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ABSTRACT

{ The Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, spon-
7 sored the Equipment Qualification Research Program which performed a survey of

applicable severe accident study reports to aid in focusing the program efforts. The
objective of the survey was to identify, where possible, equipment and components

i that have been predicted to be significant contributors to high probability accident
i sequence resulting in severe core damage. A summary of the results of the survey
|- is presented in Tables I and 2 of this report. Future updates of this report are antic-

ipated as applicable risk study reports become available.
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SUMMARY
a

To aid in focusing the efforts of the Nuclear A number of other references were also reviewed.
Regulatory Commission (NRC)-sponsored Equip. Although the majority of these references provided,
ment Qualification Research Program, a study support and confirmation of the equipment and.

-(Identification of Equipment and Components components identified from the ASEP and ASP

j Predicted as Significant Contributors to Severe reports, they did not provide sufficient information
,

Core Damage) of available reference reports per- to identify specific equipment and components.
'

taining to severe core damage situations was per-
formed. The purpose of the study is to identify Tables I and 2 present a summary listing of the
equipment and components which, based on the equipment and components identified as predicted
reference reports, are predicted to be sigmficant significant contributors to severe core damage.;
contributors to the dominant severe core damage

ategones ohab, pumps, electncal, instmments,. .
,

accident sequences, mamtenance and test, human error, and weather,

No reference reports could be identified which have been used to group the findings. The non-'

! address risk directly and also provide the capability equipment categories of maintenance and test,
to identify specific equipment and components. As human error, and weather have been included to'

I a result, the available reports which were used in provide interface information on how equipment
the study address dominant or most probable acci- and component performance can be affected. A
dent sequences up to the point of severe core discussion in this regard is provided in Section 4.
damage. A listing of the reference reports utilized;

is presented in Section 6. ThIW M wihomopim
The Accident Sequence Evaluation Program of the equipment and cornponents identified by the'

(ASEP) and Accident Sequence Precursor (ASP) ASEP and ASP studies. Similar equipment and
; study reports are the primary references that we e components have, in general, been identified by

used. ASEP utilizes the probabilistk nsk assess. both st0 dies.'

ments (PRA) for sarious plants to determine the,

i likelihood of severe core damage and evaluate the
Because both the ASEP and ASP studies aresignificant contributors for each dominant accident

limited to severe core damage, and because results
I sequences (DAS) on a plant by plant' basis. Approx-

Uf rdeenetudies relating severe core damage to'
imately 10 to 14 DAS were analyzed for each of the

nsk are not completed, certam eqmpment and cora-
. ,

,

six pressurized wate r reactor (PWR) plants and four!

ponents which would be identified between severe
! boiling w ater reactor (BWR) plants included in the

core damage and risk (release from contamment),!

f
stu4 such as purge vent and containment isolation valves,

|
The ASP studies utilize the licensee event report have not been identified by this study. Additional

; (LER) as the basis for the accident initiating work will be required on this study to include these
(precursor) event. A series of subsequent events are types of equipment and components in updated ver-
then assumed, and an event tree is generated using sions of this report. This can be accomplished as

3

; the precursor as the initiating event. Those soon as appropriate reports from such NRC spon-
; sequences resalting in predicted severe core damage sored programs as the Severe Accident Sequence

were then used to identify the equipment and com. Analysis (SASA) and Severe Accident Risk Reduc..

ponents contributing to each sequence. tion Program (SARRP) are available.
,
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ACRONYMS AND ABBREVIATIONS

. AC Alternating current

AFW(S) Auxiliary feedwater (system)

h. ANO-1 Arkansas Nuclear-One

ASEP Accident Sequence Evaluation Program

ASP Accident Sequence Precursor

ATWS Anticipated transient without scram

BF-1 Browns Ferry-One

BNL- Brookhaven National Laboratory

BWR Boiling water reactor

CC-2 Calvert Cliffs-Two

CD/CM Core damage and/or core melt

CR-3 Crystal River-Three

. CV Control valve ,

DAS D'ominant accident sequences
.

DC Direct current

DG Diesel generator

AP Differential pressure

e/c * Equipment and component

EFS Emergency feedwater system

EFW Emergency feedwater
1

EGG EG&G Idaho, Inc.

ESF Engineered safety features,

I
EQRP Equipment Qualification Research Program

'*
FW Feedwater

GG-1 Grand Gulf-One

HPCI Hiah pressure coolant injection

vi!
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HPI(S) - High pressure injection (system)

HPR(S) High pressure recirculation (system) .

*

HPSWS - High power service water system

ICM Isolatioa condenser makeup
.

INEL Idaho National Engineering Laboratory

INPO Institute of Nuclear Power Operation

IREP~ Interim Reliability Evaluation Program.

i LER Licensee event report

LOCA Loss of coolant accident

LOFW Loss of feedwater

LOOP Loss of offsite power

LPRS Low pressure recirculation system

LRTR Locked rotor

LWR Light water reactor

*
MOV Motor operated valve

MP1 Millstone Point-One
*

,

MSLB Main steam line break
i

N2 Nitrogen

NNI Non-nuclear instrumentation

NRC Nuclear Regulatory Commission

NSIC Nuclear Safety Information Center

OC-3 Oconee-Three

ORNL Oak Ridge National Laboratory

P Pressure .-

PB 1 Point Beach-One

'

PC(B) Printed circuit (board)

PCS . Primary coolant system
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-PORV Power operated relief valve

POV Power operated valve

*- PP Precursor probability

PRA Probabilistic risk assessment
,

.

PWR. Pressurized water reactor

I RBCS Reactor building cooling system

RBSIS Reactor building spray injection system

RC Recirculation"

RCIC Reactor coolant isolation cooling

RCS Reactor coolant system

I RHR Reactor heat removal

RPS Reactor protection system

I SARRP Severe Accident Risk Reduction Program

SASA Severe Accident Sequence Analysis

* SC Significance category

I SCD Severe core damage
> .

SE-l Sequoyah-One

SLCS Standby liquid control system

SRV Safety relief valve -

SSh1RP Seismic Safety hlargins Research Program

SSWS Standby service water system

SU+1 Surry-One

T&ht Test and hiaintenance

Th112 Three blile Island-Two,

VAC. Volts alternating current
!

*
VDC Volts direct current
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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 and/or available. The CD/ Chi or SCD restrictions
Commission to aid in focusing the Equipment Qual- imposed on this study by the unavailability of risk-

ification Research Program (EQRP) efforts toward oriented reference reports and limited data for the

equipment and cornponents (e/c) that have been reference reports will result .n the omission of some

predicted to be significant contributors to the prob- critical containment integrity c/c items such as: con-

ability of severe core damage (SCD) or core damage tainment purge-vent and isolation valves. Subsequent

and core melt (CD/CN1) situations for dominant acci-
EQRP research efforts will use the results of this study

dent sequences (DAS). This study has been limited to focus on specific equipment and develop recom-

to identifying equipment and components to SCD or mendations for qualification studies aimed at
CD/CN1 situations because reference reports relating upgrading qualification methods to improve e/c per-

e/c to consequences and/or risk are not complete formance and reduce their contribution to DAS.

INFORMATION SOURCES

Provide information for a sufficientAvailable reports for severe accident studies were *

used to identify the e/c predicted to be significant number of plants to permit the results to

contributors to CD/CN1. A list of these reference be considered reasonably representative of

reports is presented in Section 6. The Accident all plants. For example, ASEP analysis was
.

Sequence Evaluation Program (ASEP) draft report for six pressurized water reactors (PWRs)
for work performed at the Idaho National and four boiling water reactors (BWRs) a3

Engineering Laboratory (INEL)I and the Accident opposed to the Seismic Safety hlargins
Sequence Precursor (ASP) status reports ,3 Research Program (SSNIRP) which is plant2~

provided the major portion of the information for specific to Zion. The ASP studies address

this study. These reports were used as the primary Licensee Event Reports (LERs) from a
references because, in general, they included large cross section of plants,

sufficient information to: 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

Proside identification of e/c*
results essentially in agreement with the ASEP and
ASP information. hiost of these reports contained

Provide a coarse comparison t etween the information supportive of the ASEP and ASP*

e/c identified by analysis (ASEP) and results but did not provide sufficient information

experience (ASP) to permit identification of specific e/c.

EQUIPMENT AND COMPONENT IDENTIFICATION METHOD
.

To aid in focusing the EQRP efforts, a composite study to identify the listed c/c are discussed in detail

summary comparing the significant e/c identified in Appendixes A and B.
'

using the ASEP and ASP study results was prepared
for PWRs and BWRs. This summary is presented Briefly, the e/c identified using the ASEP study
as Table 1 (PWR systems) and Table 2 (BWR results were determined on a plant by plant basis

systems) of this report. The methods used by this for each DAS identified for each plant. A numerical

1
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Table 1. Summary: predicted significant contributors to core damage and/or core melt
sequences for PWR systems

.

Equipment
Component

a Based on Precursor (LERs) StudiesbCategory Based on ASEP Analysis

Valves a hiotor operated valves (NIOVs) (6)c . Power operated relief valves (PORVs)
* Primary relief valves (3) (1)c
* Water isolation valves (1) * Primary relief valve (stuck open)(1)
* Boron injection control valves (1) * Sump isolation valves (3)
* 3 way valve (1) * hiain steam isolation valve (1)

* Steam relief valve (1)
* Steam dump valve operator (1)
* Solenoid valves; failed windings (1)

Pumps * Feedwater turbine (auxiliary and * Feedwater (tight packing and binding)
emergency) (3) (2)

* Centrifugal; service water (2) * Feedwater; turbine, (fail to start) (1)
* Vacuum; service water (2) * Safety injection (failure) (1)
* High pressure injection (HPI)(1) * Reactor coolant (shaft broke and seal)

(2)

Llectrical * Cables; open circuit and wire fault (2) * Cables; unconnected (1)
* Circuit breakers; fault and operation (2) * Circuit breakers; opens, fails, balance
* Control circuit; NIOVs, pumps (3) loading (3)
* Power busses; common mode (1) * Relays; open, reset fails spurious ,

* Batteries; low power (1) operation (3)
* Backup alternating current (AC) (1) * Controllers; pressurizer feedwater and

auxiliary feed (3)
~

* Power busses; deenergized (1)
* Transformer; site and recirculation (2)
* Inverter; PORV, steam dump (2)
* Power supply; HPIS + boron injection

(2)

Instruments * Thermostat fail to close (1) * Non-nuclear instrumentation (NNI)
* Thermocouple failure (1) insufficient auxiliary feedwater (AFW)

flow; calibration (2)
* NNI direct current (DC) power supply

failure; buffer card (1)

Systems and * Diesel generators; fail to start or run (2) * Diesel generator trip load imbalance (1)
miscellaneous * Primary coolant system; fail to recover * Clogged feedwater strainers (2)
equipment or run (2) * Leaking service water pipe flange (1)

* Reactor protection system; fail to ter- * Steam generator tube break (1) -

minate fission and hardware fail (2)
* Chilled water system; fail to start /run (1)
* Emergency recirculation system failure .

(1)
* Boron inject heat system failure (1)

2
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Table 1. (Continued)

Equipment
Component*

Category Based on ASEP Analysisa Based on Precursor (LERs) Studiesb

Test and * N1otor operated valves T&N1 (10) * Discharge valve select switches'

maintenance * Pumps: ucuum and turbine T&N1 (6) improperly set

(T&N1) * Electrical breakers closed T&NI (1) * Casitation emergency feedwater (EFW)

* AFWS insufficient flow T&N1 (1) suction port; wrong procedures
* Transformer overload trip: other

transformer out for inspection
* LOFW; AFW pump out for repair,

motor control center out for inspection

Human error a Equipment alignment, position or actua- * Operator opened main feed breaker
tion in; HPRS, valve position, low erroneously
pressure recirculation system (LPRS), * Operator opened main tie breaker
containment plugs, AFWS. instead of auxiliary

* Improper timing (too soon, doesn't * Relay opened when bumped by worker
establish) on high pressure recirculation * Operator actuated breaker at wrong time
system (HPRS), feed and bleed, * Failure to properly reset AFW pump
recirculation. breaker caused loss of feedwater

* insufficient emergency DC battery (LOFW)
charge * 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 Niile Island Unit-2
(TN11-2)

* PORV's stick open during heatup;
technician removed recorder fuses

* Niisunderstood instructions cause
erroneous containment spray actuation,

* Improper 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.

3
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Table 1. (Continued)

Equipment
,

Component
Category Based on ASEP Analysisa Based on Precursor (LERs) Studiesb

.

Weather (Category not include. fin AGEP Study) Loss of offsite power caused by ,
* Lightning strikes (3)
* Electrical storms (2)
* Hurricane or tornado (3)
* External grid disturbance (1)
* Ice 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 1%9-1979 Status Report (NUREG/CR-2497)2 and 1980-1981
Status Report (NUREG/CR-3591).3

c. 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)a (LER Experience)b

Valves * Safety relief valves (SRVs)(fail to reseat) * Primary relief (5)
e liardwater failure outlet valves and pipes * Main steam relief (2)
* LOOP; minimum bypass valve (fail to e Auto depressurization system (2)

close) * Steam supply (1)
* MOV isolation condenser makeup (fail * Turbine stop (1)

to open) * Isolation (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) * Auxiliary turbine trips; improper
* Step down transformer (local fault) (2) alignment (1)
* Undervoltage shutdown printed circuit * Electrical connector; reactor coolant .

(PC) board (3) isolation cooling (RCIC) turbine
* Failure to recover offsite power (5) tachometer (1)

* Tachometer limit switch faulty; RCIC (1)
* Tachometer circuit resistor failed; RCIC

(1)

4



Table 2. (Continued)

Equipment
Component Based on ASEP 13ased on Precursor Studies*

Category (PRA Analysis)a (LER Experience)b

Instruments * Reactor low pressure switch; calibration * Reactor water level signal; calibration*

* Control circuit bypass valve; no output
* Common mode logic failure; reactor

protection system (RPS)

Systems and a Diesel generator fails to start (8) * 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)

N1aintenance * RCIC N10Vs opened (or closed) T&N1 * HPCI and RCIC improper calibration
and test (8) procedures (1)

* Standby sersice water system (SSWS) * Service water intake blocked; sea life (1)
N10Vs opened (or closed) T&N1 (5) * HPCI and RCIC loss due to AC power

* SSWS pump down for maintenance (1) loss (1)
* Failure to restore T&N1 fault (2)

Human error Operator fails to; * Leakage through centrol valve; N2
* Initiate standby liquid control system pressure set too high

,

(SLCS) (2) * LOOP; 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

(1) ' tray fire*

* Initiate torus cooling (1) * Differential power relay set incorrectly
* Initiate depressurization system (2)
* Start any high pressure service water

system (1)

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

a. Reference 1, the ASEP report on which these data are based considered six PWR plants (Arkansas
Nuclear 1, Calvert Cliffs 2, Oconee-3, Crystal River-3, Sequoyah-1, Surry-1) and four ilWR plants (llrowns
Ferry 1, Grand Gulf-1, N1illstone Point-1, Peach 110ttom-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.

c. Number in ( ) indicate the number of occurrences found for each item.
.
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value based on DAS probability, component impor. tive examples of main events and the basic events
tance factor, and the number of DASs for a given considered in each main event.
plant that a particular component appeared in, was identification of the e/c using the ASP study
used to rank the importance of each e/c item (see results has been based on the description and
Appendix A).' Essentially all DASs identified by sequence-of-interest event tree for each precursor

,

ASEP (Reference 1) were considered in this study. presented in the study reports (References 2 and 3).
Ilowever, consideration was limited to only the The precursor events included in this study were
main esent items in the DASs with component arbitrarily limited to a Significance Categor *

importance factors greater than about 1 x 10-2 as 40 or less (precursor probability of I x 10 g ofor
derived from the ASEP. Table A-4 presents descrip- greater).

DISCUSSION OF RESULTS

The e/c identified by ASEP and ASP were Pumps (Primarily for PWRs)
tabulated under the equipment categories of valves,
pumps, electrical, instruments and systems. Results Feedwater (auxiliary and emergency)
for the non-equipment categories of human error,
weather and maintenance were also included in Service water (centrifugal and vacuum)
Tables I and 2 to provide insight and reference
interface information as discussed in the following fligh pressure-safety injection
paragraphs. Since the purpose of this study is to
derive an e/c list to assist in focusing the efforts of Reactor coolant (broken shaft and seal failure)
EQRP, no attempt has been made to assign prob-
ability, unavailability, or similar rating values to the Electrical
predicted significant contributors to CD/Chl or
SCD items listed in Tables I and 2. Circuit breakers and relays

,

Briefly, Tables I and 2 indicate that essentially Power busses
the same equipment has been derived from ASEP
and ASP as predicted significant contributors for Controllers and circuits

*
both PWRs and BWRs. The exception to this is the
pump category for which there are essentially no Transformers
significant contributors predicted for BWRs.
Although the results of this study were derised from Power supplies
data for specific plants, the summary presented in
Tables I and 2 is intended to provide a generic Cables and connectors
listing of the e/c that have been identified as
predicted significant contributors to CD/ Chi or Limit switches
SCD. A summary of the major e/c items identified
from the ASEP and ASP studies are: Systems and Miscellaneous Components

Valves Diesel generator (fail to start or run or trips due
to load imbalance)

hiotor or power operated [hlOV or power
operated valves (POVs)] Feedwater system (clogged strainers)

.

Safety or primary relief (SRV or PORVs) Primary coolant system (steam generator tube
rupture)

Isolation (steam, sump, condenser, etc.) .

Boron injection heatup system
Seram discharge vent valves [ identified by
LERs for BWRs. Failure could lead to antic. Although test and maintenance, human error,
ipated transient without scram (ATWS)]. and weather may be considered to be outside the

6
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,

J

i scope of EQRP, they were included in Tables I improper timing and actuation (establishment
and 2 to provide ir. sight and interface information of feed and bleed or recirculation too soon or
between the e/c and the effects on equipment per- late)
formance due to human and nature interactions.

1 Occurrences such as (a) accidental grounding of Impr per application of procedures (battery
.-

charge low)hydrogen analyzer system causes scram or
; (b) instrument dummy test load causes erroneous

signals and possible LOCA, are examples of situa. Failure to operate or erroneous operation of
.

?

tions which c/c must withstand without failure or equipment by operator. (failing to imtiateI *

degradation of performance. The potential occur- e ntr I r d insertion)
rence of these situations should be included in the4

l consideration for equipment qualification criteria. Inadvertent equipment operation (bumping
breaker, causing it to open); A summary of the major non-equipment observa-

! tions identified from the ASEP and ASP studies
which could influence equipment qualification impr per calibrat. ion, set pomts, or use of.

research requirements is described in the remainder dummy loads (dummy test loads causing'

; of this section. err neous signals)

inc met w ng assem y ystent or equp
|1 Test and Maintenance (TitM): Virtually all

'

ment (power busses tied incorrectly; LOOP)of the equipment, components, and systems
summarized in the major e/c items above i

appear in the T&NI category. Some of the Spurious signals (ll5 VAC maintenance switch
i

,

I observed causes for predicted significant con. causing spurious signalst potential LOOP)
!

tributors due to test and maintenance (T&Al)
hiisunderstood instructions (cause undesiredare. !

initiation of containment spray), c

Ilypothesized failure of alternate component Weather: The category of weather was not [
j while primary component is out for T&hl or specifically included in the ASEP study because

'

repair. ASEP was 'imited to internal events occurringi .

i regardless of the externalinitiation. For those
Failure to provide function (such as LOFW) weather related events appearing in the ASP,

j because multiple inspection and/or repair precursor study, the major effects on the plants |,
,

i actions on required subsystems are bemg that were noted are:
performed simultaneously.

,

! Loss of offsite power (LOOP) caused by light-
Improper alignment of valves, switches, or ning, storms, and salt buildup on electrical

,j similar equipment causes failure of given system insulators (caused by ocean water)
to perform.

1 Loss of feedwater (LOFW) caused by ice
1 improper procedures formation
s

Human Error: A large number of the predicted Steam dump valves fail to open due to cold,

j significant contributors to CD/CN! situations weather; air dampers incorrectly positioned.
i can be attributed to human error. Taken from
! this study as an individual category of con- The information presented in this section to this
j tributors, human error appears to be the largest point has been oriented toward Ihe information
i single contributor to CD/Chl. Some details for presented in Tables I and 2 and derived from the
j the major human errors identified by the ASEP ASEP(Reference 1)and ASP (References 2and 3)

'
-

| and ASP studies are presented in Tables I studies. Appendit A provides a discussion of the
'

and 2. A summary of these errors is; selection methods used to identify the e/c based on
i. the ASEP studies. Table A-I presents a sample of

improper alignment of equipment (improperly the main events associated with Ihe DAS as wcli as
positioned valtes, incorrect generator the probabilistic risk assessment (PRA)identifica-4

i alignment) tion number for each c/c associated with each main

i
^

7
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event. In general, the PR A identification number, of esent trees from Peach llottom and fragility data I

which identifies a basic esent in the PRA, can be for Opter Creek, liased on the PWR and ilWR
used to trace through PRA documentation and hy brid plant models assembled from this informa- l

drawings to identify specific c/c details such as tion,Ihe llNL study derived a list of seismically risk i
manufac'urers, model numbers, and other peilinent semitise syvems and equipment. A summary listing

[
*

information for the specific item identified. The of the derived systems and equipment excerpted
PRA identification number for each c/c item iden- from Reference 5 is presented in Table 3. Almost
lified by this ~dy is given in the compilation of all of the items listed in Table 3 also appear in .

summary sheets e ble A-5). Tables I and 2. A few items that are seismically sen-a

sitis e exceptions are soil failure / slab uplift, storage
Appendix il provides a discuwion of the selee- tanks, and buried condensate pipes. Although the

lion methods used to identify e/c based on the ASP llNL study results do not proside a complete generic
studies. The Nuclear Safety information Center risk ordered list of equipment that can be applied
(NSIC) accenion number for each e/c is gisen in directly to specific plants, a good comparison with
the compilation of summary sheets provided as the results derived from the ASEP and ASP studies
Table 11-2. The accession number prosides trace- as shown in Tables I and 2 is provided. In this
ability to specific plant, LER, and other details regard the llNL results provide valuable confir.

; required for identification of specific c/c (see matory information and lend confidence to the
Exhibit 112 for example). Items listed in Tables I and 2.

Reference 4, summarites and delineates the cur- NUREG/CR-3428 identifies items that are
rent major ASEP findings and insights regarding important to tisk: clectrical equipment failure and'

light water reactor (LWR) accident sequences and the indirect failure of mechanical equipment (i.e.,i

containment responses for both PWRs and llWRs. caused by building failure).6 liased on discussions
ilriefly, Reference 4 addressed PRA accident with Dr. Alichael P. Ilohn of the SShlRP the
sequences with revised baselines using PRA group- following items important to risk were identified:
ings by like characteristics and employing the most
current accident sequence insights and progression I

uncertaintics, it also addressed variations in con. Pipe failures between buildings*,
'

'*

tainment design and the potential Impact on con'
tainment respome. Ilowever the accident sequence' Electrical busses and relays in onsite*,

were only analyicd to the system level, and details emergency AC power systems
. ;

pertaining to ahe identification of c/c were not pro.
Safety and relief valves*

).
vided. As a consequence Reference 4 report results
were used for reference and to complement the

Reactor protection sptem failures.7*

|
results provided by Reference 1.

.

Reference 5. Ihe iltook haven National References 8 and 9 were also reviewed as part of
Laboratory (llNI.) report, is a scismically oriented Ihis study. These I.ER summaries for pumps and
study and feasibility analysis that is intended to pro. valves provided additional details to complement
vide a list of scismically risk sensitise systems and the information presented in the ASP reports'

equipment for representative plants. The plant (References 2 and 3). References 10 and 11 also
models are intended to be for generic hybrid plants. provided information which essentfally com. ;
The PWR model consisted of modified event trees plemented the ASP reports. References 12 and 13 !

from Surry One (Wash 1400) and fragility data were reviews of tig ASP studies and did not pro.
from Zion (SSNIRP), and the llWR model comisted vide additional information to identify c/c.

'

RESULTS AND RECOMMENDATIONS

The results of this study are to focus the efforts because the required risk reference studies are not .

of EQRP on e/e which have been identified as completed, do not provide the required detail, or
predicted significant contributors to SCD condi. (as is Ihe case witn References I,2,3 and 4) do not
tions. The desired objective, to identify significant prmide information beyond SCD. From Ihis stand-

y contributors to risk, could not be fully achieved point, future additions mmt be made to the e/c

..
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Tabic 3. Seismically risk sensitive systems and equipment identified by Brookhaven
National Laboratory feasibility study

* Equipment
Component

Category liased on llNI. Feasibility Study
.

PWR Systems * Emergency power systems; diesch DC bunes and batteries
* Ausiliary feedwater systems; storage tanks
* Containment heat remosal systems; electrie pumps y

a liigh pressure injection / recirculation; sersice water pumps !

|

PWR Components * Seniec water pumps |
and Equipment * Pipes; buried condensate

* Pumps and turbines
* Pipes
* Tanks

PWR Events * Lou of offsite power
* Soil failure / slab uplift

ilWR Systems and * Core spray injection; noules, valves and cicettical relays, cables and breakers
Associated * liigh pressure coolant injection; vahes and electrical cables, relays and
Components preuure switches

* Reactor core isolation cooling; valves and electrical cables relays and pressure
switches

* Reactor protection system; vahes
*

* Iligh prenure sersice water; valves
* Emergency senice wa;ct; relays
* l_ow prenure coolant injection; vahes and relays.

-
. . - . . . - - . . . .

listings presented in Tables I and 2 to include and the compilation summary tables can proside
significant contributors that are identified between a means of focusing the EQRP cfforts and provide
SCD and thk. identification of containment related a method to trace desired e/c specifie detaih,
items such as cooling fans, purge vent sabes, hola.
tion sahes, and other release control c/c must be An abbresiated form of Tables I and 2 has been
made by studies that are risk oriented, used to compile a lkt of e/e for w hich past gualifica.

tion test details from commercial testing laboratory
The general eategories of c/c resulting from this files are desired. As part of EQRP, a data search

study, and liued in l' ables I and 2, hase been com. contract has been awarded to a commercial testing
piled from both analph and esperience studies lab. The preliminary c/c list (Tables I and 2) were
(References I,2 and 3) which addrened specifie used in the preparation of the work scope for thk
plants on a plant by plant bask. Ilased on the co;a. contract. Similar use of the results of this study will
pilation summary tables presented at the back of be made for other identified EQRP research
Appendiscs A and II, traceability to specific c/e projects..

detaih such as manufacturer, model number, cle,
h pouible in most cases. Presentation of Ihe study It is recommended that additional efforts be

.

results in this fashion prosides a generallisting as espended on this study to identify c/c that con-,

wcli as a compilation of plant specifie detaik u hich tribute to the probability of public thk due to con.
can be modified or made larger as more informa. tainment release. As results of studies directed
tion becomes asailable (particularly rkk oriented toward the public rhk/ containment release become
information), if properly updated, Tables I and 2 asailable, identified c/c items should be added to

9
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or deleted from Tables I and 2. Currently EQRP draft report which analyzed sis PWRs and four
is researching purge vent and containment isolation llWRs. ASEP studies on additional plants are in
valves which are in this category, proecss and, when they are completed, the results

should be factored into Tables I and 2. A similarIt should also be noted * hat continuing efforts ,

are in place for Ihe ASEP and ASP studies. The eff rt should be made with regard to the ASP study
of LERs.ASEP work used for this study was based on the

*
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APPENDlX A
EQUIPMENT AND COMPONENT SELECTION METHODS FOR

. ACCIDENT SEQUENCE EVALUATION PROGRAM (ASEP) PREDICTED
'

SIGNIFICANT CONTRIBUTORS TO SEVERE CORE DAMAGE
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APPENDIX A
EQUIPMENT AND COMPONENT SELECTION METHODS FOR

ACCIDENT SEQUENCE EVALUATION PROGRAM (ASEP) PREDICTED
i SIGNIFICANT CONTRIBUTORS TO SEVERE CORE DAMAGE-

Presented in this appendix are details pertaining importance of approximately 5 x 10-2 to 1 x 10-1
to the references and methods used for the iden- and greater were used for each DAS.*

tification of the equipment and components (e/c)
determined to be predicted significant contributors Table A-3 presents a composite tabulation of the

I to the likelihood of core damage and/or core melt DASs and ASEP main event importances as taken

(CD/DNI) situations based on the Accident from Tables A-1 and A-2. The purpose of the
Sequence Evaluation Program (ASEP) tesults.A-I Table A-3 tabulation is to provide a means of

| A summary of the identified c/c has been presented gathering the ASEP events associated with each

| in Tables I and 2 of the main body of this report. DAS for ANO-1, and ranking the events based en
I the DAS sequence probability, the importance fac-

Figure A 1 presents a ;raphic representation of tor, and the number of DASs containing each
portions of the ASEP report results that were used ASEP event. The numerical value derived for the

| and the summary listings developed to derive the ranking has no significance other than the ranking
' e/c listings presented in Tables I and 2. Ilecause of of ASEP events for a given plant relative to one

the large volume of records involved, only samples another. The ranking value shown at the right-hand

of some of the (ASEP) documentation are side of Table A 3 is simply the sum of all the prod-
presented. ucts of the DAS probability and importance factor

for ail the DASs contained in the ASEP event.
Table A 1 presents a listing of the dominant acci-

. dent sequences (DAS) identified for the Arkansas Table A-4 presents a sample of the ASEP events

Nuclear One plant (ANO-1) picked at random for and associated e/c. The total unavailability and the

this example. The probability to CD'CN1 values unavailability for each e/c is also given. Using the
,

presented are based on the ASEP reports (Refer. AStP event ranking as show n in Table A-3, the e/c

ences A l and A 2) and the probabilistic risk associated with each ranked main event was iden-

assessments as described in Reference A 1. Some tified and an equipment category assigned (see notes

differences in the probabilities predicted by these on Table A-4). The e/c categories assigned are;*

efforts is evident. ASEP essentially used the PRA valves, pumps, electrical, instruments, systems,

information with some changes to discount recovery maintenance and test, and human error. Weather

! actions and other similar occurrences. ASEP used was not included in the ASEP analysis.

| the same PRA information but included different
baseline information as described in Reference A-2. Table A-5 presents the summary listings for the

e/c categories that were identified by the ASEP
study for the six PWR and four ilWR plants. The

llecause ASEP (Reference A 1) was the only ASEP event identification and a general description
st idy which prosided sufficient information to per- of the e/c is presented. The event ID provides
mit the tracing and identification of individual traceability to the ASEP study and,if required, the
specific e/c, the probability values presented for it PRA identification number provides traceability to
were used m subsequent analyses as a means of reference PRA documentation so that the specif;c
selecting important events and equipment. component involved can be identified. The amount

of information available for the specific component
Table A 2 presents the ASEP esents and varies from PRA to PRA. Ilowever, for most PRAs*

auociated event importance for the DAS example the component manufacturer, model number and
(1,2)DI for the ANO l plant. A similar table is other specific information can be determined. The
presented in Reference i for each of the 14 DASs summary tabulations presented in Table A 5 were.

|

identified by ASEP for ANO-l. For the purposes used to derise the e/c items presented in Tables I
of this EQRP study, only the ASEP events with an and 2 of the main body of this report.
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List ASEP dominant accident-

sequences for each plant.
(TableA-1)

.

Determine ASEP event
importance factors for
main events for eachi

DAS. (Table A-2)

Develop table of main
events for DA5s 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
I ranked contributors, i.e.,

valves, pumps, etc. (Table A-4)
i
1

Assemble summary tables
of ranked equipment and

components by categories.
(TableA-5)

.

l'igure A l Uraphic representation-ASlii' equipment and components selection method.

.
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!

l
;

l Table A 1. ASEP dominent accident sequences
!
L Plant: ANO Type: PWR PRA Method: Interim Reliability Evaluation Program (IREP)

! .

*
Dominant Accident
$3uente Atronym _. Brief Deu rtption A5f P/(G(. A%EP/5N(' pAA Joment
B(l.2)01 Seal or pipe rupture 1.2 a 10 S ($) 3 a 10-6 (7) 2.8 a 10 6 (!) Small LOCA

0.38 to 1.2 in and
HPl5 feliure

B(l.2)01C 5eal or pipe rupture 1.6 a 10*I (6) 4.$ a 10 6 (2) 4.4 a 10-6 (2) Small LOCA
0.18 to 1.2 in. HPIS
and reactor building
spray injection System
(88515) failure

f(LDP)L0v franstent LOOPn failure 1.0 a 10 0 (8) 4.0 m 10 6 (4) g,9 10 6 ( t )i power converston, emer.
gency feedwater nyttee
(EFS) HPIS, reactor
building cooling system
(R8C5) and 68515 systems

B(4)Mg Piping rupture 1.2 to 3.0 a 10-0 (1) 1.5 a 10*I (1) 1.4 a 10 6 (12) Small LOCA
4 en. and high pressure
rec treulation tyttem
(NPR5) f ailure

f(001)L0 VC fransients til VDC power 2.3 a 10*6 (3) 1.0 a 10 0 (8) 3.1 a 10 6 (g)
l '

but, E FS, HPIS, RBC5,
and R8515 f ailures

f(002)L0lfC frantlentl 125 VDC power 2.0 a 10 6 (14) 2.5 s 10 6 (9) 2.5 a 10 6 (g)
bus, (FS, HPI5, ARC 5,
and R8515 f ailures

8(1.66)H] Rupture 1.2 to 1.66 in. 2 5 a 10-5 (2) 3.0 a 10-8 (14) 1.2s10-6(13) $..it toca
plut HPR5 f ailure ,

f(001)LQ.0j franntent; 125 VOC power 2.0 a 10 6 (4) 4.0 a 10-6 (3) 4.0 s ?0'' (3)
but FS 2 of 3 HPI5
fatIu(res,,oneSRVfallt
to close , ,

f(A))(Q.03 Samm as above only S.6 s in.6 (10) 1.5 m 10 6 (g) 3,3 , 10 6(4)
4160 Var engineered
saf ety feature ((5F)

|
powr but f allt

f(flA)p0) f rangierit; anticipated 2.8 a 10*' (12) 3.0 a 10*" (6) 2.4 a 10*0 (6) Atw5
trentient without scram
(AfW5),failureto
Initiate HPl5

1(001)LDj fraattent is$ WDC, (tf 1.4 s 10'5 ( 7) 2.0 a 10-6 (10) 2.2 a 10 6 (g)
power but, (FS, HPIS
fatturet

f(A))LD) fransient 4160 VAC, (5F 4.2 s 10*6 (11) 1.0 s 10 6 (1)) 1.0 a 10 6 (14)
pawer Dut, 175 HPl3
failuret

f(001)l010 frantlent lli VDC, (5F 8.6 410 6 (v) 2.0 s 10 6 (11) 8.8 a 10 6(10)
power but, (fi, 4 45!5 |
failuren

f( AllL Dic frantient 4160 VAC, F5F 2 4 a 10'' (1)) 1.5 a 10 6 (17) 1,4 a 10 6 (11) ,

per but, (f 5, HPIS,

48515 failures

~

*
h4ers 19 () are seq 9 ente reating order numbers f or each study based on ht test probability.| a.

b. IC6G 'deho A5(P.
I

c. Sandia het tonal L aboratory A5(p.

16
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Table A 2. ASEP events and associated event importance

ASEP Event Importance

1. PSSWHP08 3.3335E-01
2. HSECSX42 2.4857E-01
3. ACHPIC08 1.9498E-01
4. ACSWHP08 1.8869E-01
5. HSHPIC08 1.5095E-01
6. HSSWXH38 1.2097E-01
7. HSSWXA37 1.2097E-01
8. FSHPCM07 1.1820E-01
9. HSHPLP09 8.6170E-02

10. ACHPLP09 5.302BF-02
11. ACSWXH38 5.1371E-02
12. ACECSX42 4.9713E-02
13. ACSWXA37 4.9713E-02
14. ACSWXA36 4.9713E-02
15. HSSWXA36 3.1485E-02-

16. TMHPIC08 1.3837E-02
17. TMECSX42 7.2913E-03
18. PSECSW42 6.6285E-03,

19. TMSWXA36 3.1485E-03
20. ENECSX42 2.9828E-03
21. TMHPLP09 2.6514E-05
22. TMSWXA37 2.6514E-05

.

e
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Table A-3. Tabulation of ASEP DAS ASEP events of importance

P1aat: Areaosas % clear
'

b b N
/ $ $ j& f' g$ / 5 1 2 s 3 s 4 S

Q #~ ~ ~

f $ $$ E $#
s

/ s U e
Pecoacilitf 1.7E-05 1.6E-05 1.M-05 3.M -05 2.3E-05 2.M -06 2.5E M 2.0E-05 5.6E-06 2.Y-06 3.4E-05 4.2E -06 3.5E-06, 2.4E -06 Raaking values *

M55=4 08 C.33 0.33 0.37 (5) 1.24E-05
M5EC5 42 0.25 4.25E-Ot*
ACrd';CC4 0.19 0.22 0.22 (13) 7.23E-06
AC5a+406 0.19 0.21 0.21 (12) 7.05E-06
M542C00 0.15 0.17 0.17 (15) 5.64E-06
M55.ra33 0.12 0.09 0.09 (14) 6.99E-06
a55=1A37 0.12 0.09 0.09 (14) 6.99E-06
15r#5PO 7 0.12 2.04E-On

M54LP09 0.29 4.64E -06
M5++t010 0.29 0.62 0.62 6) 1.14E-05
MSEC 5s41 0 22 0.18 0.57 0.18 l) 2.65E-05
MSEC 5 42 0 22 0.18 0.18 3) 1.34E -05
ACMPLU O 0.18 0.38 0.38 (13) 7.02E-06
ACM81709 0.18 2.88E .06
d54 Cull 0.17 2. 72E -06

CM CC126 0.73 (10) 7.30E-06
- MSX.2234 0.23 2.M-06* MSX2133 0.20 2.M -06

AGFS$24 0.13 0.54 3.5 /E-06
AC5etw38 0.04 0.04 2.20E-06
A G C5a41 0.04 0.11 0.04 4. 73E -06
AGF5521 0.21 0.20 (4) 1.3M.05
ACEF 5525 0.18 0.19 0.19 0 Il ( 7) 1.10E-05
AaF 5522 0.12 0.16 0.I6 0.11 (9) 7.44E .06
AC5.s235 0.1I 0.II 0.13 2. 53E -06
M5EE5515 0.10 2. 3M -06

85DCs127 0.65 1.34 -0o
TMOC1127 0.21 5.40E -0 7
M544x146 1.00 (2) 2.50E-05
kVF1515 0.10 0.10 0.10 4.2M-06
M5EF5520 0.09 0.09 0.09 3.83E-06
AGF5523 0.09 0.09 0.09 3.8 3E.06
ACEF 5524 0.08 0.55 0.08 0.08 0.55 (8) 7.80E-06
M5Artt46 1.00 (15) 5.60E-06
H5EF5517 0.38 0.06 0.39 0.38 (16) 5.52E-06
E5MPCM43 I.00 2.80E -On
AcaP5:01 0.50 1.40E -06
AcaPSEC2 0.50 1.40E -06
ACRPSIO3 0.25 7.00E -0 7
ACRPS204 0.25 7.OnE -0 7
ACEPSICS 0.25 7.00E .0 7
ACRP5s06 0.25 7.0M -0 7
M5EFCM18 0.04 0.04 2.64E -0 7 I

.. . . e i. t 3 r . 9 vor o i. . t. mai. ..a ts .itnoot ( ) .ere g os.4 ta snes st a .s

. . . = . .
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Table A4. ASEP listing of equipment and components and unavailability for ASEP events

.

Ma!, Event Subordinate Event Component Unavailability

I = 5.3E-03HSSWHP08
----

.

1.0E-04*SWS0318CX-X0C-LF--manual --

valve-0C, plug

*SWS31808-VCC-LF--motor operated Valves 4.0E-03
valve-CC, failure to operate

1.0E-04SWS31808-VCC-LF--motor operated --

valve, plug

*62148-CBL-LF--cable, open Cables 1.1E-03
circuit

I = 1.0E-02HSRVXX46 -- --

* Primary relief valve failure to Valves
reseat

I = 1.5E-02HSECSX42 -- --

*ECSCH4BA-CWU-LF--chilled water Systems 2.3E-03*

unit, failure to start

*ECSCH4BA-CWU-LF--chilled water Systems 1.4E-03
.

unit, failure to run

*5254A-CBL-LF--cable, open Cables 1.1E-03
circuit

*ECS5254A-B-AASF--thermostat Instrument 5.4E-03
failure to close

1.0E-04EC5602BX-XOC-LF--manual valve-0C, --

failure to remain open (plug)

1.0E-04ESC 604BX-CCC-LF--check valve-oc, --

failure to remain open (plug)

1.0E-04ECS601BX-XOC-LF--manual valve-oc, --

failure to remain open (plug)*

Asterisk indicates events used in the study.*-
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Table A-5. Summary: equipment and components identified as significant contributors
based on ASEP report

Plant Type: PWR
,

Category: Valves

.

[qs tpment nomponen t /5ys tem
Plant total raA Torsion or

twent Event fuent Identtf tcation Event
Plant' (centification R ent unavailable Ceaeral Deuription Number Unav a t lable Notes

Ah0 1 H5$WHP08 1 5. )t . 3 Motor operated vals e SW5 31808.VCC4F 4.0E.3
f atlure to operate

ANO.1 H5dytt46 2 2.C( 2 Prtmary relief valve (none) 2.0t .2
f atlure to reseat

A40-1 H5tCSX42 3 1.5[ . 2 3 way valve f ailure to (C5 6036A.DPC4F 4.CT .3
operite

A40.1 H5HPLP10 6 5.2E.3 Motor operated valve LPI 14088-vCC4F 4.0t . 3
f ailure to operate

CC.2 H5PORv20 6 8.0E .2 Powar operated reitef (none) 8.0t. 2
valve f ailure to reseat

(C.? E0PORv24 7 1.0t .1 Block valve f at ture to (none) 1.0t .1
close qtven PORv stuck open

00 3 H558vs08 1 6.0t .2 Fallure and pressurtter (none) 5.0t .2
safety reitef valve to re.
seat

OC 3 H5HPlC22 6 1.4t .2 Motor uperated valve HP-27 HP-25 1.0t . 3
f a tlure

5t.1 H5AFhx05 1 3 lf.3 Fallure of any single (none) 3. lE.3
tsolation valve tietween
containment system and
Aus feedwater pumps

5t.1 HMHP!x04 5 f /t.J Matt tale control valve (none) 1. 7t.) e

f ailures for boron inject

and refuel water storage
supplies

A43 1 H55mwP08 1 5. 3t .3 Motor operated valve Sw5 31808 vCC4F 4. 0t . 3
*f ailure to operate

A40 1 H5 Avis 46 2 2.0t .2 Primary relief valve (none) 2.0t .2
! f atture '.o reseat
l

ANO 1 H5ttit42 3 1. 5t .2 3 may valve f atture to (C5 6036A-DPC-LF 4.0t.3
operate

A40 3 H55WHP08 5 5. ?f . 3 Motor operated valve 5WS 31hua.VCC4F 4.0t.3
f ailure to operate

i A40.1 H5HPLP10 6 4. 2t . ) Motor operated valve LPl 14088.vCC-tF 4.0t.3
| f atlure to operate
I

CC.2 MSPollv20 6 8. ?t .2 Power operated rollef ( none) 8.0f.2
valve f atture to reseat

(C.2 10Ponyl4 / 1. ( .1 Block valve f ailure to (none) 1.0t .1
close gtven P0av stuck open

OC.3 H55Rvt08 1 5.0t.2 Fatture of pressurizer (none) 5.0t .2
safety rettef valve to re.
seat

OC 3 45HPI(22 6 1.at.2 Motor operated valve HP.21 HP 25 1.0t.3
failure e

5t.1 H5AFWIL5 1 3. It.3 f atture of any single (none) 3. lt.3
(Soletton valve between
containment system anu
Aus f eedwater pumps

*

5E.1 HMHPlIO4 5 1. 7E . 3 Nltiple control valve (none) 1. 7t . )
f ailures for boron injec t

and refuel water storage
Suppflet

20
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Table A-5. (Continued)

Plant Type: PWR
Category: Pumps

.

Fauspment/romponent/ System
Plant Total TRa vertT5n or

* Event Event Event ident if ic a t tun Event
Plant, fuentification R ana Unavailable r,eneral Descript ion Nu ber lYnavailable Notesm

CC-2 H5AFW203 2 2.1E - 2 Turbine cump failure TP 22 2.0E - 2

( AF' ) (f atis to operate af ters
24 hours)

CH-3 W4 F SA08 6 2.2E.2 Tu-bine pump f ails to start EFP.2 2.M -2
( emergenc y
feeo)

OC-3 H5t5=B01 5 1.4E . 3 Centrifugal pump f ails to LP5w PIs 1. 2E -4
glow pressure run f or 24 hours, vacuum

servue water) pump f atis to run for VP! 1.2E-4
24 hours

OC.3 H5HPIC22 6 1.4E-2 Pump lube oil too viscous. HP-Pic 1.0E.2
(htgh pressure pump hardware HP Plc 1.M 3
injection)

OC-3 HR5mA02 11 2.M-3 Centrif ugal pump hardware, LP5W-P 3A 1.0E - 3
(Iow pressure vacuum pg hardware VP2 1.M - 3
service water) i

i

SU.I H5?PUM02 4 1.2(.3 No f low f rom turbine pump PCVol42C 1. 0E -4

(AFW) signals
No f low f rom turbice P PHTliR 8F 1.M - 3
signals
No flow f rom turbine pump PNV0lS3C l .M -4
signals

.

*

9

0
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Table A 5. (Continued

Plant Type: PWR
Category: Electrical: Cables, Circuit Breakers, Relays, Power Busses

.

E quipmentftonponent/Sgtem
Plant total PWA Port ton of .

(vent Event (vent toenttf tcation twent
Plant * l aentif ic ation R ana Unavailable ceneral Description Number . Unavailable Notes

Ah0 1 H55WH908 1 5.3C-3 Caole: open circuit 6214 8.C8L.LF l . lt. 3

A NO. I H5EC5142 3 1.5t.2 Cable; open circait 5254 A-C8L.LF I . lf.3

ANO 1 ACEF5521 4 1.1E.2 Cables: (8 ea) open circuit FFFAC04 X 08L.LF 1.IE.3(ea)
( t ypic al)

ANO.1 H55 HHP 08 5 5.30 3 Cable: open circutt 6214 B-C8L.LF l . lE.3

A40 1 ACEF5525 7 9. 3C. 3 Caoles: (1 ea) open circutt EFVVD41 X-CBL.LF 1. lf.3 (ea)
(typical)

A40.1 AC[F 5524 8 4.5[. 3 *ahles: (4 ea) open circuit (TVV025 X C8L.LF 1.1E.3(ea).

(typtcal)

ANO 1 ACIF55?? 9 6.4t . 3 Cables: (5 es) open circuit EFCh522 8.C8L.LF 1.It.3 (es)
A NO. I ACHPIC08 il 3.1E.3 Control breamers: local HPla406 8 800.CC 2.0E .3

f ault and f ailure to HPIA406 8 800 LF l.0E.3
transfer

A NO.1 AC5WHP08 12 3.Or . 3 Control breakers: loc al .5u56214 8 800.CC 2.0t.3
faalt and failure to SW56214 8 800-LF 1.0E.1
transfer

ANO.1 ACHPLPIO 13 3.2E . ) Control breakers: local LPl6164 8 800.CC 2.0E.3
f ault and f atlure to LPl6164 8.800-LF 1.0E .1
trans*er

CC.2 ACCC2134 15 1. 3f . 2 Control circult: control CV.5162 6.4t.3
valve circuit f atlure CV.5208 6.4E . 3

*
OC.3 ACHPIC22 6 1.4F.2 Control circutt: motor HP.25 6.4E.1

operated valve control He.27 6.4E.3
circuit

OC.) ACHPA321 9 6.4E.3 Control circult: motor 99 24 6.4t.3
operated valve control

,

c ircu t t

00 3 ACHPIA23 10 6.4t.) Control circutti motor HP.26 6.4E.3
operated valve control
c ircu t t

DC.) ArL5kA02 12 3.6f . ) Control circutti low L P5W.P3A 1. P( .3
pressure centrifugal pump
and vacuum pump VPA 1. 8( .3

Os.3 ACLPl814 15 6. 4f . 3 Control circutti motor LP.20 6.4E.3
operated valve

OC.3 ACLPIAl3 15 6. 4E . 3 Control circuit t motor LP.19 6.4t.3
operated valve

$U.1 H5AP5A06 2 9.1t .4 Cablest (9 ea) atre f aults ITM00090 I.011E.4
( t yp ic al) (ea)

5U 1 N5eP5806 2 9. 7E .4 Caolest (9 ea) wtre f aults T WR00080 1.08f . 4
( typical) (ea)

5U.1 cM80A602 6 1.0f .4 Power busses, common mode JA 00.JB00 1.0f.?
fatlure

CA.3 H50CI%6 5 3.0t .6 Batterlest ins 4ff scent (none) 3.0f.6 Could be con. ,
power sidered human

errert charging

Ca.3 t;>t a c t01 3 3.M . ] Bykup AC (none) 3. 6E . I Need to define
power better

*

CR.3 H51M3803 8 6.2[ .2 Circuit breatert
f alls to open 3110 1.0t . 3
f alls to close 3212 1.0E . 3
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Table A 5. (Continued)

Plant Type: PWR
Category: Instruments

.

Equipment /cnonent / System
Plant total PRA Portion of

Even' twent Event Ident ification Event

Plant' identtf tcation R ank Unavailable General Oescription Number Unavailable Notes
e

ANO 1 H5EC5142 3 1.5E -2 Thermostat f ailure to close (C5 5254 A-8-AA5F 5.4E- 3

50-1 H5HT3414 Il 2.2C-2 Gal ther1D0 couple f ails TIC 1934 8 1.1E-2

.

e

e

e
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Table A 5. (Continued)
.

Plant Type: PWR
,

Category: Systems
.

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

Piant 'of 41 ~
[qu ipwnt /rompone nt /'3ys t em

~

PC -~7vMT6riTT-'---' '~ ~ ,Evert fvent fueA4 . Ident if ic a t ion EventPlant" I vntlf ic.it e, n lank lin e v u l n '.e f.eneral Desui .t son %* tic e 1)nava ilable %tes

A40 1 MfCir4r 1 1. V . ? rhill water systre: fall Ec5rp4 RA. cwt.t F ?.3f 3
to start*

Ah0.1 H5EC514l 3 1..r- Cntil water systr. fall (CSCH4 BA.CW).LF l .4f . )
'

to run '

CC.2 WCPCSR09 3 1.0( .1 #rimary coolant system: ( nor, ) I .M . )
f a t ture ta recover PCS
witnto 30 min, af'.*r tr ip
caused by PC5 interruption

f.C 2 t.NPC s t 14 8 1. 0T .2 Pr taary r 0017.! system: (none) 1.0C .?
f at1are to toctinue
operet ton followir ; trip

CC.2 HNPitl9 il 4 .1( - 6 Aeac tor protectton system: (none) 4.0E.6
f at ture to terminate
fission process witip'ei
hardware f all

(R.) H5063A0/ 4 6. lf -2 Diest generator sy.tew:
f alls to ruft. DG- 3A 3. 0[ .2
fal's to start 1.M.2

5[ .1 L 4[ R'WO 5 I I .0( .? [meraency recircuistion
cooling water syl'em:
f atture (none) 1.0E . ?

5( . ! (81I04 / /.ff - 4 Boeon inje'itan tank
heat tog s tstes : inde t ec t ed (none) 1.6E.4
fallu e

e

e

G

.

*
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Table A-5. (Continued)

Plant Type: PWR
Category: Maintenance and Teste

f quipment /C omponent /$ ys t em
* Pl ant Total MA -~ PirTron ur

(vent twent Event identification (vent
P l an t Idsntift<atton R ank Unavailaole Caneral Descript ion Number Unavallaole notesa

Cb3 TMEF5810 62 5. 5E .J f f P and MOVs out for MOV E F V 14 9.1E .4
maintenance MOV EFV.33 9.1E .4

MOV [FV.1 9. 7E .4
EFP.1 2. 6[ . 3

OC.3 , TML5=A02 7 8.0E. ) Low pressure pump LP5m P3A 4.0E .1
maintenance vacuum pump VP2 4.0f.3

ma in tenanc e 2.6L . 3

OC.) TMLP! All 8 8.2t.3 Motor uperateu valve main. LP.5 2.1E.)
tenance pump test LP.12 2. lf . 3

LP.17 2. lf.3
LP. PIA 1.9E . 3

OC-3 "'*fC22 11 8.2t.3 Motor operated valve main. MP./5 2. it . ]
tenance pump test and matn. MP.21 2.1[.3
tenance MP.PIC 4.0t . 3

OC.3 TMnPA821 16 2.1E.3 Motor operated valve main. MP.24 2.lt.3
tenanc e

OC 3 TNPA823 16 2.1[ . 3 Motor operated valve main. HP.26 2.1[.3
tenance

OC.) TML 5Al24 16 2.1[.3 Actuation train test and (SP5 4 lt.3
maintenance f ailure

0C.3 TME PACO 3 17 2.lt.) Actuet ton trata test and ($P5 2 .11 3
matntenance f atture

5f.1 TMAfon05 4 8. 4t .1 Insuf ficient Ares flow test (nonel 8.4(.7
and maletanae<ee

5U.1 tMtm R 60% 3 6.11 3 areaker closed due to main. !C80u02 6.tt.3
tenance

50 1 ENTPUMU2 5 6.00 3 No flow f rom turbine PAV4041Y 3 .Of . !
signals matatenance f ault PXV0153V 3.0( . 3

*

(C.? f* P5819 13 1. 6( .5 T&M f ailures cause reactor (none) 1. 6t .5
protection system f ailures

trol f*eCC2234 14 1.7(.2 Maintenance on control (V.5162 5.M.3
valves CV %208

e

l
e

i
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Table A-5. (Continued)

Plant Type: PWR
Category: Human Error

-
.

_..

Equipment /Camponent/ System

E Wat
- Plant Tot.1 PnA ForUon P

*
Event Event identification Event

Plant" I, dent nf ic atin'' Rank Unava d a5 :e General Description _ Number Unavailable Notes

Ah0-'. CwirNs 10 2.6f-5 Combind batteries; BATCP 2.6E-5
improper charging

CC-2 E SAF'wS10 4 1.0E-1 Operator er or to restore (none) 1.0E 1
AFW5 af ter total loss of
AC p0=er

CC-2 ESAFmS@ d 1.0E-3 Oper6*er f ails to manually ( none) ' .0E-3
initiate AM

CC-2 nSTCM15 9 4 .00 4 ;omon anJe battery f all- (none) 4.0E-4
vre, igroper charging

CC-2 E SCC 2212 ' ( 1.0E-1 Operator f ails to open C V-3824 1.0E 1
- control valve (CV)

CC-2 EkAfwSO4 12 1.0E-4 operator error; senual s 1 & 04 1.0E-4,

va h e

CR-3 E5HPCM13 - 1 8.0E .C Pae . tor -econfigures for (none) 8.0E-2
"Pk m.orrectly

CR-3 E5LPCM17 2 .JE-2 Operatt ;=itchs to rec' t- .(none) 5.0E-2
ristio. .oo soon

CR-3 E h CN14 7 1.4E-2 Operator f ails te 6 tad 11sh (none) 1.4E-2
feed and bleed

CR-3 L PCP13 9 8.0E-2 Operetor recon: lues 'sr ( r.one) J.0E . 2
YH.1ncorrec t'y

CR-3 ESLPCMG 10 5.0E-2 Operator smikM tc ecir- '(nonei f.C -2
culotton tc s sean

.

CR-3 TmEP!812 11 L %2 Aanval and stc.o va'ves to (none) 1.0E-2
nrong position by ontoe

DC-3 ESLPCM18 2 3.0E -3 Failure of operatcr to (none) 3.L3
@ea sump valves at start ,

- of recirculatton conmon 4o
spray and core cooling

DC-3 [ht95110 J 3 A-3 LPRS f ailure: test vel es (none) 3.0E-3
in wrong position

UC-3 ETR5CM09 4 3.0E-3 "A 5 suction alignment (none) 3.0E-3
impopert , operator f ailure

5E-1 ESCMHP03 2 6.0E - 3 Common mode 4x5 tailurts: (none) 6.0E-3
operator aliyn HPRS

SL 1 ENPLUG01 3 i3.0E 3 Cperator feilure to remove (none) 3.00-3
plugs between containment
Chambers

SE-1 E VAP03 6 6.02-3 Comon mode f ailures of (none) 6.0E-3
HPR5: operator f ailure to
realign

W.I EWc #01 7 3.0E-6 Normally open manual valves PKVTESTY 3.0E-6
. lef t open inaovertently

50- ESHPCM50 8 3.0E - 3 Onerator failure to align (none) 5.0E 4
,

HPR suction to LPRS

SU-1 E SI V>iOI '9 3.0E-3 Opa-ator f ailure to align (nonef' 3.0E-3
*

,- LN5 suction to pump

50-1 ESRCCM55 12 3.0E 3 Operator f ailure to align (none) 3.0E-3
'

recirculatton to hotleg

af ter 24 hours ,

50-1 E MC'cl _. I ? 13 0.-3 Oprator f ailure to align (n.wel 3.0E-3
LPMS suct hn to sump

" y
r
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Table A-5. (Continued)

Plant Type: BWR
Category: Valves

.

E quipment /Compone nt/Sys tem
Plant Total FRA FOrtlan DT

* Event twent Event identification Event
Plant" i dentif ic at ion R ank Unavailable General Description timber Unavailable fuotes

BF-1 H5RBA007 12 1.0E 3 Loop 1 min, bypass valve AvM0071N 1.0E - 3
does not close

BF 1 HSRBA302 12 1.0E-3 Loco ? min. bypass valve RVM0302M 1.0E - 3

d0es not Close

GG 1 H55RvR l6 6 1.0E 1 Failure of safetv/reitet (none) 1.0E l
to resent

MP 1 H552VRC8 2 1.8E - 2 Failure of safety / relief (none) 1.fE .'
to reseat

MP 1 H5!CHU20 13 1. 7E -2 Isolation condenser make- (none) 1. 7E -2
up MCV f ails to open

P8 1 H5E5a506 4 1.0E 4 Hardware f ailure in outlet (none) 1.0E 1
piping arid valves

.

O

9

e
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Table A-5. (Continued)

Plant Type: BWR
Category: Pumps

.

Equipment rongonent /Sys tem
Plant Total PRA Portion of

Event Event Event Identif ication Event *

Plant * Identification R ank Unavailable General Descrfation humber Unavatiani, Notes

(No purnps were identif ted by ASEP/EG&G for B'nRs)

.

t

9

9

i

I
L
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Table A-5. (Continued)

Plant Type: BWR
Category: Electrical.

Equipment / Component / System
Plant Total pxA 76fTYon 6*

Event Event Event toenttfication Event

Plant" l oen t if ic at ion R ank Unavailable General Description humoer unavafiaole Notes

bF 1 ACEPD010 9 5.1;E - 3 rircuit breaker continuous ACK8160G 2.9E - 3
circuit: no output

BF - 1 ACEPD010 9 5.8f-3 shutdown board 0 under- ACK1000G 2.9E - 3

v.fitage circutt: no output

BF 1 ACEPC01C 11 5. PE - 3 Circuit breaker continuous ACK812CG ?. 00 - 3
c ircuit: no output

BF 1 ACEPC01C 11 5.8E - 3 Shutdown board C under. ACK100CG 2.90- 3
voltage circuit: no output

BF -l ACEP3B30 11 5.8E-3 Circutt breaker continuous ACK842SG 2.9E - 3
circu t: no output

BF l ACEP3830 11 S .ff - 3 Shutdc n board 3EB under ACK300BG 2.9E - 3

voltage circuit: no output

GG 1 RCE05Pl4 7 2.0E . ) Failure to recover off site (none) 2.0E 3
power within I hour

GG 1 RCt05Pl5 9 1.0E 1 F ailure to recover of f site (none) 1.0E 1
power within 30 hour given

MP l RCLUSP10 1 4.3E 1 Failure to recover offsite (none ) 4.3E 3
power within 1/2 hour

MP 1 H5E ACll3 15 5. lE - 2 Breaker f ails to close AC 14CT 16-FTC 1. 7E - 2

MP-1 H5EACll3 15 5. lE -2 Breater f ails to open AC 1514A-2-FT0 1.7E-2

. MP l H5Farll3 15 5.!E-2 Breaker f ails to open AC 1514C 1 FT0 1. 7E - 2

MP-1 RLC05P21 1 5.0E - 2 F ailure to recover offstte (none) 5.0E-2
power within 20 hours

MP-1 RCt05P19 8 2.4E 1 Failure to re over off site (none) 2.40 1
power within t hours

,

MP l (MHIAC29 12 4.0E 1 Local fault step-down A C- T V-XFR -LOF 2.0E-1
transf ormer

MP-1 CMHIAC29 12 4.0E -l tocal AC power breaker AC- t y-3-FRC 1.0E 3
f ails to stay open

MP 1 CMHIAC29 12 4 .00 1 Local AC power breaker AC- T V-if-FRC 1.0F 1
f ails to stay open

MP-1 H5]ACX24 12 4.0E - 1 Local AC power brea<er AC-T V-IF -FdC 1.0E 1
f aih to stay open

BF 1 TNkAISOB 4 2.lE-3 Weactor heat removal (RHR) RP5126BJ 2.lE-3
reactor low pressure

seitch out cf calibration

BF 1 TMRAI50A 6 2.lc-3 RPR reactor low pressure RPS128AJ 2.!E-3
switch out of Calibration

BF 1 ACRBA007 8 3.3E-3 Flow by pass valve control RCK0071G 3.3E-3
circuit no output

bF 1 ACHdA302 8 3. 3E - 3 Flow by pass valve control RCK0302G 3. 3E - 3
circuit no output

P8-l E NRPSLCM 5 1. 9E - 6 Concon mode logic f ailure (none) I .9E -6.

Rh due to incorrect
calibration

.
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Table A-5. (Continued)

Plant Type: BWR I

Category: Systems
.

E quipment Ronponent/Sys tem
Plant Total PNa yoruon or

,
Event Event Event !aentif ication Event

Plant * I dent if ic ation R ank UnavailaDie General Description h e er t;navailable Notes

BF 1 H5E P001D 1 3.0E -2 Diesel generator f ails to ADLOO10R 3.0E -2
start

8F-1 H5EP3A3A 2 3.0E-2 Diesel generator f ails to ADLOO3AR 3.0E-2
start

BF 1 F5EP3838 2 3.0E - 2 Diesel generator f ails to AOLOO3BR 3.0E - 2
start

BF 1 H5EPC01C 3 3.0E-2 Diesel generator f ails to ADLOGICR 3.0E -2
start

EF l H5EP801B 4 3.0E- 2 Diesel generator f ails to ADLOO1BR 3.T.2
start

BF 1 H5 EPA 01A 7 3.0E-2 Diesel generator f ails to ADLOGIAR 3.0E - 2
start

GG 1 LNPC5119 13 7.0E 3 PCS f ails to remove heat (none) 7.0E-3
within 28 hours

GG 1 HMCRSX22 12 5.8E -4 Failure of any 3 adjacent (none) 5. 8E - 6
control roas to insert

GG 1 HSEAC202 14 3.0E-2 Diesel 2 f ails to start (none) 3.0E-2

GG-1 IEPPC521 16 1.0 Failure of PCS to provide (none) 1.0
makeup water within
1/2 hour given TPQE
sequence

MP-1 H5EAC103 4 6.0E-2 Gas turbine generator f alls (none) 6.0E-2
to start .

MP 1 H5EAC214 11 6.0E-2 Diesel generator f ails to (hone) 6.QE-2
start

PB-2 PCSNOREC 2 -- No recovery of primary (none) --

coolant system *

PB-2 HMCRDMA8 3 5.8E-6 Failure 3 adjacent control (none) 5.8E-6
rod drives

.

9
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Table A-5. (Continued)

Plant Type: BWR
Category: Maintenance and Test

.

E quipmen t/ Component /Sys tem

Plant Total FRA Portion of
Event Event Event identification Event

e
plant * Ident if ic a tion Rank Unavailaote General Description NumDer Unavailable Notes

GG 1 RC2ANYl8 2 2.lE 1 Failure to restore main- (none) 2.1E I
tenance of test f ault within
28 hours

6G 1 THRCICl2 3 4.0E-2 RCIC normally open motor F064-A 5.SE-3
operated valve closed
for maictenance

GG-1 TMRCIC 12 3 4.0E-2 RCIC normally open motor F063-A 5.8c-3
operated valve closed
for maintenance

GG 1 TMHCICl2 J 4.0E-2 RCIC normally open motor F045-A 5.EE-3
operated valve closeu
for maintenance

GG-1 T M CICl2 3 4.0E-2 RCIC normally open motor F068-A 5. 8E - 3

operated valve closed
for maintenance

GG-1 TM5mvA09 4 1. 7E -2 55WS motor operated valve F005A-A 5.8E-3
permally open is closed
for ma1ntenance

GG 1 TM5W609 5 1. 7E -2 55h5 pump down maintenance C0015-8 5.8E - 3

GG 1 TMSWB09 5 1. 7E - 2 55b5 motor operated valve F0018-8 5.8E - 3
normally open: closed

for maintenance

GG 1 TMSWB09 5 1. 7E-2 55WS motor operated valve F0058-8 5. 8E - 3
normally open: closed
for maintenance

.

GG 1 RCIANY17 8 2.3E 1 Failure to restore (none) 2.3E 1
maintenance or test f ault
within 28 hours

GG-1 TM5ht:107 10 1.2E-2 SSWS motor operated valve F0148-B 5.8E-3
(normally closed, must*

open) is closed for
maintenanc e

GG 1 TM5hxB07 10 1.2E-2 55W5 motor operated valve F0688-8 5.8E-3
(normally ticed, must
open) is closed for
maintenanc e

GG 1 TMkHRB05 13 1. 74E -2 RER motor operated valve F0248-8 5.8E-3
closed for maintenance

GG-1 TMRHRB05 13 1.74E-2 RHR motor operated valve F0038-8 5.8E-3
closed for maintenance

Mp 1 TM!t.MV15 6 1.71E-3 MOVs closed for test and IC-1 M0y-TMC 2.3E-3
main IC-2-MOV-TMC 2.3E-3

BF 1 E NRBA01D 12 1.0E -3 Operator error: manual RRB00010 1.0E-3
initiation torus cooling

GG 1 E5m PS22 11 1.0E 1 Operator f ailure to (none) 1.0E-1
initiate 5LCS or manually
insert control rods

GG 1 E5A05M23 15 1.5E-3 Operator f ailure to (none) I.5E-3
manually tnitiate ADS*

*

31



Table A-5. (Continued)

Plant Type: BWR
Category: Maintenance and Test

.

Egoipmen.t/ Component / System
Plant Total PnA Portion of

Event Event Event Identification Event .

Plant * Identif ic at ion Rank Unavailable General Description humcer Unavailable hotes

MP 1 E5 MAD 509 3 7.0E-2 Operator f ails to manually (none) 7.0E-2
depressurize reactor cool-
ant system (RCS)

MP 1 E51CMU21 1.0E-2 Operator f atture to (none) 1.0E-2
manually open isolation
condenser rameup (ICM)
valve

PB-1 E558tC 1 1.0E-1 Operator f ails to (none) 1.0E 1
initiate standby liquid
control system or manually
initiate control rod
insertion

PS 1 E 5HP5'wAC 6 3.0E-5 Operator f ailure to start (none) 3.0E-5
any high pressure service
water system (HP5id5) pumps
in 24 hours

a. Arkansas huclear-One ( ANO 1). Calvert Clif f s-Two (CC-2), Oconee-Three (OC-3). Sequoyah-One (SE-1). Crystal River-Three (LR-3),
Surry-One (SU-1). Browns Ferry-One (BF-1), Grand Gulf-One (GG-1), Millstone Point-One (MP-1), Point Beach-One (PB 1).

.

.

9
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APPENDIX B
EQUIPMENT AND COMPONENT SELECTION METHODS FOR

ACCIDENT SEQUENCE PRECURSOR (ASP) PREDICTED SIGNIFICANT
CONTRIBUTORS TO SEVERE CORE DAMAGE
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APPENDIX B
EQUIPMENT AND COMPONENT SELECTION METHODS FOR

ACCIDENT SEQUENCE PRECURSOR (ASP) PREDICTED SIGNIFICANT
CONTRIBUTORS TO SEVERE CORE DAMAGE

,

The ASP study results were used to ider.tify the bottom one-third of the precursors.B-3 For the pur-
e/c determined to be predicted significant con- pose of this study, the 1969-1979 precursors with.

tributors to severe core damage (SCD) situa- a SC ranking of 40 or greater were used, and the
tions.B-1,B-2 This appendix presents the details top one-third (those most likely to occur) of the
pertaining to the references and methods used to 1980-1981 precursors were used. It should also be
make this determination. A summary of the iden- noted that the PP must be multiplied by the fre-
tified e/c actions has been presented in Tables ! quency or failure probability to derive a probabil-
and 2 of the main body of this report. ity number that has roughly the same meaning as

the probability given in the ASEP results.
Figure B-1 presents a graphic representation of

the portions of the ASP results used, and the sum- Exhibits B-1 and B-2 and Figures B-2 and B-3
mary listings developed, to derive the e/c listing have been excerpted from Reference B-2 to provide
presented m Tables I and 2. examples of the detailed precursor information pro-

vided by ASP. Exhibit B-1 and Figure B-2 essen-
Table B-1 presents a sample of the ASP event tially provide data and a description for the precur-

h,stmgs for the 1969-1979 precursors (Refer- sor event that actually occurred. Exhibit B-2 and
ence B-1). A similar hstmg is presented in Figure B-3 provide data and a description for the

,

Reference 2 for the 1980-1981 precursors. hypothesized event that was assumed to result from
the precursor. The example presented is for the

The importance ranking for each of the TNil-2 accident in which core damage did actually
169 precursors analyzed for the 1969-1979 period
,

occur. Using the detailed information presented in
is the sigmficance category (SC) as shown m one the above tr.bles and figures, the e/c considered to
of the columns m Table B-1 which has been-

be primary contributors to severe core damage
excerpted from Reference B-1. The lower the SC situations were identified.
ranking, the higher the precursor probability (PP)
that the event will occur (example; SC = 00,

,

PP = 1 or SC = 20, PP = 0.01). No importance Table B-2 presents a summary listing of e/c iden-
ranking, was given for the 1980-1981 precursors tified as primary contributors to SCD based on the
presented in a report to be published in 1984.B-2 precursor studies. Tables I and 2, presented in the
Alr. Wm. B. Cottrell of ORNL provided a prelim- main body of this report, present a summary of
inary ranking, listing the estimated top, middle, and these lists.

References

B-1. 3. W. blinarick et al., Precursors to Potential Severe Core Damage Accidents:1969-1979, A Status
Report, NUREG/CR-2497, June 1982.

,

B-2.1. W. hiinarick et al., Precursors to Potential Severe Core Damage Accidents:19801981, A Status
Report, NUREG/CR-3591, (to be published).

* B-3. W. B. Cottrell, private con..nunication, Union Carbide Corp., June 2,1983.
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,

d

Review ASP list for
significant precursors *

j significance category 240(1969-1979)
top one-third ranked (1980-1981)

(Table B-1) .

Review ASP precursor details;
2 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 components
associated with significant

Precursors .

(Table B-2)

,-

,

I Summarize equipment and
compot?nts into generic.

i list (Tables 1 and 2
main body)

Figure B-l. Graphic representation-ASP equipment and components selection method..

!
*

t
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Table B-1. Sample ASP precursors listing

Precursore listed by NSIC accession number

TABE COLUMN HEADING mRBREVIATIONS

ACCESS: 6 DIGIT NSIC ACCESSION NtleER I: WA!EIENT/ ACCIDENT INDUCED BY ACML OCCmREND (N-NO, Y-YES)

EQJ INEREST Fm 1HE EVENT SI CANCE Y
AC1tAL OCCLRREEE: ESCRIPTIN OF EVENT RAE: PLANT EECEICAL RATING IN MEIDWATTS EECEIC
PIANT EME: MME OF PIANT AND UNIT NLMBER T: PIANT TYPE (B4WR, P4WR)
DOC: PIANT DOCET NtMBER V: RANT NSSS VENDOR
SY SETEM ABBREVIATIN: AE: MANT ARQ1ITECT ENGINEER
CM PXX: SETEM CmFONENT COT: OFR: RANP LICE!EEE ABBhEVIATIW:
0: P[ ANT ORRATING STA1E: CRITXX: PIANT CRITICALITY DA1E
D: DISCOVERY METHOD (0-OFERATIONAL EVENT, T-4ESTING) SD: PIANT INIEFINAELY SHtfr DNN
E HWAN ERRCR INVOLVED (N-NO, Y-YES)

ACCESS E IR1E SEQ AC11AL OCCLRREICE RANT DOC SY CmPXX 0 D E I AGEX SC RA1E T V AE Om CRITXX S

32429 690313 MSIB IIX ? ISOIAT. VALVES FAILED 'ID SHUR IND. 501NT1 3 CB VALVEX G T Y N 2415 75 265 P B LE CE 620802*
36147 690715 LOOP REAC10R WIP WITH IDSS T TFSITE ICWER HAD. NECK 213 EB CKIBRK E O Y Y 752 28 575 P W N C R 670724

w 39024 720125 IDOP LOSS T TFSITE F0WER BG ROCK Pr 155 EA CKIBRK E O N Y 3406 39 72 B G BX CPC 620927
"

39380 711208 ECIT SAFrrY MLVE OPERATICN AF1ER IDFW IRESDEN 3 249 CC INSEU E O N Y 312 36 794 B G SL CWE 710131
44751700427 LOFW 3 OF 4 STEAM IRLM SCRAM SEPEmS FAIL IRESIEN 1 010 IC INSBU U T N N 3844 36 200 B G BX OWE 591015
47814 700505 ECIT IERESSIRIZATIm INCIDENT IRESIEN 2 237 CC INSMU E O N Y 150 36 794 B G SL CWE 700107
59484 710112 IDCA SIMP ISO. VALVES CIDSED PT. BEACH 1266 SF VALVEX E T N N 71 28 497 P W BX W P 701102
60227 701204 MSIB FAILURE OF SEVERAL MSIV'S 10 CIDSE IRESEN 2 237 CC VALVEX E T N N 331 59 794 B G SL CWE 700107
61043 710120 LOOP LOSS T T FSITE M ER IACROSSE 409 EA REIAYX G O Y Y 1289 39 50 B A SL DLP 670711
61434 700717 IDOP LOSS T TFSITE ICWER HlPBDL1 BAY 133 EA INSMU E O Y Y 2708 21 65 B G BX PGE 630216'
61565 710902 IDOP IDOP AND FAILURE OF A DIESEL GENERA 10R 10 IDAD PALISAIES 255 EA REIAYX U O N Y 101 22 805 P C BX CFC 710524
63129 710324 IDOP LOSS T TFSITE 50WER IACROSSE 409 EA CMIBRK E O N Y 1352 18 50 B A SL DLP 670711
63144 710308 LOOP FAILURE OF BOIH DIESEL GENER 11 RING TESTING REINSCN 2 261 EE ENGINE E T N N 169 29 700 P W EX CPL 700920
64600 701226 IDOP SHUrDOWN OF BUCHANAN STATION IND.FOINrl 3 EA REIAYX U O N Y 3068 32 265 P B LE CEC 620802*
65757 710205 LOOP LOSS T TFSITE FOWER Pr.BFACH 1266 EA CKIBRK G O N Y 95 28 497 P W BX WMP 701102
65757 710416 IDCA FAILtRE OF CNTADMENT SLMP ISO VALVES Pr. BEACH 1266 SF VALVEX C T N N 165 35 497 P W BX W P 701102
65969 710908 IDCA OFEN EEC1RWATIC RELIEF VALVE PALISAIES 255 CB VALVEX G O Y Y 107 49 805 P C BX CFC 710524
66996 711010 IDCA MAIEIENT AIO BIDWDOWN MILISTONE1245 CC VALVEX E O N Y 349 27 660 B G EX NNE 701026
71694 720517 IDOP LOSS T TFSITE ICWER PALISADES 255 EB RELAYX G T N Y 359 32 805 P C BX CFC 710524
73655 720720 IDOP LOSS T TFSITE RMER IND.f01NTI 3 EA EIECCN E O N Y 3640 32 265 P B LE CEC 620802*
74242 711231 ECIT HIN CODIANT EVEL NINEMIPr1 220 CC VESSEL E O Y Y 847 36 620 B G UX NMP 690905
75074 720817 IDOP LOSS & IDAD IACRESE 407 EA REIAYX C O Y Y 1863 39 50 B A SL DPL 670711
77916 721229 IDCA MAIFLNCTICN OF SEVERAL VALVES OTSTER CRK 219 CH MLVEX E O Y Y 1334 37 650 B G RB JCP ,690503
78418 730202 IDCA MLVE FAILtRE 10 OFEN DURING TESTING MA.BNEE 309 SF VALVEX E T N N 102 3d 825 P C N MAY 721023
79565 721201 IDOP LOSS T NOR4AL STATICN 10WER Vr YANEE 271 EB MAIEF E O N Y 252 32 514 B G EX WC 720324
80138 720610 IDOP FIDODING OF 1MBINE BUILDING QUAD-CES1254 CF FUMPXX G O Y N 236 34 789 B G SL CWE 711018
81523 730618 LOFW FAILtRE OF APW RMES 10 ALTTO-6 TART TKY.f0 INT 4 251 SP F MU B O Y N 7 29 693 P W BX FPL 730611

______ _



- _ _ _ _ _ _ _ _ _ _ _ _ _ - _

Table B-1. (Continued)

153003 791024 LOCA FAILtRE M ROfERLY POSITICN MLVES AFTER TEST OCWEE 2 270 SH VALVEX E O Y N 2173 43 887 P B UX DEC 731111
153164 790328 ILFW IOSS OF FEENATER & OPEN PORV 'rMI 2 320 CJ VALVEX E O Y Y 365 00 906 P B BR Mtc 780326*-
153167 790926 IOOP LOSS & STAN[BY POWER SOLRCE DLRING fMR ORtT OCCNEE 1 269 EE ENGINE E O N N 2351 52 887 P B UX DPC 730419
153167 790926 LOOP LOSS & STANDBY PCMER SOIRCE DLRING IWR ORT OC(NEE 2 270 EE ENGINE E O N N 2145 52 887 P B UX DIC 731111
153333 791115 LOFW APW IMAVAIL DUE 10 MAINTENUCE Am INSPECTICN COOK 1 315 SF PLNPXX G T Y N 1762 40 1054 P W AE IME 750118
153338 791101 LOOP I!CCRRECT DIESEL TIERAltR MAINT. WHILE REFLEL COOK 2 316 EE ENGINE H O Y N 601 67 1100 P W AE IME 780310 .

153686 791127 LOOP DG AIO CHARGING EMP SLET MLVE LNAMIIABIE BVRMIIEY1334 EE ENGINE E O Y N 12% 71 852 P W W Dtc 760510 :
153810 791120 LOFW RCIC 11RBINE 1 RIP WI1H HPCI LNAMIIABIE BRLMEMICK1325 CE MICFIN E O N Y 1139 25 821 B G UE CPL 761008
154286 791128 IOCA CNE IMP FAILED + 1 DEG4AED IN CID Sif1TN SAIPN 1 272 SF PLNPXX G O N N 1082 35 1090 P W UX PEG 761211
154639 791209 LOOP BCHH DIESEL GEPERA10RS INOPERABIE DVS-BESSE1346 EE ENGINE G T N N 849 73 906 P B BX TEC 770812

i

ABBREVIATICMS:

ACCESS: 6 DIGIT NSIC ACCESSICN NtDGER
E DATE: EVENT DA1E
SEQ: SEQJEICE CF INTEREST FCR 1HE EVEKr

ECIT - E)CESSIVE CODIANT INVEN1tRY
EQJK - EAR 1HQJANE

w INAA - INADWERTANT AIE AC1tRTICM
* ILPW - IDSS T FEINATER

IDOP - LOSS T TFSITE RMER
LOCA - ILSS & C00! ANT ACCIDENT
IRTR - IDC'ED RCHUR ACCIDENT
MSIB - MAIN S1EAM LINE BREAK
RCPT - REAC10R CODIANT RMP 7 RIP
SCIR - STEAM GDERA10R 11BE RtFrtRE

ACRRL OCCtRRDCE: IESCRIPTICM OF EVENT
PIANT NpME: IW1E OF P! ANT AIO LNIT NLDEER

DOC: PLANT DOCMET NLDEER
SY:SYS11N ABBREVIATICN:

STAIOARD
GENERIC
CODE SYSTEM ESCRIPTICN

REAC10R
t

RA REAC1TR VESSEL INIERDAIS
RB REACTIVITY C(NIDOL SYSTEMS
RC REAC10R C(RE

. . . . . .
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PRECURSOR DESCRIPTION AND DATA

*
NSIC Accession Number: 153164

Dater March 28, 1979

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

s

The failure sequence was:
1. A condensate pump trip while at 99% 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 cooling 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 containment..

Design purpose of failed system 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 inoperable.

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

Lnava11 ability at system per WASH 1400:* AFW: 2.5 x 10["/D(start +8 hours)
HPI: 1.2 x 10 2/D

Unavailability of compon(nt p=r WASH 1400:* PORV, failure to reseat: 10-2/D

| general human error: 5 = 10~3/D

i

.

.

Unavailabilities are in units of per demand D'I. Failure rates are in
units of per hour liR*1,.

j

|

Exhibit B-1. Precursor description and data ;

I
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l
i

The failure sequence was: (continued)

6. Between one and two hours after turbine trip, the operator stopped 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. .

.

.

,

.

|

|
;
'

.

1

!

Exhibit B-1. (Continued) >

| 40



I

_

e

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS
'

e

NSIC ACCESSION NUNBER: 153164,

DATE OF LER:

DATE OF EVENT: March 28, 1979

-

SYSTEM INVOLVED. reactor coolant system, auxiliary feedwater, high pressure injection

COMPONENT IN70LVED: pilot operated relief valve

CAUSE: stuck open FORV, isolated AFW system, operator errors related to high pressure
injection and RC pumps, human error

SEQUENCE OF INTEREST: loss of feedwater

ACTUAL OCCURRE';CE: loss of feedwater ar.d subsequent failed open PORV, degraded APW
| system, failed high pressure inj action, and RC pump trip result

REACTOR NAME: I in core da===e.
Three Mile Island 2

DOCKET NUMBER: 50-320

REACTOU TYPE: PWR

DESIGN ELECTRICAL RATINC: 906 We*

REACTOR ACE: 1,0 yr

VENDOR: B&W.

ARCHITECT-ENGINEERS: Burns & Roe

OPERATORS: Metropolitan Edison

LOCATION: 10 mi SE of Harrisburg, Pa.

DURATION: N/A

PLANT OPERATING CONDITION: 99% power

SAFETY FEATURE TYPE OF FAILURE: inadequate performance; @ failed to start;
made inoperable; (d)

DISCOVERY METHOD: operatiot4al event

C0KiENT: A formal LER on this event has not been received at NSIC.
,

|
.

1

Exhibit B-2. Categorization of accident seqdence precursors

41
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Reactor at Main feedwater PORV lifts Auxiliary feedwater Decreasing Increasing Operator Potential
99% power pump trip. loss and sticks flow temporarily RCS pressure pressurizer stops Severe
and condensate of feedwater open unavailable due to results in level indica- reactor Core
ptssp trip and consequent closed AFW valves HP1 initiation tion causes coolant Damage

turbine / reactor (8 minutes) operator to pumps
trip infer an because

increasing of pump
pressurizer vibration
level and
throttle
back HPI

Yes

t>
s5 No

|d$

Nod.:"
Si

-

Yes

4. db :.
ts - No-:

:' No
-

d'
_

{
, No - 8 minutes ,

Initiation.

-' time ade-

[ quate to
prevent
core damage

No

No

NSIC 153164 - Actual Occurrence for Core Damage and Radioactivity Release Occurs at Three Mile Island 2

Figure B-2. Actual occurrence event tree.
>
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1

1

-Table B-2. Summary: equipment and components identified as significant contributors
based on ASP report

i

1

Plant Type: PWR
Category: Valves ,

a

Precursor Frobabil tty
Accession Measure *

Mumcer initiator Af f ected System
(45fC) Plant Event 1 Probability or Component Event Cause

59484 point Beach-1 torw 28 1,$st.3 Sump tsolation system Valves f ailed shut

65757 Point Beacn 1 LOFW 35 3.16E-4 Sump tsolation system Valves failed shut

llush mancho Seco LOF u 35 3.16(-4 Sump tsolation system valves failed shut

153164 TMI.2 LOFW l 1 Reactcr coolant, feeo. PORV stuct open af ter
water and auntltary multiple trips

feedwater system

149250 Trojan M5L88 16 2.51E-2 5 team system Main steam isolation valve
f ailed to close; crud or
hardened packing

97107 lion-2 MSLB 36 2.51E.4 HPl* boron injection 8 train #alve f ailure
f ailure

130788 Davis Besse I LOCA 29 1. 29E.3 Feed =ater end primary Spurious signal caused trip
coolant system and underpower; PORV stuck

open

137918 TMI-2 MSLB 22 6.31E-3 Steam and instrument Instrumentation spike caused
systems reactor trip; steam relief

stuck open

148764 Seaver Valley 1 MSLB 29 1.26E.2 Steam system Air dampers igroperly
positioned; fce formation
causes steam dump valve to
freeze in open position

.

%

e

N
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Table B-2. (Continued) |
i
i

Plant Type: PWR
'

Category: Pumps
.

PrecursurTETTE
Accession Measure

e %ater initiator
-~

Attected System

d%51C) Plant Etent SC Prob bilitL or Conponent E ver.t Cauw

91676 turkey Point.3 L0ra 16 2.51E 2 f eedmater system avertightened paca ings

133706 Davis besse.1 Lof'. 16 7. 51E -2 Loss AFW pure coritrol Mechantcal binding

133705 F ar ley (OF W 19 1.26E.7 Feedwater system Turbine pumps f all to start

1542E6 Sa lem.1 L 0f 's 35 3.16F.4 Saf ety injection system Saf ety injectica p;srps
inopera01e fallec

103077 Rob in son.2 Small 26 P.SIE.3 Primary coolant system Reactor coolant pump
LOCA shaf t seal f atigre

69/05 Surry 1 LRTpo 30 1.00F.3 Reactor coolant pump Pump shaf t brose

o

D

.
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Table B-2. (Continued)

Plant Type: PWR
Category: Instruments

.

Precursor ProDaDig ity
Measure

Accession Affected Systes
Number - Initiator
(NSTC) Plant Event 1 Probability or Component twent taase

138830 Rancho Seco L0fW 06 2.51E 1 Auxiliary feedwater Non-nuclear instruments
cause insufficient flowsystem

e

4

9

e
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Table B-2. (Continued)

Plant Type: PWR
Category: Electrical: Controller, Fuses, Breakers, Relay and Cables

.

Precurscr Probablilty

Accession Measure
Number initiator Af fected System

* (N5tC) Plant Event 1 Probability or Ccmponent Event cause

91676 Turkey Point.3 L0fW 16 2.51E 2 Feedwater system Malfucctioning controller

133706 Davis Besse.1 LOF a 16 2.51E.2 Loss Afh feedpump Blewn fuses: controller
control power

61565 Palisades LOOP 22 6. 31 E .3 Site power Failed relay cause tripped

61757 Point Beach.) LOOP 28 1. 5E .3 Site power Breaser opening line

71694 Palisades LOOP 32 6.31E.4 Site power spurtuus relay operation

82198 f orkey Point-3 LOOP 39 1.26E.4 Site power unconnected wire (caole)

85370 Ginna LOOP 28 1.58E - 3 Site power Line trtp cue to high

generated power

93702 Turkey Point.4 LOOP 32 6.31E.4 Site power Sneak circuit and isolated
start-up transfer

97578 Palisades LOOP 33 5.01E.4 Site power Spurious relay operation

125563 St. Lucie.1 LOOP 34 3.98E.4 Site power Grid disturbances

128935 Ft. Calhoun LOOP 32 6.31E-4 Site power Defective relay reset
mechanism

132943 Paltsades LOOP 32 6.31E 4 Site power "R" has de-energized

132958 Palisades LOOP 32 6.31E 4 Site power "R" bus de-energized

137543 Calvert Cliffs 1 LOOP 23 5.01E -3 Site power Switch yard protecttve relays

140335 Beaver valley l LOOP 23 5.01E 3 Site power Main transformer f aults ano
igroper relay operation

e

152181 5t. Lucie-1 LOOP 25 3.16E.3 5tte pcwer Switch yard f atture

152951 Davis Besse-1 LGOP 36 2.51E.4 Site power Switch yard f ailure

103207 Turkey Poir,t.4 LOOP 39 1.26E .4 Emergency site power Diesel generators f ailed to
1034; breamer and relay f ail.

150862 Crystal River LOOP 30 1.00E - 3 Emergency site power Diesel trip during test;

reactive load iscalance

141097 TMI-2 Small 30 1.00E.3 Primary coolant system In.erter f ailure; cpen PORV
LOCA

97107 lion.2 MSL8 36 2.51E.4 NP!; boron injection A train power supply f atture
fatture

pressure reitet systems signal caused plant shutdown,
primary relief stuck open
during plant depressurization

161906 Quad Cities.2 LOFW .. .. RCIC and HPCI systems Faulty torque settch on ACIC
inoperable discharge isolation valve.

Oil leak in NPCI turbine stop

valve

166082 Brunswick-2 LOFh .. .. HPCI system valve RCIC HPCI injection valve f ailed
system speed control in open posttton; f atled

wind)..gs resistor f ailed in
RCIC speed control governcr

,

9

47



Table B 2. (Continued)

Plant Type: PWR
Category: Maintenance and Test

.

Precursor Pr0babill'y
Accession Measure

Number Initiator Affected system
(h51C) Plant Event 1 Probability or Component Event cause

*
90421 Point Beach 1 LOFW 16 2.51E-2 Feedwater systems Clogged strainers

108078 Keuaunee LOFW 16 2.51(-2 Feedwater systems Clogged strainers

64600 Indian Point-1 LOOP 12 6. 31E -4 System substation Single transformer tripped
transformer during inspection of second

transformers; procedures
changed

103111 Oconee-3 LOOP 40 1.00E 4 Condenser system Discharge select valves
improperly positioned;
inaaequate proceoures

LOOP 30 1.00E-3 Plant service water Plugged strainers (strainer120293 Hatch 1 *

drive motors also f ailed)

153333 Coca 1 LOFW 40 1.00E-4 Auxiliary feedwater Motor control center was
removed for service
inspection while AFW pump mas
out of service for repair

s

4

.

.
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Table B-2. (Continued)

Plant Type: PWR
Category: Systems and Miscellaneous Hardware

.

Precurscr Prouaollity
Accession Measure

Namber initiator Affected Systee

i45fC) Plant Event 1 Probao111ty or Component Event Cause*

152563 Pratre 151and.1 SGTR 27 2.lX)E-3 kCC and steam supply Steam generator tube break
system

.

D

a

I e

I

i

i
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Table B-2. (Continued)

Plant Type: PWR
Category: Weather

.

Precursor Proodbliity
Accession Measure

humber Initiator Affected System
(NSIC) Plant Event 1 Probabil t ty or Component Event Cause .

18418 Maine Yankee LOFW 34 3.98E-4 Charging system Ice formation causes charging
pump valves to fail open

117944 M111 stone-2 LOOP 32 6.31E 4 Site power Hurrican and salt spray

130111 Cook-1 LOOP 39 1.26E-4 Site power Multiple lightening strikes

130119 Palisades LOOP 32 6. 31E -4 Site power Electrical storm

135006 F arley LOOP 32 6.31E-4 Site power Lightening strike caused
relay operation

143219 Indian Point-3 LOOP 33 5.01E-4 Site power Severe electrical stores

e

4

9

e

(
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Table B-2. (Continued) I
1

1
1

Plant Type: PWR
Category: Human Error

.

precursor Probability

Accession Measure
Nureer Initiator Af fected System

* (MSIC) Plant Event 1 Probab il t ty or Component Event Cause

137305 F arley LOFW 19 1.26E -2 Feedwater system Open bjpass valve; turbine
pump plumbing

81523 Turkey Point-4 LOFW 29 1.26E-3 Feedwater system Fuses not installed

153164 TM1-2 LOFW 00 I Auxil tary f eeowater Erroneously closeo valves
system

153164 TMI-2 LOF W 00 t High pressure injection Flow incorrectly reasced
system

132927 Davis Besse-1 LOOP 29 1.26E - 3 Site power Prematurt manual transfer

139565 St. Luc te-1 LOOP 23 5.01E-3 Site power improper settching and
ccnnections

63144 Rob tr son-2 LOOP 29 1.26E-3 Emergency power Diesel generator didn't run
due to instrument re-routing

116212 Mills tone-2 LOOP 20 1.00E-2 Emergency power Safety busses f ailed to load
due to incorrect undervoltage
set points

145209 Fort Calnoun Small 37 2.00E-4 Primary coolent Technician removed fuses
LOCA during trouble-shooting;

causes open P0llV

36147 Hadoen heck LOOP 28 1. 58E - 3 Reactor system; trip Procedural error caused trtp

115875 Connetticut Yankee LOOP 29 1.26E - 3 Site electrical .4atntenance switching caused

,

spurious signal

123116 Rancho Seco LOF W 36 2. 51E - 4 Auxiliary feedwater Failure to properly reset AFW
pump breater

,

127284 lion-2 LOCA 29 1.26E-3 Reactor protection System logic test dumy loads
system improper; procedures changed

146744 Davis Besse 1 LOFW 30 1.00E -3 Hydrogen analyzer Accidental grounding of
' system electrical system causes loss

.
of vital bus and trip

148764 Beaver Valley 1 MSLB 23 1.26E - 3 Steam dump and heater Ice formation causes steam
dram duro valve to freeze open;

air dampers improperly
positioned

1

|
|

e

e
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Table B 2. (Continued)

Plant Type: BWR
Category: Pumps

.

Precursor Frobability
Accession Measure

Number inttiator Affected System
(N$1C) Plant Event 1 Probability or fogonent Event fause

,

105540 Quad Cities-2 LOCA 38 1.60E-4 Feedwater system pug Extreme feedwater pump
and piping vibration caused suction line

pipe fitting breakage
106333 Quad Cities-2 LOFW 31 7.90E.4 Reactor core isolation Failed auxillary lubrication

cooling and high oil pug Inne
pressure coolant

injection systems

e

e

e

e

4
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Table B-2. (Continued)

Plant Type: BWR
Category: Valves

e

FrecurTir'Tr'oVabTTIty
Accesticn Measu,e

-

Affected Systemhmber init,atoe
'

,
p5IC) alant Ev?nt SC probability or component Event cause

66% ' Mllistone-1 LOCA 27 2. (*A - 3 Reactor coolant and Turbine control system
turbine systems malfunctioned: primary

relief valve stuck open

77916 Oyster Creek LOCA ;7 2.00E 4 Reactor coolant and Human error caused reactor
generator monitoring scram and relief valve to
protective system stick open

65738 Browns Ferry 1 LOF's 25 3 20*-4 Reactor core isolatton RCIC steam supply valve
;ooling and high f ailure to open during

p-essure coolant startup test

iejection systems

106616 Ptigrim 1 LOOP 30 1.00E 3 Reactor coolant and Turbine trip on reactor shut-

steam supply systems down; resultant reactor trip
and relief valve stuck open

115870 Veemont Y sotee LOCA 23 1. 60E -3 Automatic depressuri- Failure of air operators
zat non system f ailure on relief valves

l'Da39 Quad Citiet 1 LOFw 33 5.00E-4 Automatic depressuri- Electromatic relief valves
,

zation system failure f ail to open

-120443 Ouad Cities - 'thf w 28 1.65F -3 Automatic depressuri- Electromatic reitef valves
zati6a system f ailure f ati to open

124222 Duane A-nold LOF h 28 1.60E-3 tone: beg h tests 6 each main steam relief
valves f ailed to open during
bench tests

128569 Brunswick-2 LOCA 27 2.uCE-3 nrtinne, reactor, and Safety relief valve 'atled
reactcr coolant systems to close during pressure

control
e

149961 Hatch 1 LOTW 19 1.20i-2 RCir anst h?CI systems Failed turbine stop valve

158229 Cres# 1 L OF 'm -- -- Scram mcharge system level detector switch f ailure
and vent check valve f ailure

160497 etiv im l MSLS -- -- Reactor roolant system High pressere setting on, and*

leatage thru solenoid valve
caused primary relief valve
to open and leakage from RCS

160559 Pilgrim 1 MLB -- - Reactor coolant system Nitrogen pressure regulator
frozen in open position

causes RCS relief valve to
open and leatage from RC5

160926 Pilgrim l MSL B -- -- 'teactor coolan' and Main steam Inne high radiation

123150 Crystal River-3 MSL S 49 1.29E - 3 Steam system Inverter 8 output otvide
f ailed caused steam dump

142462 Sales 1 LOCA _ 23 . 5.0 *: 3 Electric 4, RCS. and AFW Failure of output transformers
and resistors

152183 Hadden Neck LOCA 36' 2. 51E -4 RC system and pressure- Pressurizer pressure

irer controller f ailed:
pressurtred FORy openeu

o

*
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Table B-2. (Continued)

Plant Type: BWR
Category: Instruments

,

Precurscr ProbablInty
Accession Measure
Numbey Initiatnr Af fected System =
(451C) Plant Event 1 Probability or Component Event cause

150499 Hatch-2 LOFW 36 2.50E-4 Steam supply. HPCI and During test HPCI and RCIC
RCIC systems were isolated because aP

switch was set too high

b6229 Oresden-3 LOFW .. -- Scram system vent check valve and level
switch mechanical f ailures

163478 Hatch l LOFW -- -- HPCI speed controller Erroneous high water level
and RCIC trip switch signal for reactor tripped
and relay feedwater pumps subsequently

resulting tn scrais

-

1

,

e- ~

t

e

|

|
t

e

54



{
,

'

c

. N

f.

Table B-2. (Continued)

Plant Type: BWR
Category: Electrical: Fuses, Connectors

.

Pr+%gesor seJ0dD11tLy

ALCesstun Measur e
unner {| O t t ator Affected System

_ '(h5 f C ) Plant twent 5C resbab t it ty or component Event rause
,

122906 Cooper 't7d G 1.20E .2 Electrical pc.er, feea- Blo n fuses on "no creas"
.ater. HPCI. and RCIC power panel; HPCI governor
systems not f unctioning,_.

1538!0 Brunswick.1 LOFW 25' 3. 2M -4 Reactor, RCIC, HPCI and Cracked electrical connector
tu bine on turbine tachometer5 ' r

a

$
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Table B-2. (Continued)

Plant Type: BWR
Category: Maintenance and Test

.

Precursor Probability

Accession Measure
Number Initiator Af fected System

*

(MSICL Plant fvent _5{ probabilitL or Component Event cause

163405 Browns Ferry-3 LOFW -- -- Reactivity control: Approntmately 76 control rods
scram discharge volume f ailed to insert fully on

scram due to poorly designed
scram discharge volume level
switch system

163478 Match-I LOFW -- -- HDCI speed controller HPCI: turbine speed
RCIC trip switch and cuntroller cut of calinration;

relay caused high steam AP: RCIC
limit switch and/or relay

faulty

166072 Brunswick l LOCA -- -- Service water system Sea life (oyster shells)
cloggeo water intane duct

85566 Browns Ferry l LOOP 25 3.20E-4 RCIC and HPCI systems AC power loss during shutdown
due to poor electrical pvwer
tripping logic. Poor oesign

6

a

G
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Table B-2. (Continued)

Plant Type: BWR
Category: Systems and Miscellaneous Equipment

,

Precursor Protability
ACCESSION

~
Measure

NumDer ]nitiator Af fected System
(NSIC) Plant Event 1 ProcaDility or Component Event Cause

,

(u items in this category identified for s.as)

.

e

a

s
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Table B-2. (Continued)

Plant Type: BWR
Category: Human Error

,

Frecursor Pr0 Lability
Accession Measure

humber Initiator Affected System
,

(N5fC) Plant Event 1 Prctat t i t ty or Component Fvent cause

116780 Millstone-1 LOOP 28 1.60E - 3 Electrical power system LOOP due to salt buildup on
lines ano insulators.
Subsequent trip due to
auxtitary generators out of
phase

160497 Pilgrim-1 MSL6 -- -- Reactor coolant system Pressure settlag on solenoid
valve to RCS relief valve too
high; relief opened causing
RC5 leauage

86990 Nine Mlle Point-1 LOOP 39 1. 30E -4 Electrical power system Electrician bumped relay in
austliary control room
causing it to open and a LOOP
for 10 second curation

102146 Brunswick-2 LOOP 39 1.30E -4 Electrical power system 230 KV busses tied
incorrectly causing LOOP: tie
corrected

101444 Browns Ferry 1 LOFW 04 4.0E - 1 Electrical distributton Cable tray fire causes

anomalous control and
instrument behavior.
Operator scrams reactor.
Fire due to inspection of
cab ling.

83833 Oyster Creek LOOP 37 2.0E-4 Electrical power system Otfferential relay on
4160 VAC bus improperly set
curing maintenance

e

e

4

f
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Table B-2. ' (Continued)
.

Plant Type: BWR
Category: Weather

a

Precursor Probability
Accession Measure
k.pter I n t t t ator Affectec System,

lhg Plant Event SC Procab ilit y or Tonyc.nent Event Cause

116780 Millstone-2 LOOP 28 1.f 0f .3 (lectrical power system Salt buildup on lines and

insulators caused LOOP

P. Main steam llA * break (4$lB).

b. LL<teo rotor (LRTR).

c. Rectrculation (RC).

e

e
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