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NOTE

This document is bound in two volumes: Vol. 1
contains the main report and Appendixes A, C, D,

E, and F; Vol. 2 contains Appendix B.




ATWS
AUO
BIT
BWR
BWST

CFT
CRD
CST
CcvCs

DH
DNBR
ECCS
EDG
EFW
EHC
ESF
ESFAS
ESW
HPCI
HPCS
HPI
HPSW
HX
ICS
ID
IE
LCO
LER
LOCA
LOFW
LOOP
LPCI
LPR
LPSI
MFW

MSIV
MSLB
NNI

NPSH
NRC

NSIC
NSST
PORV
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LIST OF ACRONYMS AND INITIALISMS

automatic depressurization system
auxiliary feedwater

anticipated transient without scram
assistant unit operator

boron injection tank

boiling-water reactor

borated water storage tank
component cooling water

core flood tank

control rod drive

condensate storage tank

chemical and volume control system
demand

diesel generator

decay heat

departure from nucleate boiling ratio
emergency core cooling system
emergency diesel generator
emergency feedwater
electrohydraulic control
engineered safety features
engineered safety features actuation system
emergency service water
high-pressure coolant injection
high-pressure core spray
high-pressure injection
high-pressure service water

heat exchanger

integrated control system
identification

inspection and enforcement
limiting conditions for operation
Licensee Event Report
loss-of~coolant accident

loss of main feedwater

loss of offsite power

low-pressure coolant injection
low=-pressure recirculiation
low-pressure safety injection
main feedwater

motor generator

main steam isolation valve

main steam line break

nonnuclear instrumentation

net positive suction head

Nuclear Regulatory Commission
Nuclear Safety Information Center
normal station service transformer
pilot-operated relief valve



PSRV

PWR
RBCCWS
RBEDT
RC
RCIC
RCP
RCS
RHR
RPS
RSST
RWST

SCS
SOV
SFAS
SI
SIAS
SIV
SLBIC

SWC
TVA

pressure safety relief valve
potential transformer
pressurized-water reactor

reactor building closed cooling water system
reactor building equipment drain tank
reactor coolant

reactor core isolation cooling
reactor coolant pump

reactor coolant system

residual heat removal

reactor protection system

reserve station service transformer
refueling water storage tank
refueling water tank

shutdown cooling system

scram discharge volume

safety features actuation system
safety injection

safety injection actuation system
scram instrument volume

steam line break instrumentation and control
startup

service vater

saltwat:r cooling

Tennessee Valley Authority

pressure differential
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Appendix B

PRECURSOR SUMMARY SHEETS AND EVENT TREES

Fifty-eight PWR and BWR events for the years 1980 and 1981 were
selected as precursors to potential severe core damage, basad on the
selection methods and criteria described in Vol. 1 of this report.

These precursors are documented herzin. For each precursor, four items
are included.

1. A precursor description and data sheet lists the report date,
briefly describes the precursor event, identifies what corrective action
was taken after the even', and describes the purpose of the failed sys-
tem or component.

2. An actual-occurrence event tree descries the major functions
associated with the reported event which maintained the plant in a safe
condition. Failed items on these trees are identified by hatch marks.
The actual sequence of the event is indicated by arrows on the appropri-
ate tree branches.

3. A sequence-of-interest event tree describes safety-related
functions required to prevent severe core damage for a postulaied ini-
tiating event. The choice of postulated events is discussed in Vol. 1
of this report. Four degraded or failed-function states are indicated
when applicable on the sequence-of-interest tree:

® degraded (D) — when a safety-related function is degraded;

® consequently degraded (CD) — when a safety-related function is
degraded as a consequence of a degraded or failed associated function,
for example, when an auxiliary feedwater function is degraded during a
loss of offsite power because of a diesel generator failure;

e failed (F) — when a safety-related function fails;

® consequently failed (CF) — when a safety-related function fails as a
consequence of a failed or degraded associated function, for erample,
when an auxiliary feedwater function fails because of the failure of
both plant emergency diesels during a loss of offsite power (if all
auxiliary feedwater pumps are motor driven).

In addition to the four states discussed above, arrows are used in the
sequence-of -interest event trees to indicate an inherent unavailability
of a particular function at a plant, for example, turbine runback capa-
bility following a load rejection from 100%Z power (which does not exist
on all PWRs).

4. A categorization of accident sequence precursors sheet lists
characteristics identified for each precursor. These characteristics
have been used in trends analyses. In this listing, the entry for
DURATION includes "estimated” if an assumed value (based on testing
interval) was used because an event-specific value was unavailable.

The 58 precursor descriptions are arranged in numerical order of
the associated NSIT accession number. Table B.l lists the precursor
events sorted by accession number. The last columm provides page num-
bers for this volume.
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Table B.l. Index of potential precursor descriptions

NSIC
accession Description of actual occurrence Plans Page

sunbey name number

154451 Pressurizer pressure relief valve opens Haddam Neck B=4

154674 Loss of offsite emergency power Calvert Cliffs 2 B-8

155475 Loss of service water system. San Onofre 1 B~12

156204 Three of four MSIVs fail to close Tro jan B-16

158228 Storm caused breaker operation and trip Prairie Island 2 B-21

158229 Failure of SDV vent ¢heck valve and Dresden 3 B-25
levél switch

158231 ADS valves fail to operate Dresden 3 B-30

158232 Lightning strike on transmission tower Indian Point 2 B-34

158233 CCW lost to RCP seals St. Lucie 1 B-39

158279 Cavitation of EFW pumps Arkansas 2 B-44

158650 Air ine leak fuils service water Calvert Cliffs 1 B-48
system

158860 Loss of two essential buses Davis—Besse 1 B~53

159134 Ground fault on grid and overload trip Arkansas | B~58

156136 Ground fault on grid and overload trip Arkansas 2 B-62

159347 Steam flow transmitters left isolated Surry 2 B-66

160453 Loss of control power to diesel Davis-Besse | B~70
breakers

160497 Reactor vessel relief valve opens Pilgrim 1 B-74

160532 Component cooling water inoperable Pilgrim 1 B-78

160559 Reactor vessel relief valve opens Pilgrim 1 B-82

160846 Loss of 24~V dc to nonnuclear Crystal River 3 B-86
instrumentation

160926 Relief valve stuck open Pilgrim 1 B-91

161601 Loss of service water to diesel Salem 1 B-95
generators

161649 Two diesel generators unavailable Sequoyah 1 B-99

161906 RCIC discharge isolation valve fails Quad-Cities 2 B-103
to open

162083 All ESFAS RWT instrumentation Arkansas 2 B-107
inoperable

163356 Station batteries output breakers Palisades B-111
opened

163405 failure of 76 control rods to insert Browns Ferry 3 B-116

163478 HPCI and RCIC fail to start Hatch 1 B-122

163499 Reactor coolant pump seal failure Arkansas 1 B~126

164149 Letdown relief valve leaks in an LOFW Robinson 2 B~131
event

164453 LOOP and degraded load shed capability San Onofre 1 B-136

164617 Loss of dc power and one diesel Millstone 2 B-140

164703 Transmission to offsite network Lacrosse B-147
interrupted

164955 HPCI and RCIC inoperable Hatch 1 B-151

165438 DG ecircuit breakers fail to close Hatch 1 B-155

165900 Pressurizer PORV and block valve open Haddam Neck B-159
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Table B.l (continued)

NSIC
Plant e
accession Description of actual occurrence Same ml g
number
166072 RHR heat exchangers damaged Brunswick 1 B-163
166082 Loss of RCIC and HPCI systems Brunswick 2 B-168
166384 Loss of 4.16-kV bus network Monticello B-172
166650 SI water supply valve unlocked and Beaver Valley 1 B-176
closed
166745 Two shutdown sequences and one DG Palisades B-180
unavailable for short time
167117 Low switchyard voltages Rancho Seco B-184
167611 Inadvertent loss of RHR system and RCS Sequoyah 1 B-188
blowdown occurs
167624 LOOP and failure of one diesel to start Crystal River 3 B~193
168548 Switchyard voltage drops below low Rancho Seco B-197
limit
168829 Safety injection valves fail in an LOFW San Onofre 1 B-201
event
169042 LOOP and failure of HPI valve to open Arkansas 1 B~206
169587 BIT flow path to RCS obstructed Turkey Point 4 B-210
170098 Two BIT inlet valves fail to open Salem 1 B-214
170199 Unavailability of both CCW trains Kewaunee B~219
171202 Both diesel generators unavailable Turkey Point 3 B-223
171667 Loss of vital bus Davis-Besse | B-227
171700 Emergency power unavailable €an Onofre 1 B-232
171733 Auxiliary feedwater pumps fail to Zion 2 B-236
auto=-start
171842 Insufficient cooling to DG heat Dresden 3 B~240
exchanger
171939 All steam dump valves opened after a North Anna 2 B-244
scram
172198 MSIV closure and safety welve lift St. Lucie 1 B-248
174073 Stuck open relief valve Duane Arnold B~-252




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 154451
Date: February 12, 1980
Title: Inadvertent Opening of PORV at Haddam Neck

The failure sequence was :

I. With the reactor at full power, spurious signal to the PORV and its
isolation block valve was initiated in Pressurizer Pressure Control
Chennel 1.

2. Both valves opened and the RCS depressurized to 1992 psig.

3. The PORV and its associated block valve were remote-manually closed
within approximately 10 seconds of the start of the transient. RCS
pressure was restored to greater than 2uJ0 psig within 2 minutes,
terminating the transient.

Corrective action:

Investigation and testing did not reveal the source of the
problem. The channel and valve controls were placed in the normal
operating mode.

Design purpose of failed system or component:

PORVs are designed to prevent challenges to the main safety valves
and to assist in control of RCS pressure,
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 154451

LER NO,: 80-04/3L

DATE OF LER: February 12, 1980

DATE OF EVEN1: February 4, 1980

SYSTEM INVOLVED: Pressurizer relief system
COMPONENT INVOLVED: PORV and block valve

CAUSE: Spurious actuation signal

SEQUENCE OF INTEREST: Small break LOCA

ACTUAL OCCURRENCE: Inadvertent opening of a PORV and block valve
REACTOR NAME: Haddam Neck

DOCKET NUMBER: 50-213

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 580 MWe

REACTOR AGE: 12,5 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Stone and Webster
OPERATORS: Connecticut Yankee Atomic Power Co.
LOCATION: 13 miles east of Meriden, Connecticut
DURATION: N/A

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Inadequate performance;
inadvertent operation

DISCOVERY METHOD: Operational event

COMMENT: Actuatlon logic for the PORV and block valve has been modified
from a one channel pressure signal to a 2 out of 3 channels to
prevent spurious actuations.




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 154674
Date: February 8, 1980
Title: Emergenc’ Power System Unavailable at Calvert Cliffs 2

The failure sequence was:

1. With Uuit 1 in cold shutdown and Unit 2 at 100Z power, safety
injection was inadvertently initiated on Unit | during surveillance
testing, a result of a missed step in the survelllance procedure.

2. Unit ! SI components actuated, including all three diesel
generators.

3. SIAS was reset and the diesel generators shut down.

4., All SIAS actuation modules did not reset, because either individual
modules did not reset or because a technician at the ESFAS cabinets
interfered with the control room operator when he reset SIAS,

5. Both unit DGs continued to recelve a false start signal which
caused a start failure alarm.

6. This rendered the DGs inoperable in the event of another SIAS.

Corrective action:

The operators manually reset the ESFAS actuation modules and diesel
generacor start fallure relays at the respective local panels and
restored the DGs to service.

Design purpc .e of failed system or component:

The emergency power system is designed to provide emergency power
(three fe1cl generators) to both Units 1 and 2 in the eveat of a loss
of offsite power.




Unic 1 SIAS initiated Unit 1 and SIAS reset by All STAS actuation SIAS modules
in cold due to tech- Unit 2 operator and modules fail to and DGs reset
shutdown nician error diesel DGs shut down start, resulting
and Unit 2 during RPS generators in continued SIAS
at 100% functional start start signal to
power testing on the diesels and
Unit 1 initiation of a
start failure
alarm, rendering
the diesecls
inoperable
’
fr
1
|
$
NP S

NSIC 154674 - Actual Occurrence for Emergency Power System Unavailable at Calvert Clifts 2

Potential
fevere

Core

Damage

No

No - no LOOP
No

No

No - no LOOP
No

6-1
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 154674

LER NO,: B80-10/3L

DATE OF LER: February 8, 1980

DATE OF EVENT: February 2, 1980

SYSTEM INVOLVED: Emergency power system
COMPONENT INVOLVED: Three diesel generators
CAUSE: SIAS modules improperly reset

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Emergency powe® system unavailable
REACTOR NAME: Calvert Cliffs Unit 2

DOCKET NUMBER: 50-318

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 845 MWe

REACTOR AGE: 3.2 years

VENDOR: Combustion Englneering
ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Baltimore Gas and Electric

LOCATION: 40 miles south of Annapolis, Maryland
DURATION: 15 min

PLANT OPERATING CONDITION: Unit 2 at 100% power
TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Alarm/annunclator {n control room

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Acces fon Number: 155475
Date: March 24, 1980
Title: Total Loss of Saltwater Cooling System at San Onofre |

The failure sequence was:

l. With the reactor at full power and south saltwater cooling (SWC)
pump G-138 in operation, G=13B shaft falled due to excessive
vibration from worn bearings.

2. This resulted in low flow and low discharge pressure alarms in the
control room and auto start of aorth SWC pumps G-13A.

3. North pusp G-13A discharge valve failed to open due to an O-ring
Fallure caused by desiccant in the instrument alr lines. This
resulted In no flow from elther pump.

4. Auxiliary saltwater cooling pump G=13C was manually started from
the coatrol room but falled to develop sufficient flow because of
insufficient prime, and the pump was shut down,

5. The screen wash pumps were manually started from the local panel
and valves manually alig ed to discharge to the bottom component
cooling water (CCW) heat exchanger, which reestablished CCW
cooling,

6. Adequate prime was restored to SWC pump GlI-C and the pump was
placed in service,

Corrective action:

North SWC pump valve POV-5 was opened and the north SWC pump placed
in service. The auxiliary SWC pump survelllance testing was increased
from once per week to daily during low tide conditions.

Design purpose of falled system or component !

The salt water cooling system provides essential cooling flow to
the component cooling water system (RC pumps, RHR pumps, charging pumps,
recirculation heat exchanger).




R B e, el [

Auxiliary SWC pump
G-13C manually
started but fails
to provide flow
due to inadequate

Screen wash pumps
manually started
(locally) and re-
aligned te provide
flow te component
cool ing water heat
exc hangers

‘;T

B amee oo

Reactor at full SWC pump
power and loss G-134 starts
of SWC pump but discharge
€-138 due to valve fails
shaft failure to open
4
-
.
g
R
B
Pt
.

Potent ial
Severe
Core
Damage

No - but reactor shutdowm and
natural circulatiom coeol-
ing required without com~
ponent cooling water;
turbine cycle cooling
still available

No - turbine-driven APV pump
apparently self cocled

RSIC 155475 - Actual Occurvence for loss of Saltwater Cooling System at San Onofre 1

€14
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NSIC 155475 - Sequence of Tateres® for Loss of Saltwater Cooliang System at San Onofre 1
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 155475

LER NO,: B80-006

DATE OF LER: March 24, 1980

DATE OF EVENT: March 10, 1980

SYSTEM INVOLVED: Saltwater cooling system

COMPONENT INVOLVED: South pump, north pump discharge valve, auxiliary
pump

CAUSE: Pump and valve failures

SEQUENCE OF INTEREST: Loss of service water system
ACTUAL JCCURRENCE: Loss of service water system
REACTOR NAME: San Onofre |

DOCKET NUMBER: 206

LEACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 436 MWe

REACTOR AGE: 12,7 years

VENDOR: Westinghouse

ARCHITECT~ENGINEERS: Bechtel

OPARATORS:  Southern Callfornia Edison

LOCATION: 5 miles south of San Clemente, Call’ornla
DURATION:  N/A

PLANT OPERATING CONDITION: Full power

TYPE OF FATLURE: Inadequate performance;
fatled to start

DISCOVERY METHOD: Operational event

COMMENT :




B-16

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 156204
Date: August 29, 1980
Title: Failure of MSIVs to Close on Demand at Trojan

The fallure sequence was:

1. With the reactor in hot standby, three of four MSIVs falled to
close on demand during the annual surveillance test due to
sticking valve stems.

2, The plant was taken to cold shutdown.

Corrective action:

The short<term corrective action was to loosen the valve stem
packings and cycle the valves. Permanent corrective action was still
belng (nvestigated at the time the report was written,

Des i rpose of fal system or ¢ nt ¢

The MSIVs are designed to (solate the steam generators during a
steam line break to prevent excessive RCS cooldown,




Reactor iam hot standby
and MSIV surveillance

testing

Three of tfour MSIVs
fail to close due teo

sticking valve stems

Potent ial

Severe
Core
Lamaye

No - no demand for valve closure

NSIC 156204 - Actual Occurrence for Failure of MSI7s to Close on Demand at Trojam

(14
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 156204

LER NO.: 80-005 Rev. 1

DATE OF LER: August 29, 1980

DATE OF EVENT: April 11, 1980

SYSTEM INVOLVED: Containment isolation

COMPONENT [NVOLVED: Main steam isolation valves (three of four)
CAUSE: Fallure to close due to sticking valve stems
SEQUENCE OF INTEREST: Main steam line break

ACTUAL OCCURRENCE: Fallure of three MSIVs to close during testing
REACTOR NAME: Tro jan

DOCKET NUMBER: 50-344

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 1130 MWe

REACTOR AGE: 4,3 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Portland General Electric

LOCATION: 30 miles NW of Portland, Oregon

DURATION: 46 days (estimated)

PLANT OPERATING CONDITION: Hot shutdown

TYPE OF FALLURE: Inadequate performance

DISCOVERY METHOD: Survelllance testing
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COMMENT: Survelllance testing is conducted on these valves with no
steam flow through the valves. The valves utilize a swinging
disk which is assisted in seating by steam flowing through the
valves, The utility felt that these valves would have closed
with steam passing through the valves, although the utility
was not able to confirm that that would have been the case,
Main steam line check valves are provided to permit backflow
into the affected steam generator for certain steam line
breaks.,
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 158228
Date: July 29, 1980
Title: Loss of Offeite Power at Pralrie Island 2

The failure sequence wes:
Lo With Unit 2 st 100X power a severe electrical storm caused

operation of several breakers in the substation.

2. The unit generator separated from the grid and the resctor and
reactor coolant pumps tripped.

3. About § minutes later, the 345/161/13.8 kV No, 10 transformer
locked out,

4. The diesel generators started and provided pover to satety-related
loads.

Cogrective ection:

Offsite pover sources were restored.

Design putpose of falled systes or component

Offaite power provides the preferred source of power to safety~
related loads when the unlt generator s not avatlable,
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Power at Prairie Island 2

ESIC 1S807% - Actael “xcurremce for loss of Offsite
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 158228

LER NO,: 80-020

DATE OF LER: July 29, 1980

DATE OF EVENT: July 15, 1980

SYSTEM INVOLVED: Offsite power

COMPONENT INVOLVED: Switchyard and breakers, transmission lines
CAUSE: Electrical storm

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP

REACTOR NAME: Prairie Island 2

> DOCKET NUMBER: 50-306

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 530 MWe

REACTOR AGE: 5.6 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Pioneer

OPERATORS: Northern States Power Co.

LOCCATION: 28 miles SE of Minneapolis, Minnesota
DURATION: N/A

PLANT OPERATING CONDITION: Unit 1 at cold shutdown and Unit 2 at full
power

TYPE OF FAILURE: Made iroperable
DISCOVERY METHOD: Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 158229

Date:

July 28, 1980

Title: Scram Discharge Volume Fails to Drain and Alarms Clear at

Dresden 3

The failure sequeuce was:

l.

2.

3.

4,

S'

6.

Data on BWR scram system was being gathered as requested by IE Bul-
letin 80-17.

The reactor was manually scramed, and the system was aligned to
obtain data.

Approximately 8 minutes after scram the scram instrument volume
(S1IV) level instrumentation indicated that the scram discharge
volumes (SDVs) had drained.

Ultrasonic test, however, showed that the &4~inch piping of the west
SDV was still 80% full.

The ball check valve (vacuum breaker) on the west SDV alternate
vent path was found to be stuck closed.

The cause for the failure cf west side SDV drainage is believed to
be due to unavailability of the normal vent path combined with un-
availability of the alternate vent path. Both SDVs are normally
vented via a common header that is piped to a vented tank, the
RBEDT (reactor building equipment drain tank). [At the time of
this event the level in the RBEDT was reported to be above normal ,
such that the SDV vent header was emersed and could not be

vented. The east SDV would also have been prevented from draining
if its alternate vent path was not functioning (i.e., if its ball
check valve was stuck closed).]

Corrective action:

1.

2.

The west ball check valve was manually opened establishing a
positive venting path, and the SDV drained.

A daily ultrasonic test to verify SDV drainage and scram volume
availability was immediately implemented.

Both east and west ball check valves were removed and cleaned and
were shown to operate satisfactorily,

An alternate continuous vent path was established that only depends
on the SDV vent valves and not the ball valves.

Installation of a continuous water level monitoring system was to
be investigated.

Design purpose of failed system or component:
L

The scram system is designed to rapidly insert the control rods in

the evernt of required shutdown.




Test requested by
1E Bulletin 80-17
in progress

Eight minutes after the
réactor was manually
scrammed and the SDV
vent/drain valves had
been manually opened,
the level switches on
the scram instrument
volume cleared, indi-
cating that the SDVs
had drained

56 minutes after
the scram, ultra-
sonic testing
indicated the west
SDV still 80% full
due to unavailable
normal and backup
vent paths

Ball check v.lve

on west SDV vent
was manually opened
from stuck closed
position, allow-
ing SDV to drain

AL

MRS o

Potenticzl
Severe
Core
Damage

No - reactor
already
scrammed

NSIC 158229 - Actual Occurrence of the Scram Discharge Volume Fails to Drain and Alarms Clear at Dresden 3

9z~
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

.

NSIC ACCESSION NUMBER: 158229

LER NO,: 80-031

DATE OF LER: July 28, 198C

DATE OF EVENT: July 19, 1980

SYSTEM INVOLVED: Scram system

COMPONENT INVOLVED: Scram discharge volume

CAUSE: Mechanical failure of vent check valve and level switch
SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: Failure of scram discharge volume (SDV) to drain and
SOV level instrument to transmit correct signal

REACTOR NAME: Dresden 3
DOCKET NUMBER: 30-249

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 794 MWe

REACTOR AGE: 9.5 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Sargent & Lundy

OPERATORS: Commonwealth Edison

LOCATION: 9 miles east of Morris, Illinois

DURATION: 24 hours (estimated) (service failure duration would have
been controlled by emptying of the RBEDT. The duration is
based on an assumed RBEDT drainage once per day (24 h).

PLANYT OPERATING CONDITION: OX power (test scram just initiated)

TYPE OF FAILURE: Inadequate performance;
made inoperable;

DISCOVERY METHOD: Test required by IE Bulletin B80-17
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COMMENT: The 4-inch piping of the west SDV was reported to be 80%
full. Based on SDV piping information for Dresden 3 available
at NSIC, it appears that overall the west SDV was on the order
of 40% full, Even with the CRD seal leakage and bypass flow
accumulating nominally in excess of 5 gpm, the SDV may have
been able to accommodate at least a partial scram. See also
NUREG-0090, Vol. 3, No. 2.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Numb.r: 158231
Date: May 8, 1980
Ticle: ADS Valves Fail to Open at Dresden 3

The failure sequence was:

l. During startup on April 25, 1980, following the refueling outage the
3A target relief valve and the 3E relief valves failed to open
during surveillance testing. The air operator or thc 3A valve was
not properly attached. The leak-off line on the 3E electromatic
relief valve was obstructed. An orderly shutdown commenced. Valves
3A and 3E were repaired.

2. Startup resumed April 26, 1980; however, electromatic relief valves
3B and 3E failed to open at rated pressure during surveillance.
Shutdown commenced and the operators were adjusted.

3. Startup resumed but was terminated when valve 3B again failed. The
unit was brought to cold shutdown and 3B was examined and repaired
by replacing the pilot valve gasket and adjusting the stroke of the
ad justment arm on the pilot valve.

4, Startup resumed again; however, valve 3B again failed to open at
rated pressure. Shutdown was initiated and the valve pilot assembly
was replaced.

5. Startup began again; however, valve 3B still did not open at rated
pressure nor did valve 3C (April 29, 1980). The unit was brought to
shutdown and the valve problems investigated. The cutout switch for
the solenoid coils was binding on valve 3C. This switch was
repaired. The 3B valve was readjusted and the 3/4-in. pilot valve
bleed-off discharge line was replaced with a l-in. line. Similar
ad justments and line-size changes were made on all the electromatic
relief valves,

6., The unit was started successfully on May 3, 1980, with all valves
operating satisfactorily., HPCI was tested and proven operable on
each test throughout the event.

Corrective action:

All malfunctioning valves were repaired or replaced and tested to
demonstrate operability.

Improved valve design and system configuration was being evaluated
for implementation at the next refueling outage.

Design purpose of failed system or component:

The ADS system orovides for RCS depressurization to permit use of
LPCI and core spray in the event RCIC and HPCI are unavailable for core
cooling.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 158231

LER NO.: 80-021

DATE OF LER: May 8, 1980

DATE OF EVENT: April 25, 1980

SYSTEM INVOLVED: Automatic depressurization system
COMPONENT INVOL!ED: Relief valves

CAUSE: Design and equipment problems

SEQUENCE OF INTEREST: LOFW

ACTUAL OCCURRENCE: Automatic depressurization valves fail to open at
Dresden 3 ~

REACTOR NAME: Dresden 3

DOCKET NUMBER: 50-249

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 794 MWe

REACTOR AGE: 9.2 years

VENDOR: General Electric
ARCHITECT-ENGINEERS: Sargent & Lundy
OPERATORS: Commonwealth Edison

LOCATION: 9 miles east of Morris, Illinois

DURATION: 984 h (estimated), based on one-half of time between event
and last startup on February 2, 1980.

PLANT OPERATING CONDITION: Starting up after refueling
TYPE OF FAILURE: Inadequate performance
DISCOVERY METHOD: Testing

COMMENT: Thoroughout the event 4 out of 5 valves failed, but a maximum
of 2 out of 5 failed during any one test.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 158232

Date:

June 17, 1980

Title: LOOP at Indian Point 2

The failure sequence was:

xl

2.

3'

S.

7.

10.

11.

12,

With the plant at full power, lightning struck a 345 kV/138 kv
transmission tcwer between two substationms.

A transmission tower shield line fell, which faulted four feeder
lines, resulting in the loss of all external grid system supplies
to the Buchanan Substation.

Two gas turbines previously brought on line as part of Con Edison's
storm watch contingency operations were insufficient to supply the
load connected to the "islanded” Buchanan Substation and tripped
off following the loss of all 138 kV supplies to the Buchanan
Substation,

This loss of power at Buchanan directly caused the two 6.9 kV buses
normally fed from offsite power to deenergize, along with their
associated 480 V buses at IP2, The remaining four 6.9 kV buses
(and the two remaining safeguards 480 V buses) which are normally
supplied directly from the IP2 unit output via the unit auxiliary
transformer remained energized since the unit was still online.

The three emergency diesels automatically started, as designed,
upon the loss of a 480 V bus caused by loss of the 6.9 kV buses.
Loss of one of the two 480 V buses associated with the loss of the
two offsite 6.9 kV buses also caused a loss of the rod position in-
dication system and a subsequeat turbine runback to 70% power per
design; core T ve Increased.

The condenser steam dump system operatad resulting in a decreased
core T .

The opegator began a manual plant shutdown (manual turbine trip).
An auto trip from the LOOP occurred first by the opening of breaker
7 in the North 345 kV ring bus at Buchanan, thereby disconnecting
the Indian Point 2 main generator from the electrical grid and
deenergizing the remaining 6.9 kV buses. This caused an auto-
generator/turbine trip, loss of power to all four reactor coolant
pumps via loss of the remaining 6.9 kV buses and the deenergizing
of the remaining 480 V buses.

When the main generator tripped, the 1311ng emergency diesel
generators closed onto and energized the 480 V buses.

With loss of all RCPs, RCS natural circulation cooling was begun,
Gas turbine GT-1 was started and placed on standby,

A spurious signal from steam line break instrumentation initiated
engineered safegards equipment., (Mismatched flow through
atmospheric steam dump valves.)

All ESF systems functioned properly.
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Corrective action:

Offsite power was restored.

Desiign purpose of failed system or component:

Offsite power provides the preferred source of power to safety-
related loads when the unit generator is not available.




Reactor at
power and
lightning
strike
results in
loss of
four
feeder
lines

Two previously
started gas
turgine genera-
tors trip due
to loss of
138-kV supply
at Buchanan
substation

Loss of power
to two 6,9-kV
and two 4B0-V
buses results
in diesel
generator
start

Loss of the
480~V buses
results in 702
turbine run~
back and loss
of rod posi-
tion indica~
tion

Operator
initiates
manual
turbine
trip

Generator trip
and subsequent
reactor/tur-
bine trip from
breaker open-
ing on north
ring bus;

loss of all
6.9-kV buses

Emergency
generators
energize
safety~
related
buses

Spurious
safety
injection
due to

steam line
differential
pressure

NSIC 158232 - Actual Occurrence for Loss of Offsite Power at Indian Point 2

Potential
Severe
Core

Damage

No = turbine
driven AFW
train
available
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NSIC ACCESSION NUMBER: 158232

LER NO.: 80-006/99T Rev. 1

DATE OF LER: June 17, 1980

DATE OF EVENT: June 3, 1980

SYSTEM INVOLVED: Offsite power system
COMPONENT INVOLVED: Transmission lines

CAUSE: Lightning strike on transmission tower
SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP

REACTOR NAME: Indian Point 2

DOCKET NUMBER: 50-247

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 873 MWe

REACTOR AGE: 7.0 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: United Engineers and Constructors
OPERATORS: Consolidated Edison

LOCATION: 25 miles north of New York, New York
DURATION: N/A

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Made inoperable

| DISCOVERY METHOD: Operation event

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

COMMENT: LER revised Sept. 5, 1980; see LER-80-006/99X-1.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 158233
Date: June 25, 1980

Title: Loss of Reactor Coolant Pumps and Top Head Bubble Incident at
St. Lucie 1

The failure sequence was:

l. With the reactor at 100% power, moisture in the vicinity of the
solenoid for valve HCV-14-6 resulted in a short circuit across the
solenoid valve terminal board. This caused one of the two in-
series containment isolation valves in the component cooling water
(CCW) common return line from all reactor coolant pumps (RCPs) to
fail closed. This resulted in unavailability of component cooling
water to all RCPs.

2. The operators manually tripped the plant and RCPs seven minutes
later.

3. Natural circulation flow using the steam generators (SGs) was
initiated and plant cooldown was began.

4. The CCW flow was restored by jumping the failed valve at 1-1/2
hours after its failure but plant cooldown was continued.

5. The cooldown rate did not exceed Tech. Spec. limits, but unknown to
the operator, the top head was not cooling down as fast as the
primary loops.

6. While reducing pressurizer pressure (using auxiliary spray from the
charging system) to initiate the shutdown cooling system (SCS), the
top head water flashed to steam and firmed a large steam bubble.
The bubble was not initially detected by the operators,

7. Pressure and level oscillations occurred in the reactor coolant
system (RCS) as a result of the steam bubble., Pressurizer level
fluctuations continued for approximately 6 h. Each time charging
was shifted to the cold leg, the steam bubble slowly condensed and
shrank.

8. The plant finally cooled down to the SCS entry condition and
entered SCS at 235 psi. At this time the SCS relief valves opened,
slowly discharging RCS water to the refueling water tank, a result
of a partially opened valve in the recirculation line from LPSI
pump 1B, (The LPSI pumps double as SCS pumps). The second LPSI
was subsequently initiated and operated in the injection mode to
restore RCS pressure until the shutdown cooling loops were isolated
from the RWST (approximately 1-1/2 h),

9. Conduction cooling of the top head eventually collapsed the bubble.

Corrective action:

1. The solenoid and terminal block were replaced,

2. The RCP seals required replacement.

3. The blowdown line which was the source of steam that caused the
short was modified by replacing flanged (leaking) joints with
welded joints.
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4, A backup nitrogen supply was provided to the RCP CCW isolation
valves.

5. A manual jacking devic: was made more accessible.

Design purpose of failed system or component:

I. The CCW RCP discharge line 1is common to all RCPs and is part of the
RCP seal cooling system.

2. The LPSI recirculation line is used to prevent deadheading of the
pump.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 158233

LER NO.: 80-029

DATE OF LER: June 25, 1980

DATE OF EVENT: June 11, 1980

SYSTEM INVOLVED: Component cooling water, reactor coolant
COMPONENT INVOLVED: Solenoid valve

CAUSE: Short circuit resulted in a failed-closed solenold valve
SEQUENCE OF INTEREST: Loss of RCP seal cooling

ACTUAL OCCURRENCE: Loss of RCP seal cooling

REACTOR NAME: St. Lucie |

DOCKET NUMBER: 50-335

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 802 MWe

REACTOR AGE: 4&.] years

VENDOR: Combustion Engineering

ARCHITECT-ENGINEERS: Ebasco

OPERATORS: Florida Power and Light

LOCATION: 12 miles SE of Ft, Plerce, Florida

DURATION: N/A

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Inadequate performance;
failed to start

DISCOVERY METHOD: Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 158279

Date: July 14, 1980

Title: Degraded Emergency Feedwater System During a loss of Offsite
Power at Arkansas Unit 2

The failure sequence was:

1. With the reactor at full power with atmospheric dump valves
isolated due to vibration and fallure to close problems, tornado
activity resulted in the sequential loss of four of five offsite
power lines. Protective relaying disconnected the remaining
offsite power line from the bus tie autotransformer. (Offsite
power was available through manual connection from the 161 kV
transmission system.)

2, Both diesel generators started and powered safety-related loads.
3. Natural circulation was established with both emergency feedwater
(EFW) pumps using a common suction from the condensate storage

tanks and the startup and blowdown demineralizer effluent,

4. Approximately 15 min after the LOOP, emergency feedwater flow
became erratic with flow rate oscillating between B0% and 100% of
rated flow due to cavitation. This was caused by flashing of the
startup and blowdown demineralizer effluent,

5. The startup and blowdown demineralizer effluent was isolated from
the EFW pump suction and both EFW pumps were alternately stopped,
vented, and restarted.

6. The process computer was unavailable during the event, This is be-
l{eved to have been caused by protective trips from low voltage.

Corrective action:

Offsite power was restored via startup transformers ST-2 and ST-3.
The EFW system operating procedures were revised to require {solation of
the startup and blowdown effluent prior to exceeding 5% power.

Design purpose of failed system or component:

ODffsite power provides the preferred source of power to safety-re-
lared loads when the unit generator is not available. The EFW system
provides water to the steam generators for RCS when the main feedwater
system is unavailable.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 158279

LER NO.: 80-018

DATE OF LER: July 14, 1980

DATE OF EVENT: April 7, 1980

SYSTEM INVOLVED: Offsite power, emergency feedwater system

COMPONENT INVOLVED: Transmission lines, both EFW pumps

CAUSE®*  Tornado damage and failure of operating procedures to require
isolation of the startup and blowdown effluent thereby allowing
flashing to occur in EFW pump suction lines.

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP and PW puamp cavitation from hot demineralizer
effluent causing flashing.

REACTOR NAME: Arkansas Nuclear Unit 2
DOCKET NUMBER: 50-368

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 912 MWe

REACTOR AGE: 1,3 years

VENDOR: Combustion Engineering
ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Arkansas Power and Light
LOCATION: 6 miles NW of Russelville, Arkansas
DURATION: N/A

PLANT OPERATING CONDITION: 100% rate power

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 158650
Date: June 3, 1980

Title: Faillure of Service Water System Plus Subse. =nt Auxiliary
Feedwater System Unavallability ¢t Calvert Cliffs 1

The failure sequence was:

1. With the plant at 100X puwer, the No. 12 service water subsystem
was removed from service for heat exchanger saitwater side
cleaning. The heat exchanger service water side outlet valve was
closed.

2. A complete fallure occurred in one of the No. 1l instrument air
compressor aftercooler tubes. The alr compressor after cooler is
cooled by a common portion of the service water system (during
safeguards actuation, the common portion of the service water
system 18 isolated from the two redundant safety-related portions).

3. The tube leak allowed compressed air to enter the service water
system. The constant vent valves on the operating header were
designed to maintain the service water system free of air.
However, air accumulated fn the idled heat exchanger because the
rate of leakage exceeded the capacity of that of the two constant
veant valves,

4. When the idled heat exchanger was returned to service, the air
bubble was released and, since the service water systems are not
independent in the turbine building. Both No. 1l and No. 12
service water pumps lost suction,

5. The operator received low pressure alarms on both service water
subsystems and verified that valve lineups were correct.

6. The reactor was manually tripped due to high main turbine bearing
teaperatures. All reactor coolant pumps, auxiliary feedwater pumps
and the main condenser remained operable and were utilized to
remove decay heat,

7. During the shutdown, No. 12 condensate storage tank (CST) was used
to supply AFW to the steam generators.

8. When low level was indicated in No. 12 CST, flow was switched to
No. Il CST and No. 12 CST was isolated.

9. Later, the main feed system was restored to operation on auxiliary
steam and the AFW system was shut down. The control room operator
incorrectly designated the CST valves to be realigned.

10, Due to the valve realignment error, No. 1l and 12 CSTs were both
isolated, rendering the auxiliary feedwater system unavailable,

Corrective action:

l. Service water was isolated from the affected compressor; the system
was vented, and normal flow was restored.

2, The No. 12 CST was properly aligned for service 3 h after the
operator error was made,
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3.

4,

A design change was made to increase the capacity of the continuous
vents at high places in the system.

Operating procedures were modified to eliminate unisolated dead
legs during maintenance and to require venting prior to returning
subsystems to service.

Design purpose of failed system or component :

The service water system provides cooling water for turbine-side

components as well as the diesel generators, containment coolers, and
spent fuel pool co.lers.

The auxiliary feedwater system provides water for steam generator

cooling in the event the main feedwater system is unavailable.




Unit at
full power
and service
water heat
exchanger
ma intenance
in progress

Alr compressor
aftercooler air
leak results in
accumulation of
air in isolated
heat exchanger

Air bubble
travels to
both ser-
vice water
subtrains
when heat
exchanger
returned to
service

Loss of
suct fon
pressure to
service

water pumps
and loss of
service
water
cooling

Manual reactor Condensate
trip due to storage
high main tur- tank valves
bine bearing incorrectly
temperatures. realigned
Auxiliary when AFW
feedwater flow is
system pro- terminated
vides SGC and MFW
cooling system
started for
SC cooling

(auto turbine
trip expected)

Potential
Severe
Core
Damage

NSIC 158650 - Actual Occurremce for Failure of Service Water System and Subsequent Auxiliary Feedwater
Unavailability at Calvert Cliffs 1

0s-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 158650

LER NO.: 80-027

DATE OF LER: June 3, 1980

DATE OF EVENT: May 20, 1980

SYSTEd INVOLVED: Service water system, auxiliary feedwater system

COMPONENT INVOLVED: Air compressor aftercooler, condensate storage tank

CAUSE: Air leakage to service water system due to aftercooler tube
failure, operator error in realigning valves when switching from
one CST to another

SEGUENCE OF INTEREST: 'O00P

ACTUAL OCCURRENCE: Loss of service water and subsequent unavailability
of auxiliary feedwater

REACTOR NAME: Calvert Cliffs Unit 1

DOCKET NUMBER: 50-317

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 845 MWe

REACTOR AGE: 5.6 years

VENDOR: Combustion Engineering
ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Baltimore Gas Electric

LOCATION: 40 miles south of Annapolis, Maryland
DURATION: 3 h

PLANT OPERATING CONDITION: 100% power

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operational event and operator inspection

COMMENT: See also NSIC 157124 (for Arkansas Nuclear One, 50-368, April
24, 1979).
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 158860

Date:

April 30, 1980

Title: Loss of Two Essential Buses and Loss of Decay Heat Removal

Capability at Davis-Besse 1

The failure sequence was:

l.

6.

The reactor was in cold shutdown in preparation for refueling with

the following equipment/system status:

a. the head was detensioned but not removed (water level below the
vessel flange)

b. decay heat was being removed using decay heat pump No. 2

¢, decay heat pump No. | was out of service for maintenance with
its associated piping drained

d. the manway covers on the top of the steam generators had been
removed.

The unit electrical lineup had been revised in preparation for work

on buses "A" and "C"., Buses E2 and F2 were supplied from breaker

HBBF2., Essential distribution panels Yl and Y3 were on their

alternate feed (YBR) which is supplied by F2.

The ground fault relay on breaker HBBF2 actuated (possibly due to

vibration caused by construction personnel in the switchgear room)

and tripped the breaker.

This deenergized essential distribution panels Yl and Y3, which

resulted in full SFAS actuation in levels ! through 5,

The SFAS actuation isolated the RCS letdown line and caused the

suction of decay heat removal pump No. 2 to transfer to the

emergency sump. During the time the BWST outlet valves and

emergency sump outlet valves were stroking, water gravity flowed

into the emergency sump (approximately 1500 gallons). The decay

heat pump was injecting BWST water into the RCS and increased RCS

inventory approximately 3500 gallons. (The high pressure injection

pumps and containment spray pump breakers had been racked out as

required and hence did not actuate).

The closing of the BWST outlet valve caused the decay heat pump to

draw suction from the emergency sump which resulted in air being

drawn into the pump suction. The pump was shut down to stop the

injection and to prevent pump damage due to loss of suction.

The emergency sump valves were closed and power was removed from

their operators. Decay heat removal loop No. 2 was refilled from

the BWST, vented, and returned to service., The electrical lineup

was restored with buses E2 and F2 separated.

Decay heat removal was unavailable for approximately 2-1/2 hours.

During that time interval, reactor coolant temperature increased

from 90°F to 170°F.
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Corrective action:

Plant procedures have been revised to ensure power is removed from
the emergency sump valves during mode 5 and mode 6 operation.

The instrument ac system procedure was revised to allow inverters
to be supplied from the dc bus when the normal feed for the regulated
rectifiers from motor control centers El12A or FlZA are to be
deenergized.

Design purpose of failed system or component:

The uninterruptable buses provide a continuous source of power to
control and instrumentation circuitry which cannot tolerate short term
power interruptions.




Reactor in cold
shutdown with
head detensioned,
steam generator
manway covers
removed, and DM
pump #1 out of
service for main-
tenance with its
loep dratned (DH
pump 72 {n opers-
tion)

Unit electrical
lineup revised
in preparation
for maintenance,
Suses E2 and F2
supplied by
breaker WEBF2,
Fssent fal dis-
tribut lon panels
Y1 and Y3 on
alternate feed
from F2

Ground fault
relay on
breaker HBBFI
actuates due
to vibration,
tripping
breaker

Deenergized dis-
tributfon panels
¥l and Y3 cause
level 1-15 SFAS
actuation, which
transfers suct lon
from RCS to emer-
goency sump

Emergency sump
valves not
locked out.
Stroking emer-
gency sump and
BWST valves
results in
gravity flow
of BSWT water
into emergency
sump. Open
emergency sump
valves and
closea BWST
valve result in
air being drawn
into pump suction

Operator
trips
decay
heat
pump

Emergency
aump
valves
closed and
power
removed
from
operatic..
Decay heat
loap #2
refilled
from BWST,
vented, and
returned to
service

—

Potent fa!
Severe
Core
Damage

Ko

Possible -

Possible -

NSIC 158860 - Actual Occurrence for lLoss of Two Evsential Busses and Loss of Decay Heat Removal Capability at Davis-Besse 1

tt-c eriod to core damage is
lon, p Train *1 could pouibly

havo been returned to se. cice.
1f not, throttled HP1 pumps
could possibly have been used
for core cooling

fatlure to trip pumps may have
resulted in pump faflure. If
so, and if train 1 could not
have been returned to service,
then throttled HP1 pumps could
possibly have been used for
core cooling. The time period
to core damage is long and
other mitigation paths could
provide core cooling

cc-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 158860

LER NO.: 80-029

DATE OF LER: April 30, 1980

DATE OF EVENT: April 19, 1980

SYSTEM INVOLVED: Decay heat removal system, essential power system
COMPONENT INVOLVED: Essential bus, decay heat pump

CAUSE: Tripped breaker resulted in loss of two essentfal buses and loss
of decay heat removal

SEQUENCE OF INTEREST: Loss of two essential buses while in cold
shutdown

ACTUAL OCCURRENCE: Loss of two essential buses and loss of decay heat
removal capability

RE~CTOR NAME: Davis-Besse |

DOCKET NUMBER: 50-346

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 906 MWe
REACTOR AGE: 2.7 years

VENDOR: Babcock & Wilcox
ARCHITECT-ENGINEERS: Bechtel
OPERATORS: Toledo Edison

LOCATION: 21 miles east of Toledo, Ohio
DURATION: N/A

PLANT OPERATING CONDITION: Cold shutdown
TYPE OF FAILURE: Made inoperable
DISCOVERY METHOD: Operatiimal event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 159134
Date: July 7, 1980
Title: Loss of Offsite Power at Arkansas Nuclear 1

The failure sequence was!

1. With the unit at 100% power, switchyard circuit breakers tripped
apparently due to a ground fault, isolating the Mabelvale 500 kV
line. Unit 2 and Unit 1 generation was transferred to the Fort
Smith 500 kV line. (The Mayflower line was out of service.)

2. The Fort Smith 500 kV line tripped open at the Fort Smith and due
to feeder overload. (The Mabelvale line became available but
failed to close onto the ring bus because of a lack of
synchonization.)

3. The Morrilton East 161 kV line tripped on overload, leaving only
Unit | generator ocutput feeding the a.to transformer and the
Russellville East line carrying Unit 1 power generation. Startup
transformer No. | remained energized from the autotransformer and
startup transformer No. 2 remained tied to the 161 kV bus.

4. A manual runback was initiated following an automatic generator
runback. The reactor subsequently tripped.

5. Auxiliary loads were transferred to startup transformer No. 1,
which was already experiencing low output woltage.

6. The autotransformer bank locked out due to a faulted relay, locking
out startup transformer No. | and Unit 2 startup transformer No. 3.

7. This resulted in a loss of all auxiliary bus voltage.

8. The unit diesel generators started and provided power to safety~-
related loads. (Power remained available by manual transfer from
startup transformer No. 2.)

Corrective action:

Approximately 65 minutes later house loads were transferred to
startup transformer No. 1.

Design purpose of failed system or component:

Offsite power provides the preferred source of power to safety re-
lated loads when the unit generator {s unavailable.
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LER NO,:
DATE OF

DATE OF

CAUSE:

REACTOR

REACTOR

REACTOR

VENDOR:

TYPE OF

COMMENT:

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 159134

80-022
LER: July 7, 1980

EVENT: June 24, 1980

SYSTEM INVOLVED: Offsite power

COMPONENT INVOLVED: Transmission lines, relay

Sequential loss of transmission lines due to ground fault and
overload, transformer lockout due to unspecified relay fault.

SEQUENCE OF INTEREST: Loss of offsite power

ACTUAL OCCURRENCE: Loss of offsite power

NAMF: Arkansas Nuclear 1|

DOCKET NUMBER: 50-313

TYPE: PWR

DESIGN ELECTRICAL RATING: 850 MWe

AGE: 5.9 years

Babcock & Wilcox

ARCHITECT-ENCINEERS: Bechtel

OPERATORS: Arkansas Power and Light

LOCATION: 6 miles NW of Russellvile, Arkansas
DURATION: N/A

PLANT OPERATING CONDITION: 100% power

FAILURE: Made inoperable

DISCOVERY METHOD: Operational event

See NSIC 159136 (Arkansas Nuclear 2, 50-368, LER 80-042, July
7, 1980).




Date:

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 159136

July 7, 1980

Title: Loss of Offsite Power at Arkansas Nuclear 2

The failure sequence was:

1.

2‘

3.

‘.

5.

7'

10.

With the unit at 912 power, switchyard circuit breakers tripped ap-
parently due to a ground fault, isolating the Mabelvale 500 kv
line. Unit 2 and Unit 1 generation transferred to the Fort Smith
500 kV line. (The Mayfl'ower line was cut of service.)

The Fort Smith 500 kV line tripped open at the Fort Smith end due
to feeder overload. (The Mabelvale line became avallable but
faiied to close onto the ring bus because of a lack of
synchonization.)

Unit 2 tripped on DNBR due to decreasing RCP pump speed, a result
of frequency and voltage upsets on the grid.

The Morrilton East 161 kV line tripped on overload, leaving only
Unit 1 generator output feeding the autotransformer and the
Russellville East line carrying Unit | power generation. Startup
transformer No. 3 remained energized from the au*otransformer, and
startup transformer No. 2 remain tied to the 161 kV bus.

The unit auxiliaries were transferred to startup transformer No. 3.
(The 6.9 kV buses had been transferred to startup transformer No. 3
prior to the start of the event,)

Undervoltage relays on the 6.9 kV buses operated and shed the RC
pumps and circulating water pumps.

The 4.16 &V auxiliary circuit indicated low wvoltage and stripped
the 4,16 kV Suses from the startup transformer.

Subsequently the auto transformer bank locked out due to a faulted
relay, locking out startup transformer No. 3 and the Unit | startup
transformer No. 1.

This resulted in a loss of all auxiliary bus voltage.

The unit diesel generators started and provided power to safety-
related loads. (Power remained available by manual transfer from
startup transformer No. 2,)

Corrective action:

Buses 2 Al and 2 Hl were manually energized from startup

transformer No. 2 four minutes later, Approximately 55 minutes later
all house loads were transferred to startup transformer No. 3 and both
emergency diesels were secured,

Design purpose of failed system or component:

Offsite power provides the preferred source of power to safety

related loads when the unit generator i{s unavailable,
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 159136

LER NO.: 80-042

DATE OF LER: July 7, 1980

DATE OF EVENT: June 24, 1980

SYSTEM INVOLVED: Offsite power

COMPONENT INVOLVED: Transmission lines, relay

CAUSE: Sequential loss of transmission lines due to ground fault and
overload, transformer lockout due to unspecified relay fault

SEQUENCE OF INTEREST: Loss of offsite power
ACTUAL OCCURRENCE: Loss of offsite power
REACTOR NAME: Arkansas Nuclear 2

DOCKET NUMBER: 50-386

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 912 MWe

REACTOR AGE: 1.6 years

VENDOR: Combustion Engineering
ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Arkansas Power and Light
LOCATION: 6 miles W of Russellville, Arkansas
DURATION: N/A

PLANT OPERATING CONDITION: 91% power

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operational event

COMMENT: See NSIC 159134 (Arkansas Nuclear 1, 50-313, LER-80-022, July
7, 1980),




B-66

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 159347
Date: September 2, 1980

Title: Unavailability of All High Steam Flow Signals at Surry 2

The failure sequence was:

1. With the reactor at 12X power, steam flow transmitters FI-474, 475,
484, 485, 494, and 495 were discovered isolated. These
transmitters had been isolated during the containment integrated
leak rate test.

2. Associated bistables were immediately tripped.

Corrective action:

l. The transmitters were subsequently unisolated.

Design purpose of failed system or component :

The steam flow transmitters provide signals used in colncidence
with elther low RCS temperature or low main steam line pressure to
initiate safety injection (low pressurizer pressure or level and main
steam line/main steam header differential pressure also {nitiates safety
injection). The high steam flow transmitters in colncidence with low
RCS temperature or low main steam line pressure also initlates trip of
the MSIVs (a contalnment high pressure also initiates trip of these
valves).




Reactor at 12T during
startup from shutdowm
due to seismic medifi-
cations (comtainaent
integrated leak test
performed)

Steam flow transmitters
F1-474, 475, 484, 485,
494, 495 found isolated
due to operator error
following instigated
leak rate test

Potential
Severe

Core
Damage

No - no steam line break

NSIC 159347 - Actual Oc.urrence for Unavailability of all High Steam Flow Signals at Surry 2

L9-4
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NSIC 159347 - Sequence of Interest for Unavailability of All High Steam Plow Signals at Surry 2
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 159347

LER NO.: 80-011

DATE OF LER: September 2, 1980
DATE OF EVENT: August 19, 1980

SYSTEM INVOLVED: High steam flow instrumentation for safety injection
fnitiation

COMPONENT INVOLVED: Steam flow transmitters

CAUSE: Human error - transmitters inadvertently left {solated
SEQUENCE OF IN'EREST: Steam line break

ACTUAL OCCURRENCE: Transmitters discovered {solated during startup
REACTOR NAME: Surry 2

DOCKET NUMBER: 50-281

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 822 MWe (net)

REACTOR AGE: 7.5 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Stone and Webster

OPERATORS: Virginia Electric & Power

LOCATION: 17 miles NW of Newport News, Virginia

DURATION: 8 h (estimated)

PLANT OPERATING CONDITION: 12% power, startup

TYPE OF FAILURE: Made (noperable

DISCOVERY METHOD: Operator observation

COMMENT :
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 160453
Date: September 23, 1980
Title: Loss of Emergency Power System at Davis-Besse |

The failure sequence was:

1. With the reactor in cold shutdown, EDG l-2 was removed from service
for malatenance.

2. A service representative opened a knife switch in the switchgear
room thereby removing control power from all the 4160 volt bus Cl
breakers. This would have prevented EDGl-l from automatically
starting if it had been needed. During the 8 min that control
power was off the bus, the statlon did not have an operable EDG.

Corrective action:

Control rorm operators noticed the breaker indicating lights had
gone out, The shift supervisor weant to the switchgear room, determined
the cause of the problem, and reclosed the switch.

Design purpose of falled system or component:

The emergency power system provides ac power when offsite sources
are unavalilable.




Reactor in
cold shutdown

EDG1-2 rewoved
from service for
maintenan: e

EDG1-1 made
inoperable due
to inadvertent
opening of bus
breaker control
power switch

Ao

A
W

Potential
Severe
Core
Damage

No - offsite power not interrupted

NSIC 160453 - Actual Occur "ence for loss of Emergency Power at Davis-Besse 1

T.-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCFSSION NUMBER: 160453

LER NO.: 80-065

DATE OF LER: September 23, 1980

DATE OF EVENT: August 26, 1980

SYSTEM INVOLVED: Emergency power system
COMPONENT INVOLVED: Essential bus breakers
CAUSE: Inadvertent opening of control power kaife switch
SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: ODiesel generators disabled
REACTOR NAME: Davis-Besse |

DOCKET NUMBER: 50-346

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 906 MWe

REACTOR AGE: 3.0 vears

VENDOR: Babcock & Wilcox

ARCHITECT-ENGINEEPS: Bechtel

OPERATORS: Toledo Edison Co.

LOCATION: 21 miles east of Toledo, Ohio
DURATION: 8 min

PLANT OPERATING CONDITION: Mode 5, cold shutdown
TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Control room operator observation

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 160497
Date: October 20, 1980
Title: Inadvertent Opening of Safety Relief Valve at Pilgrim 1

The fallure sequence was:

l. Operating pressure in the nitrogen supply line to the solenoid
valve that operates the safety relief valve was in excess of the
design specifications for the solenoid valve, resulting in leakage
through the solenoid valve seat into the diaphragm of the safety
relief valve.

2. The reactor was operating at steady state at 952 power. At the
associated high reactor pressure, the leakage through the valve
seat was enough to lift the relief valve.

3. The reactor was manually scrammed.

4, Attempts were made to close the relief valve, per operating
procedures, which entailed switching the valve to the open position
(which opens the nitrogen supply valve) and then to the closed
position,

S. The high nitrogen pressure (160 psi) delivered when the nitrogen
supply valve opened, was a.)ve the set point (135 psi) at which the
solenoid valve could respond to a "close” signal when the reactor
is pressurized.

6, The relief valve remained open until the reactor depressurized.

7. The unit was successfully taken to cold shutdown.

Corrective action:

l. Operation at reduced nitrogen supply pressure (110 psi) was to be
{mplemented.

2. Station procedures were to be revised to require an operator
verification check of nitrogen pressure once per shift.

Design purpose of falled system or component:

The nitrogen system provides control gas to actuate the opening and
closing of reactor relief valves upon automatic control demands as well
as manual demands.

The reactor relief s-stem provides overpressure protection for the
RCS.




Reactor operating
at full power

Safety relief valve
opens due to N; system
pressure exceeding
design specs for
relief valve operators

Reactor is
manually

tripped

Procedure followed
to close the valve
results in valve
stuck open

Potential
Severe
Core
Damage

No - reactor success-
fully shut down

No - auto scram and safety
injection available

NSIC 160497 - Actual Occurrence for Inadvertent Opening of Safety Relief Valve at Pilgrim 1

SL-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 160497

LER NO,: 80-069

DATY. OF LER: October 20, 1980

DATE OF EVENT: October 7, 1980

SYSTEM INVOLVED: Pressure relief system
COMPONENT INVOLVED: Relief valve

CAUSE:  Excesalve nitrogen pressure to valve operator
SEQUENCE OF INTEREST: Main steam line break
ACTUAL OCCURRENCE: Stuck open rellef valve
REACTOR NAME: Pilgrim |

DOCKET NUMBER: 50-29)

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING! 655 MWe

REACTOR AGE: 8.3 years

VENDOR: General Electrie

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Boswton Edison Co.

LOCATION: 4 mlles SE of Plymouth, Massachusetts
DURATION: N/A

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Design basis event

DISCOVERY METHOD: Operational event

COMMENT! ALl safety systems wore wvallable., See Accession No, 160359

for a similay event at Plligrim | (50<293, LER BO-0B0, Nov, 14,
1980) but with & different cause.
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NSIC Accession Number: 160532
Date: October 22, 1980
Title: Component Cooling Water Inoperable at Pilgrim |

The fatlure sequence was:
Lo At full power (100X) the "8" loop of the reactor building closed
cooling water system (RBOCWS) was out of service for maintenance.
2. For unspecified reasons a 480 V breaker tripped open twice within
10 min, disabling the "A" loop of the RBCCWS,
3. This resulted in & complete loss of the RBCCWS while the “A”" loep
was disabled. The "A" loop was immediately restored.

Corrective action:
le The 480 V trip setting was temporarily raised,
1. A detatled review of 480 V bus was requested.

Deoign purpose of fatled eystes ot cosponent'

The RBCCWS supplies cooling water to the following systems!

Lloop A loop B
Two RHR pump lube oll cooclers Two RHR jube ofl coolers
One fuel pool heat exchanger One fuel pool heat exchanger
One RHR heat exchanger One RHR heat exchanger
Twe recirculating pump MG set Two control rod drive pump ofl
fluld coupling oll and bearing and bearing coolers
coolars Two recirculating pump seal
Two RCIC pump area cooling colls water coolers
Two RHR pump area cooling colls Two recirculating motor lube
Four M0 set area cooling colls oll coolers
One core spray pump motor thrust Two ¢leanup recireulating pusp
bearing seal water coolers
Sample coolers One ¢leanup nonregenerative

hoat exchanger

Two WPCT pump area cooling colls
Two control rod drive pump area
cooling colls

Six drywell alr cooling colls
Two drywell alr cooling colls
One core apray pump motor thrust
bearing
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 160532

LER NO.: 80-070

DATE OF LER: October 22, 1980

DATE OF EVENT: October 10, 1980

SYSTEM INVOLVED: Reactor building closed cooling water system (RBCCWS)
COMPONENT INVOLVED: Circuit breaker

CAUSE: Spurious trips

SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: Component cooling water inoperable
REACTOR NAME: Pilgrim I

DOCKET NUMBER: 50-293

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 655 MWe

REACTOR AGE: 8.3 years

VENDOR: (eneral Electric

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Boston Edison Co.

LOCATION: 4 miles SE of Plymcuth, Massachusetts
DURATION: 10 min

PLANT OPERATING CONDITION: 100% full power

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event

COMMENT:




Date:

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 160559

November 14, 1980

Title: Inadvertent Opening of Relief Valve at Pilgrim 1

The fallure s2quence was:

1.
2.
3.
6.

5.

6.

7.

The reactor was at full power.

Liquid nitrogen passing by its ambient air vaporizer froze an
inline nitrogen supply regulator in place while it was in the fail-
open position, due to oversight in system design.

The full pressure nitrogen supply actuated a reactor vessel relief
valve's solenoid, which caused the "A" relief valve to open.

The valve was manually cycled 4 to 5 times in an attempt to close
it, but the valve remained open.

The high nitrogen pressure at the relief valve's solenoid prevented
closure of the relief valve while the reactor was at operating
pressure,

The operator reduced core power to 50% and initiated a manual
scram.

The reactor continued to depressurize. At 340 pslg reactor
pressure the "A" relief valve was manually cycled and closed.

Corrective action:

l.

2.

The relief valve's solenold actuator supply was switched from
nitrogen to compressed air while changes in the nitrogen system
were considered.

Replacement of the nitrogen regulator valve was considered along
with reduction in the nitrogen supply tank pressure and
installation of a nitrogen header relief valve.

Design purpose of failed system or component:

The nitrogen system provides motive power for opening and closing

reactor relief valves (among other control functions) upon automatic
demands as wz2ll as manual demands,

The reactor rellef valve provides RCS pressure protection.




1 WiaSTrd 3® PATEA JOF[9Y 1030®ay jo Bujuadp WAIIIAPRUL 10J IJUIAINDDQ TENIOV - 65S09T DISN

JTqETFvA® SOTES
pue we1ds OINE - ON

) [
i
&
¥
¥
ON
4
¥
¥
o J
#ys8d oz
afeweq sayorax aanssaxd umopMoTq SH¥ ur Buy
a10) 1030891 [l3un zamod -3[nsax ‘aafea jarrea
EEEYEIN 11®3 aarea ayl %06 3P paume1ds suado waysds Lyddns zamod TInj
[®1IUa21304 @s01> 03 sidwealay A{1enueu 103329y uaSox3fu uy Aanyrey e 10310®aYy




B-84

1T @3a8154 I® aa[rp J9T[9y jo Burued( Ju2lzaapeu] 103 3ISa1aju] ;o aduanbag - 5SO9T DISN

01 $35
6 SaA

8 saA

9 94
S $3A

v Sa)

z 54

adewrq

210y

‘oN ERETEIS
ou:e:vow ~¢aucouoa

&

Bk h g e
e ——
———
= o EERUEEL )
1100) a3enbapy wWa3sAg papraocag
! IBTITU
210) asuodsay ueylvz Sugyoo) vo_owuwow uunm«wu<
"“oh s) Jdo -1anssaadaq Inssaly pinbrq welrdg 3o Ma”w
o1 1241 d13eWOINY yS1y Lqpueag 103089y __r-m




B-85

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 160559

LER NO.: 80-080

DATE OF LER: November !4, 1980

DATE OF EVENT: October 31, 1980

SYSTEM INVOLVED: Pressure relief system

COMPONENT INVOLVED: Relief valve

CAUSE: Excessive nitrogen pressure to valve operator
SEQUENCE OF INTEREST: Main steam line break

ACTUAL OCCURRENCE: Inadvertent opening and sticking cf a reactor relief
valve

REACTOR NAME: Pilgrim 1

DOCKET NUMBER: 50-293

REACTOR TYPE: BWR

DESION ELECTRICAL RATING: 655 MWe
REACTIOR AGZ: 8.4 years

VENDOR: General Electric
ARCHITECT-ENGINEERS: Bechtel
QPERATORS: Boston Edison Co.

LOCATION: 4 miies SE of Plymouth, Massachusetts
DURATION: N/A

PLANT OPERATING COEDITION: Full power
TYPE OF FAILURE: Inadequate performance
DISCOVERY METHOD: Operational event

COMMENT: See accession 160497 for a similar event at Pilgrim 1, LER
80-69, but with a differeant cause.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 160846
Date: March 20, 1980

Title: Loss of 24 Volt dec Nonnuclear Instrument Power Supply
at Crystal River 3

The failure sequence was:

1. Witk the reactor at 100% power, the 24 V dc nonnuclear
instrumentation “X" power supply was lost due to a failed voltage
buffer card.

2, Because of this, the integrated control system received erroneous
sigrals and demanded (1) a reactor power increase, (2) a feedwater
runback, and (3) the opening of the power-operated relief valve.

3. The open PORV did not prevent reactor coolant pressure from
reaching the over-pressure trip set point, which {nitiated a
reactor trip.

4. The loss of power caused the PORV to stay open. Primary coolan:
was discharged into the reactor coolant drain tank and then into
the reactor containment building (43,000 gal) after the drain tank
rupture disk opened. RCS pressure dropped resulting in high
pressure injection being automatically actuated at 3 min (HPI
continued for 84 min).

5. At 4 min the operator tripped the reactor coolant pumps as required
by the HPI initiation.

5. The "A" once through stram generator effectively hofled dry at
approximately & min,

7. The operator shut the block valve which stopped the .sss oi rezotor
coolant through tae PORV at Z to 5 wmin.

fi. The cperatsr lnltiated emergency feedwater at approximately 9 min.

9. The RCS pressure increased due to continued HPI at 1100 gpm, and a
code safety valve opened at 10 min.

10. Power was restored to the aoanuclea~ (astrumeatation about 21 min
into the transient,

11, At 29 min the operator throttled tne HPI tlow tu abouz 250 gpm.
12.  Until about 2 a after the incident dagan, the safely valve periodi~
cally released coolant at 2300 psi to the containment., About

40,000 gal of coolant was dumped into the reactor building.

13, At about 5 h 7 min into the transient, decay-heat closed-cycle
cooling pump DCP-1A failed, rendering the "A" decay-heat closed-
cycle cooling loop inoperable. The failure was due to fallure of
the pump motor coupling.

14, The plant was stabilized and maintained in hot standby on natural
clreulation until forced RCS flow was initiated about 6 h 16 min
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into the transient. The plant was subsequently taken to cold
.h\ltdo'ﬂo

15. Throughout the eveat, core coverage was maintained; no fuel damage
occurred, and the RCS remained within code allowable limits.

Corrective action:

The plant was shut down for resolution of the problem and implemen-
tation of corrective actions., These actions included:

=~ Complete testing and inspection of the nonnuclear instrumentation
system for similar failures.

- Installation of new redundant channels for indicaticn of twenty-
three key plant parameters to provide more reliable information to
the operator.

-~ Comprehensive operator training in response actions for NNI and ICS
failures,

- Installation of positive position indication on the power operated
relief valve and the two code safety valves.

= Modification of the NNI power supply to provide more reliable
power,

- Evaluation of NNI power supply reliability in response to IE
Bulletin 79-27 (lLoss of Non-Class lE Instrumentation and Control
Power System Bus During Overation).

= Modification of the control circuitry for the PORV and pressurizer
spray valves so that the valves will not open in the event of loss
of NNI power.

Tae NRC initiated an extensive review program regarding the effect of
the Crystal River event.

Design purpose of failed system or compcnent :

The nonauclear process instrumentation provides the required input
sigrals of process variables for the reactor protection, regulating, and
auxiliary systems. It performs the required process cortrol funcclons
in response to those systems and provides instrumeataticn for startup,
operation, and shutdown of the reactor syatea under normal and emergency
cendicions. Inputs to the reactor protective system by the nonavclear
instrumentacion arve reactor outie! temserature, coolant flow, and
pressure. inputs provfded "o the fategrated control system are reactor
outlet temperature, falet dif. rential temperature, coolant flow,
feedwater temperature, feedwater flow, steam generator level, steam
generator outle! pressure, and turbine header pressure.
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NSIC 160846 -

*due to

Small Ie.clot_wrzx;lilary High Low Pressure
LOCA* | Trip Fesdwater and Pressure Recirculation
Serondary Tnjection | and LPR/HPIL
Heat Removal Cross-Connect
A
Rk

loss of NNi-X power supply

Potential
Severe
Core
Damage

No

Yes

Yes

No

Yes

Yes

Yes

Sequence
b.

Sequence of Interest for Loss of 24~V dc Nonnuclear Instrumentation
Jower Supply ot Crystal River 3

**continued small LOCA requires operator error in not closing PORV plock valve

684



CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 160846 5
LER NO.: 80-010 Rev. 1

DATE OF LER: March 20, 1980

DATE OF EVENT: February 26, 1980

SYSTEM INVOLVED: Nonnuclear instrumentation

COMPONENT INVOLVED: 24 V dc power supply

utilizing these boards resulted in loss of the power

SEQUENCE OF INTEREST: Loss of NNI-X power supply

safeguards actuation

REACTOR NAME: Crystal River Unit 3
DOCKET NUMBER: 50 302
REACTOR TYPE: PWR
DESIGN FLECTRICAL RATING: 825 ™We
REACIOR AGE: 3.1 years
JENDOR: PRabcock & Wilcox
ARCHITECT-ENCINVERS: Gilbert Associates
OPERATORS: Florida Power Corpuration
LOCATION: 7 miles NW of Crystal River, Florida
DURATION: N/A
PLANT OPERATING CONDITION: 100% power
TYPE OF FAILURE: Inadequate performance;

made inoperable
DISCOVERY METHOD: Operational event

COMMENT :

CAUSZ: A combination of misaligned connector pins on printed circuit
boards and a technician working on saturation meter circuit

ACTUAL OCCURRENCE: Failure of nonnuclear instrumentation power supply,
reactor trip, turbine trip, and engineered




B-91

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 160926
Date: Octoher 31, 1980
Title: Stuck Open Relief Valve at Pilgrim |

The failure sequence was:

1. With the reactor at full power, a scram occurred due to main steam
line hig radiation.

2, To control pressure, "C" relief valve opened for 1 minute and
closed successfully. HPCI and RCIC were placed in full flow test,

3. The MSIVs had closed during the event when the reactor
depressurized beyond the MSIV closure set point of 880 psig. The
"D" relief valve was opened to reduce the reactor pressure enough
to be able to reset the scram and reopen the MSIVs,

4., The "D" relief valve stuck open.

5. Repeated attempts to energize/deenergize the relief valve solenoid
valve from the control room failed to close the "D" relief valve
and the plant depressurized to 20 psig.

Corrective action:

l. The plant was shutdown and the valve assembly removed and tested.
The utility concladed that the pronable cause of the fafled valve
was scoring on the 9ain ist.n,

2. A spare vilve asseably and s0':pold wers irstailed and the ua't was
returaes .o serv (e,

3. The damaged valve was repaired.

Design purpose of failed system or coumponent:

The pressure ce'lef svstem provides overpressure pvotecticn for the
RCE,
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NSIC ACCESSiON NUMBER: 160926

LER NO.: 80-079

DATE OF LER: October 31, 1980

DATE OF EVENT: October 1, 1980

SYSTEM INVOLVED: Pressure relief system
COMPONENT INVOLVED: Relief valve

CAUSE: Mechanical failure in valve operator
SEQUENCE OF INTEREST: Main steam line break
ACTUAL OCCURRENCE: Stuck open relief valve
REACTOR NAME: Pilgrim !

DOCKET NUMBER: 59-293

REACTOR TYPE: BWR

UESIGN ELECTRICAL RATING: 655 MWwe

REACTOR ACE: 8.3 years

VENDOR: General Electric

ARCHITE /-ENCINEFRS: ‘fecatel

WPERATORS: Bostor Edison (o,

LOCATION: 4 miles SE ot Plywouth Massachus.tts
DURATION: N/A

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Inadequate performance
DISCOVERY METHOD: Operational event

COMMENT:

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 161601
Date: November 28, 1980
Title: Loss of Service Water Cooling to the Diesel Generators at Salem 1|

The failure sequence was:

1. With the reactor in cold shutdown, service water header train 11S5W
was out of service for repairs.

2. The diesels were found to be overheating.

3. Train 12SW flow valve 12SW2l1 was found indicating open when it was
actually closed, resulting in loss of service water to the DGs.

Corrective action:

Valve 12SW21 was opened and service water flow restored. The valve
positioner and indicator were realigned.

Design purpose of failed system or component:

Valve 12S5W21 controls the cooling flow from No. 12SW service water
header to the diesel generators.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 161601

LER NO,: 80-060

DATE OF LER: November 28, 1980

DATE OF EVENT: October 8, 1980

SYSTEM INVOLVED: Emergency power system

COMPONENT INVOLVED: Valve positioner and indicator
CAUSE: Alignment error

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Loss of service water cooling to diesel generators
REACTOR NAME: Salem 1

DOCKET NUMBER: 50-272

REACTOR TYPE: PWR

ESTGN ELECTRICAL RATING: 103 Mwe

REACTOR AGE: 3.8 vears

VENDOR: Westinghouse

AXCHITECT-ENGIGEERS: fublic Service Electri: and Gas
OPERATORS: Public Service Electric and Cas
LOCATION: 20 miles south of Wilmington, Delware
DURATION: 4&4~1/4 h

PLANT OPERATING CONDITION: Refueling shutdown
TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Testing

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 161649
Date: November 17, 1980
Title: Two Diesel Generators Inoperable at Sequoyah 1

The failure sequence was:

l. With the reactor in mode 4 (0% power), diesel generator lA-A was
out of service for annual maintenance.

2. Diesel generator 1B-B was operating at speed and voltage during
testing.

3. The diesel generator (1B-B) tripped when the operator replaced an
indicator bulb, a result of an internal short in the lamp socket
which tripped a relay and subsequently tripped the diesel.

Corrective action:

The lamp socked was repaired and DG 1B~B returned to service.

Design purpose of failed system or componeat:

The clecel gearerators provide emergency power for safe shutdown
when the ncrmal sources of AC power are not available.




Reactor in mode &
(0% power)

out of service for
annual maintenance

Diesel generator lA-A

Viesel generator
18-B unuergoing
testing, running

l at speed & voltage

Operator replaces
indicator bulb,
short causes DG
18-B to trip

NSIC 161649 - Actual Occurrence for Twc Diesel Generators Inoperable at Sequoyah 1

Potential
Severe
Core
Damage

No - emergency power
not required

00T-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 161649

LER NO,: 80-171

DATE OF LER: November 17, 1980

DATE OF EVENT: October 16, 1980

SYSTEM INVOLVED: Emergency power system
COMPONENT INVOLVED: Diesel generators

CAUSE: Internal short in indicator light socket for one diesel wnhile
other was unavailable due to maintenance.

SEQUENCE OF INTEREST: Loss of offsite power
ACTUAL OCCURRENCE: Unavailability of two diesel generators
REACTOR NAME: Sequoyah Unit 1

DOCKET NUMBER: 50-327

REACTOR TYPE: PWR

DESIGN ELFCTRICAL RATING: 1148 MWe

REACTOR AGE: 0,3 year

VENDOR: Vescinghouse

ARCHITECT-ENGINEERS: Tenuessee Valley Autherity
U ERATORS: Tennessece Valley Authority

LOCATION: 9.5 miles NE of Chattanooga, TN
DURATION: 2 h 8 win

PLANT OPERATING CONDITION: Mode 4, 0% power
TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Diesel tripped as a result of a short circuit during
testing.

COMMENT :
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 161906
Date: November 24, 1980
Title: RCIC and HPCI Inoperable at Quad-Cities 2

The failure sequence was:

l. During performance test of the monthly operability at 99% power,
the RCIC discharge isolation valve would not open from the control
room. This caused RCIC to be inoperable. A torque switch on the
valve was faulty.

2. HPCI was subsecuently declared inoperable due to an oil leak in the
HPCI turbine stop valve actuator cover.

3. An orderly shut down was commenced.

Corrective action:

l. The RCIC torque switch was replaced before shutdown was reached and
the shutdown was terminated.

2. The HPCI valve actuator cover was replaced with a cover from Unit
l.

3. About 10 h was required to correct the simultaneous loss of RCIC
and HPCI,

Design purpose of falled system or component:

l. RCIC provides for reactor water level control glven a loss of feed-
water,

2. HPCI provides for water level control given a small break LOCA.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 161906

LER NO.: 80-077

DATE OF LER: November 24, 1980

DATE OF EVENT: November 16, 1980

SYSTEM INVOLVED: RC.. and HPCI systean

COMPONENT INVOLVED: Torque switch; turbine stop valve
CAUSE: Fatlure of the torque switch; oil leak
SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: RCIC and HPCI {noperable at Quad-Cities 2
REACTOR NAME: Quad-Cities 2

DOCKET NUMBER: 265

REACTOR TYPE: BWR

DES.GN ELECTRICAL RATING: 789 MWe

REACTOR AGE: 8.6 years

VENDOR: General Electric

ARCHITECT-ENGINEEKS: Sargent & Lundy

OPERATORS: Commonwealth Edison Co.

LOCATION: 20 miles NE of Moline, Illinois

DURATION: 360 h (estimated)

PLANT OPERATING CONDITION: 99% power

TYPE OF PAILURE: Falled to start;
made inoperable

DiSCOVERY METHOD: Testing

COMMENT: ADS, LPCI, and core spray were avallable as backup systems.




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 162083
Date: December 26, 1980

Title: Loss of Refueling Water Tank Level Instrumentstior ai Arkansas
Nuclear Unit 2

The failure sequence was:
1

+ With the reacicr at 77% power, refueling water tank level channels
C and D were observed indicating greater than 100%, while channel B
indicated 82%1. Previous checks indicated approximately 94%.

2. All four channels were found to be frozen. The system heat tracing
circult was de-energized because the main line fuse %a< been

removed. The ambient temperature was 15°F,

3. Reactor shutdcwn was initiated to meet Tech. Spec. requirements., A

trip was required at 30% power.

Corrective action:

The fuse was replaced, the transmitters iiawed sGL, Aand the RUST
indication returned to operable status. Long-te:w corvective actions
were being evaluated at the time of the report,

Design purpose of failed system or component :

The RWST level (nstruments monitor RWS” lavel and i{nitiate thne ECOS
switchover from the RWST to the contatlnment suwn uring safety
injection.







Small Reactor Auxiliary High Low Pressure
LOCA Trip Feedwater and Pressure Recirculation
Secondary Injection | and LPR/HPI
Heat Removal Cross-Connect
F (F)
(F)

Potential
Severe
Core
Damage

No

Yes

Yes

No

Yes

Yes

Yes

Sequence
hl

NSIC 162083 - Sequence of Interest for Loss of RWT Level Instrumentation at
Arkansas Unit

o
“
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 162083

LER NO,.: 80-091

DATE OF LER: December 26, 1980

DATE OF EVENT: December 20, 1980

SYSTEM INVOLVED: Low pressure recirculation
COMPONENT INVOLVED: RWST level instruments
CAUSE: Personnel error — fuse removed
SEQUENCE OF INTEREST: LOCA

ACTUAL OCCURRENCE: Level transmitters unavailable due to freezing
REACTOR NAME: Arkansas Nuclear Unit 2
DOCKET NUMBER: 50-368

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 912 MWe

REACTOR AGE: 2.1 years

VENDOR: Combustion Engineering
ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Arkansas Power & Light Co.
LOCATION: 6 miles NW of Russellville, Arkansas
DURATION: 8 h (estimated)

PLANT OPERATING CONDITION: 77% power

TYPE OF FAILURE: Made {inoperable

DISCOVERY METHOD Operator observation

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 163356

Date:

January 16, 1981

Title: Output Breakers for Both Statiou Batteries Opened at Palisades

The failure sequence was:

1.

z.

3.

With the reactor at full power, a battery charge started the
previous day was being terminated.

As part of this procedure, the breakers associated with the in-
service chargers were to be opened and the breakers associated with
the idle charger: were to be closed. Battery breaker position was
not annunciated (n the contrecl room.

However, plant electriclans closed the idle charger hreakers and
opanad the =Zation battery breakers,

Because of the misalignment, a required dc bus voltage adjustment
could not be made., Investigation of this by a supervisor led to
the discovery of the incorrect breaker alignment (approximately 1 h
later), and the breaker alignment was restored.

Corrective action:

1.
2,

Proper breaker alignment was restored.

The following short-term corrective actions were to be implemented:

a2, Daily audits of plant operations by a corporate management
representcative,

b. A committee consisting of a member of corporate management (in
addition to the corporate representative referenced in item 1
above), a senior reactor operator, and another qualified
engineer was to review all safety-related surveillance and
maintenance procedures and other maintenance procedures which
cover work to be conducted in vital areas before they are used
again, to ensure that:

(1) each procedure 1s specifically identified as being safety
related, or as having the potential to affect safety-
related equipment;

(2) authorization to perform work is required from plant man-
angement;

(3) special notification of work performed is made to the
Shift Supervisor;

(4) system conditions to perform work are defined;

(5) minimum personnel skill level is defined; and

(6) return-to-normal verification requirements are specified.

¢+ All personnel who perform safety-related work or other work in
vital areas were to be reinstructed on the importance of strict
adherence to procedur~- and the necessity for performance of
all assigned duties in a disciplined and professional manner.

d. Immediately upon their completion, all activities involving the
maniuplation of safety-related circuits or systems were to be
verified by a second qualified individual.




5. The specific circuitry involved in the January 6, 1981, event was
to be reviewed to determine if control room indications are
required to show when an abnormal lineup exists. Palisades
subsequently stated its intent to annunciate in the control room
whenever a station battery is disconnected from its bus.

Design purpose of failed system or component:

The batteries provide power to the emergency buses when power is
unavailable through the chargers from ac sources. This includes power
for connecting the diesel generators to the emergency buses, operation
of other circuit breakers, and equ.pment powered through vital
inverters.




Reactor at full Electrician opens
power and battery station battery
charge being breaker in lieu of
terminated charger breaker

Supervisor discovers
incorrect breaker
alignment while
troubleshooting
inability to adjust
bus voltage and
restores breaker
alignment

fTT ey
TR

Potential
Severe
Core
Damage

Possible -

if LOOP befoie restoration.
However, DG could be manu-
ally connected to bus in
event station battery was
unavailable. (DG at Pali-
sades has start capability
without station batteries)

NSIC 163356 - Actual Occurrence for Output Breakers for Both Station Batteries Opened at Palisades

E1T-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 163356

LER NO,: 81-001

DATE OF LER: January 16, 1981

DATE OF EVENT: January 6, 1981

SYSTEM INVOLVED: Emergency power

COMPONENT INVOLVED: Station batteries

CAUSE: Battery breakers inadvertently opened

SEQUENCE OF INTEREST: Loss of offsite power

ACTUAL OCCURRENCE: Battery breakers inadvertently opened

REACTOR NAME: Palisades

DOCKET NUMBER: 50-255

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 805 Mwe

REACTOR AGE: 9.6 years

VENDOR: Combustion Engineering

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Consumers Power

LOCATION: 5 miles south of South Haven, Michigao

DURATION: 1 hour

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operational event

COMMENT: On Palisades, UG start is possible without the station batter~

fes; however, DG loading requires batteries, or loading must
be performed manually,
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Date:

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 163405

July 28, 1980

Titie: Failure of 76 Control Rods to Insert at Browns Ferry 3

The failure sequence was:

1.
2.

3.

4.

5.

6.

7'

9.

10,

The reactor was being shut down for maintenance on the feedwater
system following steady state operation at 400 MWe (372 power).
Power was reduced to 390 MWe by decreasing recirculation flow and
inserting 10 control rods.

Normal operating procedures at Browns Ferry involve scramming the
reactor from about 30% powar, so the operator initiated a manual
scram.

All the west bank rods scrammed full-in except rod 30-23 which set-
tled at position "02,"

However, due to excess water in the east bank scram discharge
headers, 75 out of 88 east bank withdrawn rods failed to fully in-
sert, coming to rest at various positions from 46 to 02,

This first scram was sufficient to reduce the reactor power from
36% to less than 2%, but not to subcriticality. Water level was
maintained by the feedwater control system.

The scram discharge volume was dralned for periods of 93 and 53 s
respectively and the reactor was manually scrammed two additional
times. On each occasion additional rod insertion occurred.

The scram discharge volume was allowed to drain again for 160 s,
Finally the reactor auto scrammed on high drain volume when the
auto scram bypass was removed. The remaining withdrawa control
rods then inserted at normal speed to the fully {nserted position.
The total time that elapsed between the initial scram and final in-
sertion of all the control rods was 14 amin.

Corrective action

l.

2.

‘,‘

The operator manually scrammed all rods. Scram discharge volumes

were drained and the bypass was removed from the high-level-drain

scram interlock.

An investigation was initiated to identify the problem. No

problems were identified with the electrical/control system,

hydraulic control unit valve lineup, vent and draln piping (l.e.,

no line blockage found), or seal inleakage to the SDV. The cause

for the excess water (n the east SDV was not identified.

The following measures were to be incorporated promptly to ensure

adequate dralnage of the scram volume headers:

4. Monitor the scram discharge headers daily.

b. Increase the test frequency of the scram discharge volume level
switches to once per month,

¢. Develop procedures to verify that the scrau discharge volume {is
free of residual water following each scram and before startup.
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d. Visually inspect each hydraulic control unit daily o ensure
that the manual valves are in their normal position.

e. Verify daily the normal position indication of SDV vent valves
and drain valves.

f. Additional requirements of IE 80-17 will be implemented in
accordance with that document.

Design purpose of failed system or component:

The scram system is designed to rapidly insert control rods for
prompt reduction of the reactor power.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 163405

LER NO,: B80-024 Rev. 1

DATE OF LER: July 28, 1980

DATE OF EVENT: June 28, 1980

SYSTEM INVOLVED: Reactivity control

COMPONENT INVOLVED: Scram discharge volume
CAUSE: Insufficlent drainage from east SDV
SEQUENCE OF INTEREST: Control rods fail to (lansert
ACTUAL OCCURRENCE: Fallure of 76 control rods to insert
REACTOR NAME: Browns Ferry 3

DOCKET NUMBER: 50-296

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 1065 MWe

REACTOR AGE: 3.9 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Tennessee Valley Authority
OPERATORS: Tennessee Valley Authority

LOCATION: 10 miles MW of Decatur, Alabama
DURATION: 1/2 of taterval from last scram, 240 h (estimated)
PLANT OPERATING CONDITION: 137X power

TYPE OF FAILURE: Inadequate performance

DISCOVERY METHOD: Operational event
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COMMENT: The analysis done on the control rod pattern that resulted
from the scram showed that if the scram had occurred at 100%
power, the maximum power after the scram would have been 345
MW(t) [see Nuclear Safety, 23(5), September-October 1982].
The after-scram power level would likely have been even higher
if scram had been demanded at 100X power because some or all
of the east side control rods (5) that were manually inserted
as part of the power reduction procedure could have also
failed to fully insert.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 163478

Date:

July 10, 1980

Title: HPCI and RCIC Fail to Inject Following Scram at Hatch 1

The failure sequence was:

1.

2.
3.
b

,.

LR

At 99.4% power, an erroneous reactor high water level signal {(niti-
ated tripping of the feedwater puaps and the tucbine/generator,
which subsequently resulted in a reactor scram.

The reactor water level dropped to the low-low level set point,

The feedwater pump started but tripped since the MSIVs were closed.
On low low level the HPCI system received an auto-initfation signal
but falled to inject water into the reactor due to automatic
isolation of the HPCI turbine caused by the initial high steam
pressure to the HPCI turbine.

RCIC was manually initiated during the event, but failed to start
and remained inoperable throughout the event,

About 5 min after the eveat began, the operators cleared the HPCI
steam supply isolation trip and HPCI auto-initiated successfully
and injected water into the core.

Corrective action:

1.

z'

3.

The HPCL isolation, due to steam line high pressure differential,
was caused by the turbine speed controller being out of
calibration, The system was recalibrated and HPCI tested
satisfactorily.

The RCIC failure, determined to be due to a faulty limit switch
and/or relay, was corrected by replacement of both components., The
system was then tested satisfactorily.

Calibration surveillance and test procedures were heilng revised to
include cold quickstarts of both HPCI and RCIC,

Design purpose of falled system or component:

RCIC provides RCS makeup following reactor trip or loss of

feedwater, HPCL provides cooling to the core givean a small break LOCA.
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CATEGORIZATLON OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 163478

LER NO.: 80-069

DATE OF LER: July 10, 1980

DATE OF EVENT: June 26, 1980

SYSTEM INVOLVED: HPCI and RCIC systems

COMPONENT INVOLVED: HPCI speed controller; RCIC trip switch and relay
CAUSE: Failed components, lmproper calibrating procedures
SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: HPCI and RCIC fail to inject following scram
REACTOR NAME: Hateh 1

DOCKET NUMBER: 50-321

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 777 MWe

REACTOR AGE: 5.8 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Georgia Power Co.

LOCATION: 1l miles north of Baxley, Georgla

DURATION: N/A

PLANT OPERATING CONDITION: Power not specified prlor to scram
TYPE OF FAILURE: Falled to start

DISCOVERY METHOD: Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 163499
Date: July 17, 1980
Title: Reactor Coolant Pump Seal Failure at Arkansas Nuclear |

The fallure sequence was:

l. With the reactor at 861 power, reactor coolant pump (RCP) “"C" seal
failed, resulting in excessive RCS leakage to the containment.

2. A controlled power reduction was begun, and approximately one~half
hour later letdown was secured to reduce RCS inventory loss. RCS
leak was estimated to be 10-20 gpm.

3. RCS leak rate increased during the power reduction and the plant
was subsequently rapidly taken off line. RCP "C" was tripped after
the turbine was taken off line but with the reactor critical.

4. RCS leak rate increased substantially when RCP "C" was tripped, and
the RCP "C" lift pumps were started and stopped four times in
succession in an attempt to ceduce the leak rate. On the fourth
attempt a reduction in leak rate was noticed. RCS leak rate had
increased to a maximum of approximately 350 gpm.

5. The reactor was manually tripped and HPI pumps B and C started and
all HPI valves opened to provide RCS makeup. The RCP "C" seal
return line was isolated to prevent inventory loss through that
line and RCP seal flow increased to quench the steam/water leaking
by the failed seal,

6. A one~half psi increase in containment pressure occurred and the
reactor bullding emergency coolers were put in service to minimize
the pressure increase.

/+ Ome HPI pump was secured and the HPI valves closed 1.3 hours after
the seal failure. Two HPI pumps were used to provide continued RCS
makeup from the BWST,

B, Individual SLBIC trains were inadvertently initfated twice during
the cooldown, resulting in start of the turbine-driven EFW pump.
This pump was subsequently stopped and the auxiliary feedwater pump
lined up to feed the steam generators,

9. During the RCS cooldown, containment entry was required to isolate
the two core flood tanks to prevent their discharging into the RCS
below 600 psig. A decrease in core flood tank level of 18 in. and
12 in. occurred prior to effecting isolation.

10, Throughout the incident a greater than 100°F margin to saturation
existed. Approximately 60,000 gallons of water collected f{n con=
tainment,

Corrective action:

l. The failed seal was examined and extensive damege observed. The
cause of the damage could not be {dentified with certainty,
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2. All remaining RCP seals were inspected and evidence cof high
temperature operation observed. All seals were replaced.

3. The CFT isolation valve controls were relocated outside containment
to facilitate access,

Design purpose of failed system or component:

The RCP seals provide a pressure boundary against RC system pressure
at the rotating shaft of the puap.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 163499

LER NO,: B80-015 Rev. 1

DATE OF LER: July 17, 1980

DATE OF EVENT: May 10, 1980

SYSTEM INVOLVED: Reactor coolant system
COMPONENT INVOLVED: Reactor coolant pump seals
CAUSE: Seal failure

SEQUENCE OF INTEREST: Small break LOCA
ACTUAL OCCURRENCE: RCP "C" seal fallure
REACTOR NAME: Arkansas Nuclear i

DOCKET NUMBER: 50-313

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: B850 MwWe
REACTOR AGE: 5.8 years

VENDOR: Babcock & Wilcox
ARCHITECT-ENGINEERS: Bechtei
OPERATORS: Arkansas Power & Light
LOCATION: 6 miles NW of Russellville, Arkansas
DURATION: N/A

PLANT OPERATING CONDITION: 86X power
TYPE OF FAILURE: Inadequate performance
DISCOVERY METHOD: Operational event

COMMENT: See also: NS'C 165417 Arkansas Nuclear 1, 50=313, LER RO=-015R,

April 13, 1981, and Nuclear Safety, Vol. 22, No. 2, March-
APl‘ll l’sl. PP 237~ .
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 164149
Date: February 12, 1981
Title: 1solable Small Break LOCA at Robinson 2

The failure sequence was:

l. With the plant at 100%, the "A" electrohydraulic control oil pump
developed a seal leak and a plant shutdown was begun. The "B" EHC
pump was already out of service because of vibration problems.

2, The "B" feedwater and condensate pumps were stopped due to erratic
feedwater pump behavior.

3. Immediately following the opening of the generator output breakers
(6% power), the turbine governor valve spiked open (apparently due
to the electrohydraulic problems) and generated a momentary high
steam flow signal. This, in combination with an existiug low T
signal resulted in train B safequards initiation., (Train A did not
initiate nor did the MSIVs close, appareutly because of the short
duration of the uhigh steam flow signal). The SI signal tripped the
reactor,

4, The "A" SI train was manually actuated and the MSIVs were closed.

5. The "A" containment fire alarm was received shortly after the SI
actuation,

6. During the automatic {solation of the letdown line on safety
injection, relief valve CVC-RV-203 bellows ruptured, either because
of the relatively slower closure of valves upstream of the relief
valve compared with those downstream of it, or because of leakage
past the upstream valves, In addition, a pressure surge due to the
isolation valves closing caused a drain cap on a partially open
drain valve to be blown off,

7. Having determined that a spurious SI had occurred and unaware of
the above fallure, the operators reset SI and feedwater isolation
and restored letdown,

8. Containment pressure and dewpoint increased and RCS pressure de~
creased. Letdown was secured approximately 15 min later. A con=-
teinment entry was made in an attempt to determine the leakage
path, Approximately 3000 gallons of water were in the containment
sump at that time.

9. After letdown was isolated, pressurizer pressure continued to de-
crease. A second safety injection occurred on low pressure, Both
trains of safeguards equipment actuated.

10, Four hours after the first contalnment entry a second entry was
made and the leaking drain line identified, The two upstream level
control valves were leaking at approximately 57 gpm. The drain
valve was closed.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 164149

LER NO.: B81-005

DATE OF LER: February 12, 1981

DATE OF EVENT: January 29, 1981

SYSTEM INVOLVED: Containment chemical volume control system

COMPONENT INVOLVED: Relief valve, drain valve, pipe cap, pressurizer
spray valve

CAUSE: Bellows rupture, drain valve vibrated open, pipe czp blew off,
leaking spray valve

SEQUENCE OF INTEREST: Small break LOCA

ACTUAL OCCURRENCE: Small break LOCA

REACTOR NAME: H. B. Robinson 2

DOCKET NUMBER: 50-261

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 700 MWe

REACTOR AGE: 10.4 years

VENDOR: Westinghouse

ARCHITECT-ENGCINEERS: Ebasco

OPERATORS: Carolina Power & Light

LOCATION: 5 miles MW of Hartsvilia, South Carolina

DURATION: N/A

PLANT OPERATING CONDITION: 100% power (6% at time of trip)

TYPE OF FAILURE: Small LOCA

DISCOVERY METHOD: Operational event

COMMENT: Additional information: "Engineering Evaluation of the H. B.
Robinson Reactor Coolant System leak on January 29, 1981,"

Office for Analysis and Evaluztion of Operational Data, March
23, 1981.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 164453
Jate: February 2, 1981

Title: Brief loss of Offsite Power and Degraied Load Shed Capability at
San Onofre 1

The failure sequence was:

1. With the reactor in cold shutdown, an operator intended to transfer
kV buses 1-C and 2-C from auxiliary transformer C to auxiliary
transformers A and B.

2. The operator opened the bus tie breaker by mistake instead of the
auxiliary transformer C bus supply breakers.

3. Buses 1-C and 2-C de-energized as auxiliary transformer C de-ener-
glzed, de-energizing CVCS, RHR, CCW and SWC pumps.

4. Both diesel generators started and were available for loading.

5. Bus IC source breaker 11C02 did not open to shed 1sads on bus IC
because dc bus control power to the undervoltage logic scheme was
deenergized due to a mispositioned switch.

Corrective action:

Power was restored by reenergizing auxiliary transformer C within
seconds. The station was to implement administrative controls on
safety-related dc control circuits prior to the end of the refueling
outage.

Design purpose of failed system or component:

Offsite power provides the preferred source of power to safety-
related loads when the unit generator is not available.

Load shedding is provided to strip safety-related buses of all
large loads prior to initiation of the diesel loading sequence. This
prevents overloading of the diesel due to starting surges.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 164453

LER NO.: 80-038 Rev. 1

DATE OF LER: February 2, 1981

DATE OF EVENT: November 22, 1980

SYSTEM INVOLVID: Offsite power

COMPONENT INVOLVED: 4 kV bus circuit breakers

CAUSE: Operator error

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP and degraded load shed capability

REACTOR NAME: San Onofre |

DOCKET NUMBER: 50-206

REACTOR TYPE: PWR

DESICN ELECTRICAL RATING: 436 MWe

REACTOR AGE: 13.4 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Southern California Edison

LOCATION: 5 miles south of San Clemente, California

DURATION: N/A

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF FAILURE: Failed to start

DISCOVERY METHOD: Operational event

COMMENT: The utility believes the dc control switch was mispositioned
during the current refueling outage, although this cannot be

confirmed. See also NSIC No. 161910 (San Onofre, 50-206, LER
80-038, Dec. 9, 1980).




NSIC

Date:

PRECURSOR DESCRIPTION AND DATA

Accession Number: 164617

January 30, 1981

Title: Partial loss of dc Power and Diesel Generator Trip at Millstone 2

The ¢

ailure sequence was:

l.

With the reactor at 100X power, 125 volt dc emergency bus A was
deenergized when the main feeder breaker connecting the battery and
its charger outputs to this bus was inadvertently opened by a plant
equipment operator intending to take ground readings on the bus.
The deenergization of the bus resulted in the removal of control
power to the reactor trip breakers, causing a reactor scram. All
control room annunciators were lost.

The tutbine trip which normally follows a reactcr trip did not
occur because of the unavailability of dc bus A,

The A diesel generator started on loss of control power to the air-
start solenoids. (Because of the loss of control power, the diesel
would not have auto-closed onto its bus, if required.)

The fast transferring of the in-house loads from the normal station
service transformer (NSST) to the reserve station service
transformer (RSST) which normally follows a turbine trip did not
occur because the transfer logic is powered from dc system A.

The failure of the fast transfer left open the two breakers through
which offsite power i{s fed to the "B" 6.9 kV bus and 4,16 kV emer-
gency bus. This resulted in the loss of offsite power to the “"B"

The loss of offsite power to the "B” 4.16 kV emergency bus resulted
in the starting and loading of the B diesel generator.

Since the two breakers through which power is fed to the "A" 6.9 kV
bus and 4.16 kV emergency bus did not operate because dc control
power was not available, offsite power remained available to the

The automatic opening of the main generator switchyard breakers
which normally follows a turbine trip did not occur because the
initiating signal to open the breakers could not be generated as a
result of the loss of dc system A, The main generator started to

The "A" 125 volt dc bus was reenergized by closing the main feeder

Time Approximately 30 Seconds
5. Turbine was manually tripped.
6.
y §8
buses.
8.
9'
“"A" train via the normal transformer.
10.
motor.
Time Approximately 50 Seconds
11.
breaker.
12.

With dc control available, the "A" 4.16 kV emergency bus and 6.9 kV
bus were transferred from the normal to the reserve transformer.
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13.

14.

15.

16.

Time

The "A" diesel generator shut down automatically as a result of a
design feature which trips the diesel generator when dec control
power is restored. (Local reset required prior to restart.)

Upon restoration of dc power to system A, the main steam isolation
valves closed, tripping the main feedwater pumps. The auxiliary
feedwater pumps were started and water was supplied to both steam
generators.

Upon restoration of dc power, the "B” 6,9 kV bus was connected to
the reserve transformer. This connection was immediately lost due
to an overcurrent condition caused by attempting to start all the
loads in the bus at the same time. The supply breaker from the
reserve transformer to the "B" 4,16 kV emergency bus could not be
closed because the breaker was locked-out when the offsite was
previously lost.

The generator output breakers in the switchyard were opened by the
reverse power time delay relay, isolating the main generator from
the 345 kV switchyard.

10 Minutes

17.

18.

19.

20.

The "B" diesel generator tripped automatically because of a service
wster flange leak (a result of improper gasket compression during a
recent modification) which sprayed the electronic governor and
caused the diesel generator to trip. Because of this, the "B” 4.16
kV emergency bus was deenergized.

The load shed signal was overridden and the "B" 4,16 kV emergency
bus was reenergized from the reserve transformer.

Numerous {instruments powered from the “B" main were not available
as a result of blown fuses caused by increased currents to
inductive loads during the diesel trip.

Difficulty was experienced with RCS pressure control following res-
toration of power. The existing combination of two reactor coolant
pumps provided no significant pressurizer spray flow. The operator
did not associate the ineffectiveness of spray with greatly reduced
spray control but rather concluded that a "hard bubble” had
resulted from a collection of noncondensable gases in the
pressurizer. Approximately 2 h and 15 min into the event,
pressurizer pressure increased to 2380 psia, causing both power
operated relief valves to open for a short duration. The auxiliary
spray valve was subsequently used to control pressure.

Corrective action:

l.

2.

The emergency procedure for loss of a dc bus was revised to reflect
information gained during the event,

Circuit modifications were made to preveat the shutdown of a
running diesel upon reapplication of dc power, following a complete
loss of de to all control circuits, and to the fail-to-start
feature, the latter to preclude the possibility of forced shutdown
via operation of the shitdown relay in the event a diesel which
starts on an autostart signal does not achieve a speed of 250 rpm
in 12 seconds.

Instrument loops were to be protected with manufacturer-recommended
slow-blow fuses instead of the currently installed quick-blow
tuses.
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Reactor at Power Restored Power Restored Power Provided | Auxilary Bleed Potential Sequence
Full Power to dc Bus A to dc Bus A to 4.16-kV Bus Feedwater and Severe No.
and Inadver- Prior to Main Subsequent to B After Diesel and Feed Core
tent Trip of | Generator Reverse |Main Generator Generator Trip | Secondary | Cooling | Damage
dc Bus A Power Relay Reverse Power Heat
Operation Relay Operation Removal
No 1
r————— No 2
Yes 3
No 4
Yes 5
No 6
e
TR 7
bee—————  Yes 8
No 9
Yes 10
No 11
Yes 12

NSIC 164617 ~ Sequence of Interest for Loss of dc Bus and Diesel Generator Trip at Millstone 2

791-4
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COMMENT

Had the, "A" dc bus not been restored prior to complction of
the main generator reverse power time delay relay operation
{dc power was restored at ~50 seconds, the relay operated at
~60 seconds), then a station blackout would have occurred when
the "B" diesel generator tripped., Power could have been made
available to affected buses by manual operation of breakers.
See also NRC Operating Reactor Event Memorandum No. 81-31:
Loss of Direct Current (DC) Bus at Millstone Unit 2, March 31,
1981.
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Date:

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 164703

May 18, 1981

Title: Loss of offsite power at La Crosse

The failure sequence was:

1.
2.

3.

The reactor was operating at 28% power.

The switchyard operator was directed to open a switch in response
to another situation, but he opered the wrong switch, disconnecting
the auxiliary transformer from the 69 kV transmission line. This
resulted in a loss of all offsite power.

The reactor scrammed and the diesel generators started
automatically and supplied the required vital loads.

Corrective action:

l.
2.

3.

Offsite power was restored within 14 min.
Practices were revised to require outside switching order to be
executed in the presence of a second person whenever possible.

Additional practical training was to be provided on the switchyard
for all operators.

Design purpose of failed system or component :

Offsite power provides the preferred source of power to plant loads

when the unit generator is unavailable.




28% power disconnecting offsite operates Severe
power networks Core
J Damage

Reactor operating at Operator switching error Emergency power 1 Potential

No - separate diesel-
powered service
water system avail-
able for core cooling
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NSIC 164703 - Actual Occurrence for Loop at LaCrosse
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 164703

LER NO,: 81-002 Rev. 1

DATE OF LER: May 18, 1981

DATE OF EVENT: February 1, 1981
SYSTEM INVOLVED: Offsite power
COMPONENT INVOLVED: Switch

CAUSE: Operator error

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP

REACTOR NAME: La Crosse

DOCKET NUMBER: 50-409

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 50 MWe
REACTOR AGE: 13.6 years

VENDOR: Allis-Chalmers
ARCHITECT-ENGINEERS: Sargent & Lundy
OPERATORS: Dairyland Power Cooperative
LOCATION: 19 miles south of LaCrosse, Wisconsin
DURATION: 14 minutes

PLANT OPERATING CONDITION: 28% power
TYPE OF FAILURE: Made inoperable
DISCOVERY METHOD: Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 164955
Date: March 26, 1981
Title: Loes of HPCI and RCIC Systems at Hatch 1

The failure sequence was:

1. With the reactor in shutdown, RCIC had been remcved from service to
perform an overspread trip test which failed.

2., A HPCI system oil line had been stepped on causing damage to the
line,

3. During a HPCI test, the HPCI turbine vibration caused the damaged
oil line to break.

4, HPCI was declared inoperable.

Corrective action:

l. The line was repaired and the HPCI test performed satisfactorily.
2. Remaining HPCI and RCIC oil lines were inspected for damage.
3. Persoannel were cautioned not to step on oil lines.

Design purpose of failed system or component:

HPCI and RCIC provide high pressure core cooling in the event
normal cooling is lost.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSOKS

NSIC ACCESSION NUMBER: 164955

LER NO,: 81-013

DATE OF LER: March 26, 1981

DATE OF EVENT: February 28, 1981

SYSTEM INVOLVED: HPCI and RCIC

COMPONENT INVOLVED: HPCI  broken oil line); RCIC (unknown)
CAUSE: Personnel error

SEQUENCE OF INTEREST: LOFW

ACTUAL OCCURRENCE: HPCI declared inoperable with RCIC inoperable
REACTOR NAME: Hatch 1

DOCKET NUMBER: 50-321

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 777 MWe

REACTOR AGE: 6.5 years

VENDOR: Geuneral Electric

ARCHITECT-ENGINEERS: Southern Services

OPERATORS: Georgla Power Co.

LOCATION: 11 miles north of Baxley, Georgia

DURATION: 8 h (estimated)

PLANT OPERATING CONDITION: Shutdown

TYPE OF FAILURE: Failed to start;
made inoperable

DISCOVERY METHOD: Surveillance testing

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 165438
Date: April 16, 1981
Title: Unavailability of Emergency Power at Hatch 1

The failure sequence was:

l. Unit 1 was shutdown for refueling and modification, while Unit 2
was operating at rated power.

2. As a part of a protective relay-breaker test, a loss of offsite
power test sequence was performed.

3. The test was initiated by locking out the normal startup
transformer 1D by tripping its protective relaying. The diesels
started and the standby transformer 1C assumed emergency bus loads,
both of which are correct responses.

4, The test then continued with locking out of the standby startup
transformer IC by tripping its protective relaying. The diesel
breakers should have autoclosed in response but did not, due to a
fallure in disk rotation in two undervoltage relays in the lockout
trip relay logic for the IC transformer.

5. The emergency buses for Unit 1 remained deenergized until normal
power was manually restored.

6. Unit 2 entered an LCO, since Unit | standby gas treatment
operability (which is dependent upon diesel emergency power) is a
requirement for Unit 2 operation (because of common operating
areas).

Corrective action:

l. The failure was traced to the undervoltage relays, which were re-
moved, checked and returned t  operable status.

2. The LOOP test was rerun successfully.

3. The relays were checked for disk movement upon loss o. PT voltage
the next day for both units and were found working properly.

4. The present application of the relay remained under investigation.

Design purpose of failed system or component:

The emergency power system is designed to provide essential ac
power in the event the normal plant power is unavailable.
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Loss of Reactor Diesel | Standby RCIC/HPCI Automatic LPCI Long Potential Sequence
Offsite Scram Start | Liquid Response Depressuri - or CS Term Severe No.
Power and Control Adequate zation Response Core Core
Load Initiated System Adequate Cooling Damage
Operates
No 1
—_———— Yes 2
pe———— NO 3
——— ——  Yes 4
Yes 5
} Yes 6
F 4
4
:: (F) No 7
p
——————  Yes 8
Yes 9
. No 10
Yes 11
Yes 12
e Yes 13
¥ ®
Yes 14

NSIC 165438 - Sequence of Interest for Unavailability of Emergency Power at Hatch 1

LST-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 165438

LER NO.: 81-026

DATE OF LER: April 16, 1981

DATE OF EVENT: April 5, 1981

SYSTEM INVOLVED: Emergency power

COMPONENT INVOLVED: Relays

CAUSE: Mechanical failure

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Emergency buses falled to energize during LOOP test
REACTOR NAME: Hatch 1

DOCKET NUMBER: 50-321

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 777 MWe

REACTOR AGE: 6.7 years

VENDOR: General Electric
ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Georgia Power Co.

LOCATION: 11 miles north of Baxley, Georgia
DURATION: 360 h (estimated)

PLANT OPERATING CONDITION: Refueling

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Surveillance testing
COMMENT: Power could be restored to the buses, given failure of the

auto closure, by manual loading of the diesels from the
control room.




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 165900
Date: April 21, 1981
Title: Inadvertent Opening of Pressurizer Relief Valve at Haddam Neck

The failure sequence was:

l. With the reactor at 100% power, pressurizer PORV PR-SOV-570 and its
block valve PR-MOV-569 opened spuriously due to a connector coming
loose from pressure controller PC 401/3.

2. This resulted in an RCS pressure decrease from 2000 to 1980 psi.

Corrective action:

l. The connector was reinstalled., Actuation logic for the PORV and
block valve were modified from a one channel pressure signal to 2
out of 3 channels to prevent spurious actuations.

Design purpose of failed system or component:

The PORV provides overpressure protection for the RCS and prevents
challenges to the code safety valves.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 166072

Date:

May 19, 1981

Title: Damaged RHR Heat Exchangers at Brunswick 1

The failure sequence was:

l.

2.

3.

4.

5.

Oyster shells growing in the service water (SW) pipin; disiodged
and accumulated {a the tubing of the B RHR heat exchanger (HX).

The shell buildup resulted from the service water chlorination
system beiny out of service for an extended period of time.

The blockage in the HX tubes created a high precsure drop which
ultimately displaced the baffle plate normally separating the SW
inlet and outlet. The displacement allowed the service water to
bypass the HX tubes, rendering the heat removal capability
unavailable. This was discovered during a special inspection
conducted during a cold shutdown April 19, 1981,

The 1B HX was removed from service for repair while the 1A RHR HX
maintained the cold shutdown condition until April 25, 1981, when
the second service water pump for the 1A RHR HX was started.

The increased flow caused the 1A HX baffle to displace in the came
manner as the 18 HX, resulting in a loss of cooling. Shell huildup
in the 1A HX was also responsible for the high pressure drop condi-
tions leading to the baffle displacement.

Both RHR HXs for Brunswick 1 were unavailable for heat removal.

Corrective actlnq:

1.

2.

6'

An alternate shutdown cooling lineup was established using fuel
pool coolers, the condensate storage tank, and the core spray
system.

Temporary repairs were performed on the 1A heat exchanger and 1t
was returned to service while permanent repairs were still in
progress on the 1B heat exchanger. Permanent repairs for the 1A HX
were to follow return to service of the 1B HX,

Programs were belug pursued to monitor safety-related HX perfor-
mance, clean the X tubes and SW piping, and resume the SW
chlorination operation.

Plant procedures were to be revised to veant ' A «arvice water
system regularly.

Design purpose of falled system or compon:

The RHR system provides long~term cor. .oi ; mnarmal shutdown,

maintenance of cold shutdown, and heat remoy, . capabilii; for emergency
shutdown modes,
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B-166

CATEGORITATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSIOR NUMBER: 166072

LER NO,: 81-032

DATE OF LER: May 19, 1981

DATE OF EVENT: April 19, 1981

SYSTEMS INVOLVED: Residual heat removal

COMPONENT INVOLVED: RHR heat exchanger

CAUSE: Excessive pressure drop from aquatic growth

SEQUENCE OF INTEREST: LOCA

ACTUAL OCCURRENCE: none

REACTOR NAME: Brunswick Unit 1

DOCKET NUMBER: 50-325

REACTOR TYPE: BWR

DESIGN ELFCTRICAL RATING: 821 MWe

REACTOR AGE: 4.5 years

VENDOR: General Electric

ARCAITECT-ENGINEERS: United Engineers & Constructors

OPERATORS: Carolina Power & Light

LOCATION: 3 miles north of Southport, North Carolina

DURATION: 512 h (estimated). This includes half the test interval (360 h)
plus the period between the two failure discoveries (144 h)
plus 8 additional hours to make the temporary repairs and
return the lA heat exchanger to service.

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Special inspection




B-167

COMMENT:

Further information: NSIC 166019 (Brunswick 1, 50-325, LER
81-0005, April 30, 1981)., Feed and bleed using the main
feedwater and main steam systems could potentially be an
alternative for RHR cooling but may be difficult to implement
due to the potential radioactive environment of the
containment following a LOCA.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 166082
Date: May 7, 1981
Title: Loss of RCIC and HPCI Systems at Brunswick 2

The failure sequence was:

1. At approximately 37% power, during performance testing, the HPCI
system injection valve failed to open due to burned windings in the
valve motor operator.

2. The HPCI system was declared inopecable.

3. During subsequent testing of RCIC, a faulty resistor in the RCIC
turbine governor controls caused a loss of speed control, followed
by an overspeed trip, making the RCIC system {noperable.

4. Both HPCI and RCIC systems were lnoperable.

Corrective action:

1. The faulty HPCI valve motor operator, which was found to have
burned windings, was replaced, tested satisfactorily, and returned
to servica,

2. A thorough investigation of the HPCI failed motor windings dii not
reveal cause for the fallure.

3. The faulty RCIC resistor was replaced, and the system was tested
satisfactorily and returned to service.

Design purpose of failed system or component:

1. RCIC pro des reactor water level makeup following trip when the
feedwate system is unavailable.

2. HPCI proyv des reactor core cooling in the event of a small break
LOCA.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 166384

LER NO.: 81-009

DATE OF LER: May 22, 1981

DAT" OF EVENT: April 27, 1981

SYSTEM INVOLVED: Electrical system

COMPONENT INVOLVED: 4.16 kV buses

CAUSE: Operator error initiating electrical fault
SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP

REACTOR NAME: Monticello

DOCKET NUMBER: 50-263

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 545 MwWe

REACTOR AGE: 10.4 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Northern States Power Co,

LOCATION: 30 miles NW of Minneapolis, Minnesota
DURATION: N/A

PLANT OPERATING CONDITION: Refueling

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event

COMMENT :




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 166650
Date: June 19, 1981

Title: Safety Injection Supply Valve Found Unlocked and Closed at
Beaver Valley

The failure sequence was:

l. With the reactor at full power, the primary auxiliary building
operator discovered the normally locked-open emergency cooling
water supply valve to the safety injection pumps unlocked and
closed,

Corrective action:

l. The valve was reopened and locked in that position.

Design purpose of failed system or component :

The high head s “ety injection pumps provide water for RCS makeup

following a small break LOCA,




Reactor at
full power

Primary auxiliary building
operator discovers emergency
cooling water supply valve
unlocked and closed,
resulting in unavailability
of the high head safety
injection trains

Potential
Severe
Core
Damage

No - no requirement for safety injection during
period of time system was unavailable

Possible - if SI had been required before closed
valve had been opened

NSIC 166650 - Actual Occurrence for Safety Injection Supply Valve Found Unlocked and Closed at

Beaver Valley

LLT-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 166650

LER NO.: 81-047

DATE OF LER: June 19, 1981

DATE OF EVENT: June 6, 1981

SYSTEM INVOLVED: HMHigh pressure safety injection

COMPONENT INVOLVED: Suction valve

CAUSE: Normally locked open valve found closed

SEQUENCE OF INTEREST: LOCA

ACTUAL OCCURRENCE: Unavailability of high head SI systems

REACTOR NAME: Beaver Valley

DOCKET NUMBER: 50-334

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 852 Mwe

REACTOR AGE: 5.35 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Stone and Webster

OPERATORS: Duquesne Light Co.

LOCATION: 5 miles east of East Liverpool, Ohio

DURATION: 4.62 h

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operator observation

COMMENT: (1) On June 5, 1981, the utility also discovered the chains
used to lock the normally open emergency feedwater valves were
missing and could not be found. Those valves were in their

correct positions. (2) Additional information: Report to
Congress on Abnormal Occurrences, NUREG-0090, Vol. 4, No. 3.




Date:

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 166745

July 10, 1981

Title: Two Shutdown fequencers and Diesel Generator Fail at Palisades

The failure sequence was:

1.
2.
3.
4.

5.

With the reactor at 99% power, shutdown sequencer 34-5 failed to
operate during its monthly test. The prototype events recorder was
attached.

Diesel generator 1-2 was tested satisfactorily.

Sequencer 34-6 was tested and failed to operate apparently due to
binding in the clutch. The prototype events recorder was attached.
Diesel generator 1-l1 was tested and failed to reach rated
frequency.

Following cleaning of the 34-5 sequencer contacts, it was retested
successfully. No events recorder was attached. The events
recorder was then reattached and attempts to test-start loads
associated with the sequences were unsuccessful. This was
attributed to an inadequately isolated events recorder used during
the testing.

Corrective action:

l.

2.

l.

Sequencer 34-5 contacts were cleaned and the sequencer was returned
to service.

Sequencer 34-6 failure was nct repeatable; however the cluteh was
cleaned and lubricated and the sequencers were returned to service.

Design purpose of failed system or component:

The diesel generators provide power to safety-related loads when
the unit generator and offsite power sources are unavailable.

2. The sequencers function to automatically start selected loads
following a loss of offsite power event; the loads are sequenced to
prevent overloading of the diesel generators. Loads operated by
the sequencers are tabulated below.

34-5 (left channel) 34-6 (right channel)
o Service water pump P-7B o Service water pumps P7A and PJC
o Charging pump P-55C o Charging pumps P-55A and P-558
o Contalnment cooling RCIC fan V4A o Containment cooling recirc. fans

VIA, V2A, and V3A

Sequencer fallure would require the loads tabulated above to be manually
started following a loss of offsite power event,




Reactor at 992
power and sur-
veillance
testing in
progress

Shutdown sequencer
34-5 fails to oper-
ate due to dirty
sequence contacts

Shutdown sequencer
34-6 fails to oper-
ate due to an
apparent sticking
clutch

Diesel generator
1-1 fails to reach
rated frequency

AN

¥
4
4

vy

A
ALY

~»

LA AN 4L
B e B 2 o

Potential
Jevere
Core
Damage

No - no LOOP

No - no LOOP

NSIC 166745 - Actual Occurrence for Two Shutdown Sequencers and Diesel Generator Unavailable at Palirades

181-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 166745

LER NO.: 81-025

DATE OF LER: July 10, 1981

DATE OF EVENT: June 26, 1981

SYSTEM INVOLVED: Emergency power systems

COMPONENT INVOLVED: Sequencers and diesel generator
CAUSE: Dirty contacts, sticking clutch

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Loss of DG auto load capability and one DG failure
to reach correct frequency

REACTOR NAME: Palisades

DOCKET NUMBER: 50-255

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 805 MWe
REACTOR AGE: 10,1 years

VENDOR: Combustion Engineering
ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Consumers Power

LOCATION: 5 miles south of South Haven, Michigan
DURATION: 15 days (estimated)

PLANT OPERATING CONDITION: 99% power
TYPE OF FAILURE: Inadequate performance
DISCOVERY METHOD: Surveillance test

COMMENT: Manual start and load were available but potential DG overload
was possible,




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 167117
Date: July 7, 1981
Title: Switchyard Voltage Drops Below Low Limit at Rancho Seco

The fallure sequence was:

l. With the reactor in a heatup mode coming from cold shut down,
excessive electrical demand resulted in a reduction in switchyard
voltage to 207 kV. This is below the minimum voltage (214 kV)
assumed for analysis.

2. The reactor coolant pumps were tripped to avoid excessive tempera-
tures.

3. Two failures in the electrohydraulic control system for the turbine
generator occurred.

4. The diesel generators were started and provided power to the
safety-related buses,

5. The reactor was operated in the decay heat mode.

Corrective action:

Direct switchyard voltage indications and alarms were to be
installed to facilitate control room monitoring of switchyard voltages.

Design purpose of failed system or component :

Offsite power provides the preferred source of power to safety-
related loads. The vital buses have 2 power supplies, offsite power and
emergency diesel generators. The unit generator cannot directly power
these buses.




Reactor shutdown Reactor coolant Diesel Reactor heat
and excessive pumps tripped generators removal via
grid demand supply safety- decay heat
results in low related loads removal
switchyard system
voltalc

NSIC 167117 - Actual Occurrence for Effective Loop at Ranche Seco

Potential
Severe
Core

Mst

No

Possible

Possible

No

Possible

Possible

RCS heatup and use of turbine-driven
AFW train for natural circulation
cooling may provide adequate core
cooling

RCS heatup and use of turbine-driven
AFW train for natural circulatiomn
cooling may provide adequate core
cooling

RCS heatup and us: of turbine-driven
AFW train for natural circulation
cooling may provide adequate core
cooling

RCS heatup and use of turbine-driven
AFW train for natural circulation
cooling may provide adequate core
cooling

c8T-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 167117

LER NO.:
DATE OF

DATE OF

81-034
LER: July 7, 1981

EVENT: June 19, 198i

SYSTEM INVOLVED: Offsite power

COMPONENT INVOLVED: Switchyard

CAUSE:

Low switchyard voltages due to excessive load demand

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENM\ i: Effective LOOP

REACTOR

NAME: Rancho Seco

DOCKET NUMBER: 50-312

REACTOR

TYPE: PWR

DESIGN ELECTRICAL RATING: 918 MWe

REACTOR

VENDOR:

AGE: 6.8 years

Babcock § Wilecox

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Sacramento Municipal Utility District

LOCATION: 25 miles SE of Sacramento, California

DURATION: N/A

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF

FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event

COMMENT ¢

The safety features equipment called upon were the DGs, They
performed as designed and powered the vital buses, They did
not experience inadequate performance or inoperability. Also
see Accession 168548, Rancho Seco, 50-312, LER 81-039, Aug.
25, 1981.




Date:

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 167611

June 30, 1981

Title: Inadvertent Spray Initiation and Draining of Reactor Coolant

System at Sequoyah 1

The failure sequence was:

1.

2.

3.

1.

The unit was in cold shutdown on RHR train and preparing to bring
RHR train B on line,

To effect this, the unit operator sent an assistant unit operator
(AUO) to open locally operated valves |-HCV-74-37 and 531. Because
the RHR containment spray valve 1-FCV-72-40 had been tested for
operability earlier in the day, the auxiliary unit operator was
also instructed to check it for closure.

A later telephone conversation between the unit operator and aux-
iltary unit operator apparently confused the AUO regarding the
valves to be opened, and he opened all three valves which resulted
in initiation of containment spray.

The RCS began to blow down through the B RHR trailn and spray line
to the containment.

RCS pressure and pressurizer level decreased rapidly.

The operators, believing a LOCA had possibly occurred, tripped the
operating RC pumps.

The contalnment was evacuated,

Standard emergency (LOCA) procedures were ilmplemented:

4. contalnment purge was terminated,

b, the charging pumps were aligned to the RWST,

¢+ RHR suction valve to the RWST was opened.

Pressurizer level began to increase.

Forly three minutes after the event began, the operators learned
that the AUO had opened the spray valves and verified fts belag
open from the control board indicators, The valve was closed and
the RCS stabilized.

During the event, approximately 105,000 gallons of water had been
sprayed into the containment; 40,000 gallons from the RCS and
65,000 gallons from the RWST,

Corrective action:

1.

An extensive Initial investigation subsequently resulted in the

followlng actlons:

In order to clarify the duties and responsibilities of the shift
employees including the shift engineer, the structure of the
operating shift was revised and issued, The general
responsibilities and authorities of each position are described in
the job description provided to the {ndividuals when they are
appointed to the position., Administrative Instruction Al-2 has
been revised to describe the responsibilities and authorities of
each operating station,




3.

4,

5.

6.

7.

In order to ilmprove communications betweer shift personnel and
between ehift personnel and management, -~ (earer lines of communica-
tion wece provided between operating positions within a shift as
well as between operating shifts and other sections by revising the
shift structure, elarifying the communication paths, establishing
work location routines, improving che maintenance of telephones,
and investigating aiditional or differer. vaiio communications.

The environment in the main coottol room was lmproved by closer
supervision and compliance w'th 2stablished pclicles regarding con-
duct, access, and housekeaping,

The /selstant Sugaricten’'ent aid Operations Supervisor met with
each shift crew before restart to emphasize the conduct required by
Al-2., These discussiens stressed clear communications, control
room atmosphere, authorities and responsibilities of operating
personnel, and status control of safety-velated systems.
Discussions were also held with all key svpervisors emphasizing the
requirepents to Leep the shift engineer [ formed of work in
progress and his responsibility to keap control of activities
affecting safety,

An in-plant on-the~job training and certification system of non=-
licensed operating perscnnel was established,

All future nonlicensed .perating employees will, upon assignment to
Sequoyah, receive on-the-job break-in training and examinations
before assuning responsibiliity for any jo positien. A Sequoyah
Standard Practice describing this brea’~in was ‘ssued and
implemented.

In order to ensure that only qualified employeas are assigned to
perform functions that can affect the safety of operations, TVA
evaluated nonlivensed operating eaployees, specifically the
assistant unit operators and fourth-period atuden operators, to
determine each individual's qualifications and gompetence in regard
o perfocming operating functions that can affecc the safety of
operati.ns. The result of this evaluacion {8 a qualilication
status list which reflects the spectrum of nonlicensed operating
personnel's operating experience at Sequoyah, This llst will be
used to fL1l vacant shift positions,

Design purpose of fuli-d system or compouent:

The spray syscem provides water to the containment atmosphere for

containment deprsisurization and radionuclide scavenging. The RHR
system proytles core cooling during plant shutdown,




Coolant System at Sequoyah 1

Potential
Severe

Core

No -

Plant in cold

shutdown and sump

recircalation

capability
available

Possible - if RCS

drained and
core cooling
not eventually
restored

Possible - if RCS

Reactor at Assistant umit After opening Rapid RCS Charging Spray
cold shutdown | operator sent RHR wvalves, pressure and pumps valve
with RHR to open RHR ALUC opened pressurizer aligned to | discovered
train A in train B valves spray valve level decrease | RWST; RHR opened and
operation 1-HCV-74-37 and | in liea of results in suction closed

=531 to prepare | checking it initiation of valves to

for starting closed, ini~- LOCA emergency | RWST

train 8 and tiating con- procedure opened

to check closed tainment spray

containment through RHR

spray valve system

I-FCV-72-40

ﬂ.——— No
L 3

e

No

No

drained and
core cooling
not eventually
restored

NSIC 167611 - Actual Occurrence for Inadvertent Spray Initiation and Draining of Reactor

061-4



Reactor Containment RHR Pumps LOCA Procedures Spray Charging Potential Sequence
Recently Spray Valve Continue Initiated; Valve Pumps Severe No.
Placed in Inadvertently to Operate Charging Pumps Found Provide Core
RHR Follow- Opened in After Loss Aligned to RWST Opened Adequate Damage
ing Shutdown Lieu of of NPSh and Started, and RCS Makeup
From Power Checking Following RHR RWST Closed
Closed RCS Depres- Isolation
surization Valves
Opened
No
No
Yes
=
1
No o
y -
3
&
< e
Fo®
2
4
e e
¥ Yes
 ——ee e e
No
Yes
No

NSIC 167611 - Sequence of Interest for Inadvertent Spray Initiation and Draining of Reactor
Coolant System at Sequoyah 1




CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 167611

LER NO.: 81-021 Rev. 1

DATE OF LER: June 30, 1981

DATE OF EVENT: February 11, 1981

SYSTEM INVOLVED: Residual heat removal and ~ontainment spray
COMPUNENT INVOLVED: Spray isolation valve

CAUSE: Operator error

SEQUENCE OF INTEREST: Small break LOCA while on RHR
ACTUAL OCCURRENCE: 1Inadvertent spray {nitiation and RCS draining
REACTOR NAME: Sequoyah 1

DOCKET NUMBER: 50-327

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 1128 MWe

REACTOR AGE: 0.6 year

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Tennessee Valley Authority
OPERATORS: Tennessee Valley Authority

LOCATION: 9.5 miles NE of Chattanooga, Tennessee
DURATION: N/A

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 167624
Date: July 14, 1981

Title: Loss of Offsite Power and Failure of a Diesel Generator to Start
at Crystal River 3

The failure scquence was:

l. With the reactor at 100% power, lightning struck the 230 kV feeder
line.

2. The lighktning arrestor system failed to prevent loss of the CR-3
startup transformer, resulting ir loss of all ac power,

3. Diesel generator A started and loaded the A 4169 volt bus.

4. Diesel generator B failed to start due to a malad justed timing
relay. Power was provided to the B 4180 volt lLus from a fossil
plant startup transformer via manual connection by the operator.

5. The "B" DG was successfully started manually about 10 minutes i{nte
the transient and was allowed to run on standby until Unit 3 trans-
former was energized.

Corrective action:

Offsite power was restored approximately 4-6 h after the loss of
offsite power. The diesel was successfully started about 10 minutes
into the transient but was not connected to the buses. The diesel
timing relay was readjusted and incorporated into the surveillance
program.

Design purpose of failed system or component :

Offsite power provided the preferred source of power to safety-
related loads when the unit generator is unavailable., The diesel
generators provide power to the safety-related buses when both offsite
power and the unit generator ure unavailable.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 167624

LER NO.: 81-033

DATE OF LER: July 14, 1981

DATE OF EVENT: June 16, 1981

SYSTEM INVOLVED: Offsite power, emergency power
COMPONENT INVOLVED: Startup transformer, diesel generator

CAUSE: Lightning strike resulted in loss of the startup transformer,
timing relay malad justment resulted in diesel failure to start

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP plus diesel falilure to start
REACTOR NAME: Crystal River 3

DOCKET NUMBER: 50-302

REACTOR TYPE: PWR

DESICN ELECTRICAL RATING: 825 MWe
REACTOR AGE: 4.4 years

VENDOR: Babcock & Wilcox
ARCHITECT~ENGINEERS: Gilbert Associates
OPERATORS: Flerida Power Corporation
LOCATION: Red Level, Florida

DURATION: N/A

PLANT OPERATING CONDITION: 100X power

TYPE OF FAILURE: Failed to start;
made inoperable:

DISCOVERY METHOD: Operational event

COMMENT: See also NSIC 167119 (Crystal River 3, 50-302, LER 81-030,
July 1, 1981).




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 168548
Date: August 25, 1981
Title: Switchyard Voltage Drops Below Low Limit at Rancho Seco

The fallure sequence was:

l. With the reactor in hot shutdown, excessive electrical demand
resulted in a reduction in switchyard voltage to 206 kV. This is
below the minimum voltage (214 kV) assumed for analysis.

2. The diesel generators were started and provided power to the
safety-related buses.

Corrective action:

Direct switchyard voltage indications and alarms were to be
installed to facilitate control room monitering of switchyard voltages.

Design purpose of failed system or component :

Offsite power provides the preferred source of power to safety-
related loads. The vital buses have 2 power supplies, offsit. and
emergency diesel generators,
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LER NO,:

CAUSE:

VENDOR:

COMMENT:

OPERATORS:

LOCATION:

DURATION:

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 168548

81-039

DATE OF LER: August 25, 1981
DATE OF EVENT: August 7, 1981
SYSTEM INVOLVED: Offsite power
COMPONENT INVOLVED: Switchyard
Low switchyard voltages due to excessive load demand
SEQUENCE OF INTEREST: LOOP
ACTUAL OCCURRENCE: Effective LOOP
REACTOR NAME: Rancho Seco

DOCKET NUMBER: 50-312

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 918 MWe
REACTOR ACE: 6.9 years

Babcock o Wilcox

ARCHITECT-ENGINEERS: Bechtel

Sacramento Municipal Utility District
25 miles SE of Sacramento, California

N/A

PLANT OPERATING CONDITION: Shutdown

TYPE OF FAILURE: Inadequate performance;

made inoperable

DISCOVERY METHOD: Operational event

The safety feature equipment called upon was the DGs. They
performed as designed and powered the vital buses. They did
not experience inadequate performance or inoperability. Also
see Accession 167117 (Rancho Seco, 50-312, LER 81-034, July 7,
1981).




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 168829
Date: September 14, 1981

Title: Both Safety Injection Trains Inoperable Due to Valve Problems at
San Onofre 1

The failure sequence was:

1. With t'e reactor at 87% power, No. | regulated power supply failed
due to a filter choke failure.

2. This resulted in (1) failure of the dc power supplies for "A" steam
generator steam flow, feed flow, and narrow range level transmit~
ters; (2) failure of the feedwater flow and level controllers and
consequent full open travel of the "A" feedwater control valve; (3)
failure of all three loop steam flow and feed flow computers
resulting in erratic steam and feed flow indications and erratic
operation of the "B" and "C" feedwater control valves; and (4)
automatic transfer of dc power supplies to the backup source pro-
viding for manual operation of all feedwater control valves.

3. The operator manually tripped the reactor because of erratic indi-
catifons, erratic feedwater flow, and unresponsive controls.

4, Feedwater flow continued at varying rates (resulting in Ligh steam
generator levels) until reduced RCS pressure initiated a safety
injection signal at 1735 psi.

5. Feedwater flow was terminated by automatic transfer of the feed
pumps to safety injection service.

6. SI valves HVB51A and HVB51B failed to open as required because the
differential pressure across the valves prevented their
operation. Faflure of these valves to open rendered the SI system
inoperable. (Subsequent inspection, maintenance and testing
indicated that consistent reliable valve operation could not be
demonstrated with the feed pumps running).

7. RCS pressure decreased to 1700 psi and then recovered. Since feed
pump discharge pressure is limited to approximately 1200 psi, no
safety injection flow was required.

Corrective action:

l. The No. |l voltage regulator was first jumpered and then replaced.

2. The utility intended to implement changes requiring tripping of the
feed pumps and relieving valve internal pressure prior to opening
the safety injection valves.

Design purpose of failed system or component:

l. The regulated power supply provides an uninterruptible source of
power for various instrumentation and controls.

2. The safety injection system provides a source of wa*er for core
cooling following a LOCA,




Reactor at Erratic secondary- Manual Continued Valves HVB51A,
87% power side indications, reactor feedwater flow HVBS51B fail to
and loss of feedwater flow, trip resulting in open due to
#1 regulated and unresponsive steam generator differential
power supply controls overfill, RCS pressure,
cooldown, and rendering the
safety injection safety injection
initiation system unavailable
-
P4
2
P 4
K
Hk
I
f i
I
|
R L eventual J
auto trip
expected
—_——

Potential
Severe
Core
Damage

No - SI not
not required

NSIC 168829 - Actual Occurrence for Both Safety Iniection Trains Inoperable Due to Valve Problems at San Onofre 1
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 168829

LER NO,: 81-020

DATE OF LER: September 14, 1981

DATE OF EVENT: September 3, 1981

SYSTEM INVOLVED: Vital power, safety injection

COMPONENT INVOLVED: Regulated power supply, isolation valves

CAUSE: Filter choke failure, valves would not operate with normal dif-
ferential pressure

SEQUENCE OF INTEREST: LOCA

ACTUAL OCCURRENCE: Reactor trip, excessive cooldown, and failure of
safety injection system to operate

REACTOR NAME: San Onofre |

DOCKET NUMBER: 50-206

REACTCR TYPE: PWR

DESIGN ELECTRICAL RATING: 436 MWe
REACTOR AGE: 14,2 years

VENDOR: Westinghouse
ARCHITECT-ENGINEERS: Bechtel
OPERATORS: sSout*ern California Edison
LOCATION: 5 miles south of San Clemente, California
DURATION: 871 days

PLANT OPERATING CONDITION: 87% power

TYPE OF FALLURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event




COMMENT:

NSIC 168830 provides additional information. Valve opera-
bility was satisfactory during installation testing prior to
plant startup on April 11, 1977, Subsequently the valve sur-
faces degraded until they failed in 1981. There was no demand
for valve operation in-service or full differential testing
between installation and September 1981.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 169042

LER NO,: B80-013 Rev. 1

DATE OF LER: August 13, 1981

DATE OF EVENT: April 7, 1980

SYSTEM INVOLVED: Offsite power, high-pressure injection
COMPONENT INVOLVED: Transmission lines, valve

CAUSE: Tornado damage to transmission lines, failure of valve to open
due to stuck manual engaging lever

SEQUENCE OF INTEREST: LOO®

ACTUAL OCCURRENCE: LOOP and failure of HPI valve to open
REACTOR NAME: Arkansas Nuclear Unit 1

DOCKET NUMBER: 50-313

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 850 MWe

REACTOR AGE: 5,7 years

VENDOR: Babcock & Wilcox

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Arkansas Power and Light

LOCATION: 6 miles NW of Russellville, Arkansas
DURATION: N/A

PLANT OPERATING CONDITION: 1002 power

TYPE OF FAILURE: Made inonerable;
failed to open

DISCOVERY METHOD: operational event

COMMENT :
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 169587
Date: November 4, 1981
Title: Safety Injection Path to RCS 'Jbstructed at Turkey Point 4

The failure sequence was:

l. At the beginning of a refueling cutage and while conducting a
routine periodic test during pertial draining of the RCS, the flow
path to the RCS associated with the boron injection tank (BIT) was
found obstructed.

2. The apparent cause of the obstruction was reduced temperature
resulting from missing insulation in the vicinity of a 4~in. tee at
the inlet to the BIT.

3. As a result of the obstruction, the safety injection flow path from
all high head safety injection pumps to the RCS cold legs were
blocked. A flow path to the hot legs was verified to be operable
by establishing flow.

Corrective action:

1. The flow path was reestablished by alternating pump operation and
raising the thermostat setting for the related heat tracing.

Design purpose of failed system or component:

The safety i‘njection system provides high-pressure replacement
water to the RCS during a LOCA and steam line break. This system also
provides boron injection for steam break return to power considerations.




R&actor beginning
refueling outage

Safety injection system
blocked by boric acid
solidification

Potential
Severe
Core
Damage

No - no requirement for safety injection

No

NSIC 169587 - Actual Occurrence for Safety Injection Path to RCS Obstructed at Turkey Point 4

11z-4
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSTON NUMBER: 169587

LER NO.: 81-011

DATE OF LER: November 4, 1981

DATE OF EVENT: October 21, 1981

SYSTEM INVOLVED: Safety injection

COMPONENT INVOLVED: 4~in. piping tee

CAUSE: Boric acid solidification blocked tee
SEQUENCE OF INTEREST: LOCA

ACTUAL OCCURRENCE: Unavailability of high head safety injection paths
REACTOR NAME: Turkey Point 4

DOCKET NUMBER: 50-251

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 693 MWe

REACTOR AGE: 8.4 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Florida Power & Light

LOCATION: 25 miles south of Miami, Florida
DURATION: 360 h (estimated)

PLANT OPERATING CONDITION: Entering refueling shutdown
TYPE OF FAILURE: Made inoperable

NISCOVERY METHOD: Testing

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 170098

Date:

November 19, 1981

Title: Two Boron Injection Tank Inlet Valves Fail to Open at Salem 1

The failure sequence was:

1.
2.
]'

6.

With the reactor in hot shutdown following 2 reactor trip, replace~
ment of inverter lA cabinet fan unit fuses was in progress,

A voltage transient induced in the inverter control wiring resulted
in loss of the Inverter and loss of vital bus 1A,

An inadvertent safety injection occurred due to an apparent high
steam flow indication caused by loss of the vital bus.

During the safety Injection, boron injection tank inlet valves 15J4
and 18J5 falled to open due to boric acid crystallizaiion on the
valve stems.

Corrective action:

2.

The vital bus was removed from the inverter and connected to its
alternate Solatron power source.

The BIT inlet valves were cleaned and stroked. The valve opeator
torque settings were increased.

Design purpose of failed system or component:

The BIT provides a source of high concentration boric acid to miti-

gate a potential return-to-power condition following a steam line break.




Reactor in hot
shutdown fol-
lowing a
reactor trip

During replacement of
inverter 1A cabinet

fan unit fuses, a volt-
age transient was
induced in the inverc-
er control wiring,
resulting in loss of
1A inverter and loss

of the 1A vital bus

Safety injection
occurs due to high
steam flow indica-
tion caused by loss
of vital bus

Boron injection
tank inlet valves
1834 and 1S8J5 fail
to open fully due
to boron crystal
accumulations on
the valves

A AL

T

A _A_A &
bgme e

N -

Potential
severe
core
damage

No - inadvertent
SI

NSIC 170098 - Actual Occurrence for Two Boron Injection Tank Inlat Valves Fail to Open at Salem 1
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CATEGORIZATION OF ACCIDEYNI SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 170098

LER NO.: 81097

DATE OF LER: Novembder 19, 1981

DATE OF EVENT: November 6, 1981

SYSTEM INVOLVED: Safety injection

COMPONENT INVOLVED: BIT inlet valves

CAUS%: Boric acid crystal buildup around valve stems
SEQUENCE OF INTEREST: Main steam line break (MSLB)

ACTUAL OCCURRENCE: BIT inlet valves failed to open on demand from inad-
vertent SI signal

REACTOR NAME: Salem |

DOCKET NUMBER: 50-272

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 1090 MWe

REACTOR AGE: 4.9 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Public Service Gas and Electric
OPERATORS: Public Service Gas and Electric

LOCATION: 20 miles south of Wilmington, Delaware

DURATION: 360 hours (estimated)

PLANT OPERATING CONDITION: Hot shutdown following trip

TYPE OF FAILURE: Inadequate performance

DISCOVERY METHOD: Operational event




B- 218

COMMENT: 1. Valves may have opened sufficiently to permit boron
injection for MSLB mitigation. However, the uatility
reported BIT dilution only after stroking the valves
during subsequent maintenance.

2. Additional information: LERS 81-~111/03L, 81-112/03L, 81~
110/03L.

3. During the insivertent SI, fan coil ualt No. 11 failed to
start in the slow speed mode due to a failure to close of
the autcmatic trip shutter on the low speed circuit
breaker when the breaker was racked in. This resulted in
the breaker tripping every time it was reset.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accessicn Number: 170199
Date: October 27, 1981

Title: Unavailability of Diesz] Generator an’ Component Cooling Water
Train at Kewuunee

The failure saquence wast

l. With the reactor at 100% power, diesel generator 18 was removed
from service for maintenance.

2. Later in the shift, the 1A component cooling water heat exchanger
was isolated and the supply motor operated valve breaker opened.
This resulted (n unavailability of both component cooling water
trains in the event a LOOP,

Corrective action:

The unavailability was .iscovered when servic.: water was restoved.

Design purposs of failed .y=tem or component:

The dlesel gencrator provides power to safety-related loads when
the unit generator and offsite power sources are unavailable. The
component cooling water system provides cccling water for the RC pumps,
RHR heat exchangers, and safety injection pumps as well as other
equipment,




B-220

JUNEBMIY I® UTRIL MDD PUR 103BIBUI) [9SBIQ O %uwdwnﬂﬁwwsrﬂﬂz J03 IDUDIANDD() TeENIDY - H6TOLT JISN

dO0'T ou - OoN

adwueg
9309
213A95
[PIIualjod

dooy ® jo
JUIAD IYI Ul SULRII MOD
yioq jo L3jTIqelrERA®uUn
uy Bup3insaz ‘peajeros;
298ueyoxa eIy y1 ureIl
293em Fuprcod juauodmon

2ouRUIIUTEE 10
9OTAIIS WOIJ pAAOWAL
g1 103R19uaB yasayq

aamod 2001
I® 103099y




B-221

sIunemay e

uje1] 1aley Fuj(00) Jueuodwo) PUR I0IVIIUSY [$SIFG O AIT[FQE[TPARU) 10j 3182193uU] jO adusnbag - 6610.1 DJISN

£l o |
4 ON
A sa)

ot ON

s sa)

® £3)

afwmeq

2109

*ON daaa3g
@ouanbag 1e1Iual0g

) ¥ ¥
oo
(42) F
.
\‘
A
X
¥
- Sovmu
(20) 4
(42) ——
_ sper] ISNOy
Bujjoon 21Inso1) TeAcmay Ieay sauWnssy pue
310) uoyioafuy dAaT®A UOY] L1epuooag aamog yoeg suny 1amog
wiay 2anssaiy ~-BTOS] AN¥Od papurwmaq pue 133empaag Aouva® 103IRIBUIY 2318330
guon 43R 10 ANOd A¥O4 Liejyyxny | 33y sujqang | jo sso




NSIC ACCESSION NUMBER:

LER NO,:

DATE OF LER:

DATE OF EVENT:

SYSTEM INVOLVED:
COMPONENT INVOLVED:
CAUSE:

SEQUENCE

ACTUAL OCCURRENCE:

REACTOR NAME:

DOCKET NUMBER:

REACTOR TYPE:

DESIGN ELECTRICAL RATING:

REACTOR AGE:

VENDOR :

ARCHITECT-ENGINEERS:

OPERATORS :

LOCATION:

DURATION:

PLANT OPERATING CONDITION:

TYPE OF FAILURE:

DISCOVERY METHOD:

COMMENT:

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

170199

81-033

October 27, 1981

October 16, 198]

Component cooiing water and emergency power

CCW heat exchanger and diesel generator

Operator error

OF INTEREST: LOOP

Concurrent unavailability of diesel generator and
alternate COW train

Kewaunee

305

PWR

535 MWe

7.6 years

West inghouse

Flour Power

Wisconsin Public Service Co.

27 miles east of Green Bay, Wisconsin

50 mip

Full power

Made {noperable

Operator observation

Upon the concurrent occurrence of LOOP and $1, manual action
would have been required to supply service water to the 1A
heat exchanger to support post-LOCA recirculation operation,




PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 171202
Date: December 3, 1981
Title: Unavailability of Emergency Power System at Turkey Point 3

The fallure sequence Jas:

l. With Units 3 and 4 in cold shutdown, maintenance was being per-
formed on the "B" emergency diesel generator.

2. Diesel generator "A" was started and subsequently stopped due to
the inability of its start motor to disengage (a result of a broken
diaphragm in the starting air solenoid).

3. This rendered both diesel generators inoperable for approximately
30 min.

Corrective action:

l. The solenoid was replaced and the "A" diesel generator tested and
returned to service,

Design purpose of failed system or component:

The diesel generators provide power for safety-related loads when
the unit generators and offsite power sources are unavailable.




Reactor in cold shutdown DC “A"™ fails to run due Potential

and DC "B" out of service to inability of start Severe
for maintenance motor to disengage, a Core
result of a failed starting Damage

air solenoid diaphrazm

No - no LOOP and plant at
cold shutdown

iﬂ

A A
Y

NSIC 171202 - Actual Occurrence for Unavailability of Emergency Power System at Turkey Point 3
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 171202

LER NO.: 81-015

DATE OF LER: December 3, 1981]

DATE OF EVENT: November 12, 1981

SYSTEM INVOLVED: Emergency power system
COMPONENT INVOLVED: Both diesel generators

CAUSE: Component failure on one diesel while cther was out for mainte-
nance

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Unavailability of two diesel generators
REACTOR NAME: Turkey Point 3

DOCKET NUMBER: 50-250

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 693 MWe

REACTOR AGE: 9.1 years

VENDOR: Westinghouse

ARCHITECT-ENGINE&RS: Bechtel

OPERATORS: Florida Power and Light
LOCATION: 25 miles south of Miami, Florida
DURATION: 30 min

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF FAILURE: Failed to start;
made inoperable

DISCOVERY METHOD: Surveillance test

COMMENT. Offsite power available; DG restored in 30 min.




The

PRECURSOR DYSCRIPTION AND DATA

NSIC Accession Number: 171667
Date: December 15, 1981

Title: loss of Two Instrument Buses at Davis-Besse 1

fallure sequence was:

z'

3'

4.

50

6.

With the reactor at 74X power, "A” control rod drive breaker was
deenergized as part of a Control Rod Drive Breaker Logic Test.
Construction personael inadvertently caused a mechanical shock to
nonessential breaker HAAEZ which caused a ground fault relay to
activate and trip the breaker, resulting in loss of bus E2, This
caused loss of the control rod drive Inductrol Power Supply which,
in conjunction with the "A" CRD breaker being open for testing
caused a loss of power to the control rods and a reactor trip,
The loss of bus E2 deenergized the power supply (E23) to the regu-
lated {nstrumentation distribution panel YAR.
The inverter supply (YVA) for uninterruptable instrumentation
distribution panel YAU had previously transferred to its alternate
supply YAR due to a defective static sensing and transfer logle
card in the statlc switch, Because of this, YAU was also
deenergized when YAR deenergized. Panel YAU provides power to the
following:

Integrated control system Y-bus

Nonnuclear instrumentation Y-bus

Control rod ‘e system bus 2

Station aw .ator

Communicat.on system A

CRD redundant position indicator

Computer peripherals

Main feed pump turbine l-1 control

Reactor coolant pump 1-1-1 and 1-2-2 speed switches
Loss of YAU resulted in loss of indication on both saturation
meters (due to a requirement for both saturation meters to be
powered from both noninterruptible power supplies YAU aad YBU),
loss of auxiliary feed pump | flow indication, and trip of makeup
pump | (when the makeup tank level time delay relay powered from
YAU deenergized). Makeup pump 1-2 was in operation at the time.
During recovery, the auxiliary feedwater pumps were manually
actuated using the steam and feedwater rupture control system and
AFW pump 2 did not respond properly due to a malad justed governor
slip clutch and bent low speed stcp pin.
Main steam safety valve SP17B4 opened and falled to properly reseat
and was gagged.
Approximately 13 minutes after unit trip, bus E2 was reenergized
from its alternate source by manually connecting bus E2 to {ts
alternate feed on the B bus,




Corrective action:

1.

2.

3.

4.

All type ITH relays at the unit were adjusted to as wide a gap as
possible consistent with proper relay operation.

The defective static sensing and transfer logic ca.d In ilnverter
YVA was replaced and YAU was returned to its normal power supply.
The 2 AFW pump turbine governor slip clutch was adjusted and the
low speed stop pln straightened. The governor was subsequently
replaced with a space.

Saturation margin meter wiring was modified to pover the meters
from one power supply each,

Design purpose of falled system or component:

1.

2.
’.

by

Uninterruptible buses provide a continuous source of power to
instrumentation and control circuity that cannot tolerate short-
term power interruptions (for example, during diesel start and
loading following a LOOP).

The auxiliary feedwater pumps provide cooling water to the steam
generators when the main feedwater system {s unavailable.

The makeup pumps provide RCS makeup during normal operation
(separate HP1 pumps are provided on Davis-Besse).

Safety valves provide overpressure protection.




Reactor at Breaker HAAEZ Inverter supply Bus YVA de- AFN pump Main
743 power inadvertently YVA previously energized due #2 fails steam
and "A" struck and transferred to to deenergiza- to start relief
control rod trips, result- YAR due to tion of YAR. when manu- valve
drive breaker ing in loss of defective static Resultant loss ally actuated SP17B4
deenergized bus E2, deen- sensing and of indicatiom due to mis~ fails
as part of ergization of transfer logic on both satura- adjusted to
CRD breaker panel YAR and cord tion meters, governor slip fully
logic test reactor trip loss of AFW clutch and bent reset
pump #1 flow low speed stop
indication, and pin
trip of makeup
pump 1-1
JE
B
rd | NEOT—
r
—
P g Py
&
F 4 S —
-
P
‘r — o —— -
-
s R ——
&
——
—— -

NSIC 171667 - Actual Occurrence for Loss of Two Instrument Buses at Davis-Besse 1

Potential
Severe
Core
Damage

No - AFW pump #1
available for
core cooling

No - AFW pump #1
available for
core cooling
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 171667

LER NO,: £1-037 Rev. 1

DATE OF LER: December 1%, 198]

DATE OF EVENT: June 24, 1981

SYSTEM INVOLVED: Vital power, auxiliary feedwater

COMPONENT INVOLVED: Breaker, inverter, auxiliary feedwater pmps,
safety valve

CAUSE: Mechanical shock to breaker, faulted static sensing ind
transfer logic card

SEQUENCE OF INTEREST: Loss of feedwater
ACTUAL OCCURRENCE: Loss of vital bus
REACTOR NAME: Davis-Besse |
DOCKET NUMBER: 50-346
REACTOR TYPE: PWR
DESIGN ELECTRICAL RATING: 906 MWe
REACTOR AGE: 3.9 years
VENDOR: Babcock & Wilcox
ARCHITECT-ENGINEERS: Bechtel
OPERATORS: Toledo Edison
LOCATION: 21 miles east of Toledo, Ohio
DURATION: N/A
PLANT OPERATING CONDITION: 742 power
TYPE OF FAILURE: Inadequate performance;
falled to start;
made Inoperable
DISCOVERY METHOD: Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 171700
Date: December 17, 1981
Title: Unavailability of Emergency Power System at tan Onofre |

The fallure sequence was:

I. With the reactor at B7X and diesel generator No. 2 secured for
preventive maintenance, diesel generator No. | tripped on overspeed
because of low governor oil level. Adequate governor oil level had
not been established following draining oil from the governor
during the last preventive maintenance.

Corrective action:

l. The No, 2 diesel generator was returned to service. Station
procedures were to be revised to ensure confirmation of governor
oil level prior to returning the diesels to service following
maintenance.

Design purpose of falled system or component:

1. The diesel generators provide power to safety-related loads when
the unit generator and offsite power sources are unavailable,
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 171700

LER NO.: B81-029

DATE OF LER: December 17, 1981

DATE OF EVENT: November 19, 1981

SYSTEM INVOLVED: Emergency power system

COMPONENT INVOLVED: Both diesel generators

CAUSE: Trip of one diesel while other was secured for maintenance
SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Unavailability of two diesel generators
REACTOR NAME: San Onofre Unit 1

DOCKET NUMBER: 50-206

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 436 Mwe

REACTOR AGE: 14.4 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Southern California Edison

LOCATION: 5 miles south of San Clemente, California
DURATION: 2 h (estimated)

PLANT OPERATING CONDITION: 87% power

TYPE OF FAILURE: Failed to start;
made inoperable

DISCOVERY METHOD: During testing

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 171733
Date: January 8, 1982
Title: Unavailability of Three Auxiliary Feedwater Pumps at Zion 2

The fallure sequence was:

L. With the reactor at 90X power and 2A turbine-drivea AFW pump out of
service for maintenance, water leaks from two hydrogen coolers in
the unit generator resulted in a generator trip and subsequent
reactor trip,

2. Motor~driven auxiliary feedwater pumps 2B and 2C failed to start
and run on steam generator low-low level due to improperly sensed
pump suction pressure. (It was determined that, immediately after
start, reverse flow existed {1 the pressure switch sensing line,
resulting in a4 momentary low suction pressure indication when
adequate pressure actually existed,)

3. Both pumps were manually started.

Corrective action:

A time delay relay which momentarily bypasses the low suction pres-
sure trip on pump start was added to the pump starting circultry.

Design purpose of falled system or component :

l. The auxiliary feedwater system provides water for RCS cooling via
the steam generators when the mailn feedwater system is unavailable.

2. An alternate safety-related source of water is service water
supplied to suctlon of auxiliary feedwater pumps at 100 psig.




Reactor at 90 Water leaks from Motor-driven AFW Motor-driven Por_atial

power and 2A twe hvdrogen coolers pumps fail to auto- AFW pumps Severe
turbine-driven in the unit generator start and run om low- manually Core
AFW pump out result in gemerator low steam generator started Damage
of service for trip and subsequent level due to low

saintenance reactor trip suction pressure trip

caused by improperly
sensed suction pressure

e No
> 4
3 No - bleed and feed
i plus main feed-
water recovery
} 18 available
rd
-
No
— - No

NSIC 171733 - Actual Occurrence for Unavailability of Three Auxiliary Feedwater Pumps at Zion 2
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 171733

LER NO,: 81-033

DATE OF LER: January 8, 1982

DATE OF EVENT: December 11, 1981

SYSTEM INVOLVED: Auxillary feedwater

COMPONENT INVOLVED: Auxiliary feedwater pumps

CAUSE: One pump was unavailable due to maintenance and the other
two pumps tripped due to incorrectly sensed low suction
press..e on starting

SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: Unavailability of three AFW pumps following trip

REACTOR NAME: Zfion 2

DOCKET NUMBER: 50-304

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 1040 MWe

REACTOR AGE: 8.0 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Sargent & Lundy

OPERATORS: Commonwealth Edison

LOCATION: 40 miles north of Chicago, I[llinois

DURATION: 360 h (estimated)

PLANT OPERATING CONDITION: Cooldown

TYPE OF FAILURE: Falled to start

DISCOVERY METHOD: Operational event

COMMENT :
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PRECURSOR DESCRIPTION AND DATA

NSIC Accesston Number: 171842
Date: December 18, 1981
Title: Fallure of Emergency Diesel Generators at Dresden 3

The fallure sequence was:

l. On October 23, 1981, with the plant at 66% power, DG 2/3 tripped
due to high cooling water temperature during surveillance. Unit 3
DG was manually tripped due to high cooling water temperature
indication during subsequent testing. In both cases the DG cooling
vater pumps had tripped prior to the DG trips. Both cooling water
pumps were restarted and the diesels subsequently declared
operable., The cause of the pump trips was not determined at the
time.

2. On bDovember 19, 1981, the unit 3 0C was again shut down during
testing because of high coolant temperatures.

3. Subsequent testing revealed that both the Unit 2/3 and Unit 3
cooling water pump discharge check valve disks had separated from
the valve operating arms and restricted cooling water flow,

4., During the event, DG U2, DG 2/3, 4-kV cross-tie, and offsite power
were still avallable.

Corrective actiont

l. The defective valves were replaced, the systems were satisfactorily
tested and placed back in service,

2. A procedure revislon was to be laltiated to inspect these valves
annually.

Design purpose of falled system or component :

The diesel generator system provides emergency power to safety-
related loads (n the event that offsite power and the unlt generator are
unavailable,




Reactor at power Both diesel generators for
Unit 3 declared inoperable
during test due to insuf-
ficient cooling caused by
defective diesel cooling
water pump discharge check
valves

Potential
Severe
Core
Damage

No -~ offsite power, Imit 2 DG,
~ and cross-tie were available

NSIC 171842 - Actual Occurrence for Failure of Emergen~y Diesel Cenerators at Dresden 3

Ivz-¢
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 171842

LER NO.: 81-037

DATE OF LER: December 18, 1981

DATE OF EVENT: October 23, 1981

SYSTEM INVOLVED: Emergency power

COMPONENT INVOLVED: Diesel generator cooling system check valves
CAUSE: Mechanical fallure

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Diesel generators declared inoperable during test
REACTOR NAME: Dresden 3

DOCKET NUMBER: 50-249

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING:

REACTOR AGE: 10.7 years

VENDOR: CGeneral Electrie

ARCHITECT-ENGINEERS: Sargent & Lundy

OPERATORS: Commonwealth Edison Co,

LOCATION: 7 miles east of Morris, Illinois

DURATION: © 2 half test interval before October 23 plus time interval
between October 23 and November 19: 1000 h (estimated)

PLANT OPERATING CONDITION: 662 power

TYPE OF FAILURE: [nadequate performance;
made lnoperable

DISCOVERY METHOD: Survelllance testing

COMMENT: Also see Accession 170009, Dresden 3, 50-249, LER 81-033, Nov.
6, 1981,
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 171939
Date: October 28, 1981

Title: Inadvertent Steam Dump Valve Opening and Safety Injection at
North Anna 2

The fallure sequence was:

I+ With the reactor at 100X power, a turbine trip and reactor trip oc-
curred as a result of a fallure in an electrohydraulic control line
to No. 4 governor valve.

2., Three and one~half hours later, with the reactor at 2% power, it
was observed that the steam dumps were in the T avg mode in lieu of
the steam pressure mode of operation,

3. The operator switched to the steam pressure mode of operation and
shifted the steam dump controller to auto. All eight steam dumps
opened.

4, The operator immediately shifted to manual on the controller and to
the T position on the steam du-p selector switch,

3. !lth-r !hls action or the low=low T Interlock closed the dump
valves but not before safety lnjccttoﬁ was initiated.

6. All safety injection equipment operated as required, except the
pressurizer liquid space inside isolation valve failed to close.

7. The specific cause for the high controller output was not
determined, and an investigation of equipment faflure and human
errur revealed no discrepancies.

Corrective action:

The event was reviewed for equipment fallure and human error and no
cause could be determined,

Design purpose of failed system or component :

The steam dump valves provide for steam generator pressure control
following plant trip by venting steam to the condenser.
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