
. . _- . - - , .. - .- . _ - .--

.

* -m

:

| NUREG/CR-3591
volume 2

[ ORNL/NSIC-217/V2

,

*

-

.

-

Precursors to Potential Severe
i Core Damage Accidents: 1980-1081

'4 - UNION
CARBIDE A Status Report

i

! W. B. Cottrell J. W. Minarick '

P. N. Austin
i E. W. Hagen

J. D. Harris !

|
i

4

I

!

l

!
!

Prepared for the U.S. Nuclear Regulatory Commission'
! Office of Nuclear Regulatory Research ;

i Unds. Interagency Agreements DOE 40-551-75 and 40-552-75

!
i

|

1
4

i

NUCLEAR, OPERATIONS Ar!ALYSIS CENTER NOAC
|

I

,

I

i 8408290198 840731
'"

PDR NUREQ
, CR-3591 R PDR,

.
,

. ...

_ _ _ _ _ _ _ ..



[
>

v ,.

o. . .

P

.

.

.

Printed in the United States of America. Available from
National Technical Information Service

U.S. Department of Commerce
f 285 Port Royal Road, Springfield, Virginia 22161 '

|
NTIS price codes-Printed Copy: A12 Microfiche A01

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the U nited States G overnment nor any agency
thereof, nor any of their employees. makes any warranty, express or implied or *
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not inf ringe privately c*ried rights Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise dnes not recessanly constitute or imply its
endorsement, recornmendation, or favoring by the United States Government or
any agency thereof. The views and opinions of autnors expressed herein do not
necessanly state or reflect those of the United States Govemment or any agency
thereof.

.

!

o

9

._____.__.____.s



1'
~~ ~

by;.
*

t

~- .
.

.

-

.NUREG/CR-3591
Volume 2
ORNL/NSIC-217/V2.
Dist. Category RG, IS

Engineering Technology Division
- ,-

,

4

PRECURSORS TO POTENTIAL SEVERE CORE
DAMAGE ACCIDENTS: 1980-1981

.

A STATUS REPORT ,

,

W. B. Cottrell J. W. Minarick*.

P. N. Austin *
E. W..Hagen

. J. D. Harris

* Science Applications, Inc.-

Manuscript Completed - December 21, 1983
Date Published - February 1984

Prepared for the
U.S. Nuclear Regulatory Commission

Office of Nuclear Regulatory Research
Under Interagency Agreements DOE 40-551-75 and 40-552-75

i

NRC FIN No. B0435

Prepared by the
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 378303

operated by
UNION CARBIDE CORPORATION

for the
U.S. DEPARTMENT OF ENERGY.

under Contract-No. W-7405-eng-26
>

!

'

- .. . . - - . -- _ . , , . _ . . . . - . . . , - , -- , , . - - .



W~

11

s
.

,

i

NOTE

This document is bound in two volumes: Vol. I

contains the main report and Appendixes A, C, D,

E, and F; vol.' 2 contains Appendix B.
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LIST OF ' ACRONYMS AND INITIALISMS '

[ ADS automaticcdepressurization system
.AFW auxiliary feedwater

,

'ATWS anticipated transient without scram
. AUO assistant unit operator
BIT boron injection tank
BWR boiling water reactor
BWST- borated water storage tank
CCW component cooling water
CFT core- flood tank
CRD control rod drive
CST condensate storage tank
CVCS chemical and volume control system
D demand
DG diesel generator
DH decay heat
DNBR departure from nucleate boiling ratio
ECCS emergency core cooling system
EDG cmergency diesel generator
EFW emergency feedwater

.EHC electrohydraulic control
..

ESF engineered safety features
ESFAS engineered safety _ features actuation system
ESW emergency service water
HPCI high pressure coolant injection
HPCS high pressure core spray
HPI high pressure injection
HPSW high pressure. service water
HX heat exchanger
ICS integrated control system
ID identification
IE inspection and enforcement
LCO limiting conditions for operation
LER Licensee Event. Report
LOCA loss-of-coolant accident
LOFW loss of main feedwater
LOOP loss of offsite power
LPCI low pressure coolant injection
LPR low pressure recirculation
LPSI low pressure safety injection
MFW main feedwater
MG motor generator.

MSIV main steam isolation valve
MSLB main steam line break
NNI nonnuclear instrumentation
NPSH net positive suction head
NRC -Nuclear Regulatory Commission
NSIC Nuclear Safety Information Center
NSST normal ' station service transformer
PORV pilot-operated relief valve

.
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PSRV pressure safety relief valve

PT. potential transformer
PWR pressurized-water reactor
RBCCWS reactor building closed cooling water system
RBEDT- reactor building equipment drain tank
RC reactor coolant
RCIC reactor core isolation cooling
RCP reactor coolant pump
RCS reactor coolant system+

RHR residual heat removal
RPS reactor protection system
RSST reserve station service transformer
RWST refueling water storage tank
RWT refueling water tank
SCS shutdown cooling system
SDV scram discharge volume
SFAS safety features actuation system
SI safety injection
SIAS safety injection actuation system
SIV scram instrument volume
SLBIC steam line break instrumentation and control
SU startup
SW service ' rater

SWC saltwat2r cooling
TVA Tennessee Valley Authority

AP pressure differential
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.. Appendix B

PRECURSOR' SUMMARY SHEETS ~AND.EVEIR-TREES

LFif ty-eight PWR and BWR events for the years 1980 and 1981 were
selected as precursors to potential severe core damage, based on the-

selection methods and criteria described in Vol.1 of this report.
~

These , precursors' are . documented herein. . 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' event, and describes the purpose of the failed sys-
tem or component.1

- >1 2. An actual-occurrence event tree descriies the major functions
associated with the reported event which maintained the plant lb2 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. -

E '3. A sequence-of-interest event tree describes safety-related
i functions required to prevent severe core damage for a postulated ini-

tiating event. The choice of postulated events is discussed in Vol.11,

i of this report.- Four degraded or failed-function states are indicated.
''

when applicable on the sequence-of-interest tree:

e degraded (D) -- when a safety-related function is degraded;
e consequently degraded (CD) -- when a safety-related function is

*

j 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;
e consequently failed (CF) -- when a safety-related function fails as a

consequence of a failed or degraded associated function, for er. ample,,

f 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 -
4 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% 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 testing1

i interval) was used because an event-specific value was unavailable.
; The 58 precursor descriptions are arranged in numerical order of
; the associated NSIC secession number. Table B.1 lists the precursor
3 events sorted :by accession number. The last column provides page'num-

,bers . for this volume. '

,

,

'
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Table B.I. Index of potential precursor descriptions

'
NSIC

' 8" 88*accession Description of actual occurrence
, ,

154451 Pressurizer pressure relief valve opens Haddam Neck B-4
154674 Loss of of fsite emergency power Calvert Clif fs 2 B-8
155475 Loss of service water system. San Onofre 1 B-12
156204 Three of four, MSIVs fail to close Trojan B-16
158228 Storm caused breaker operation and trip Prairie Island 2 B-21
158229 Failure of SDV vent theck valve and Dresden 3 B-25

leVal 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-3 9
158279 Cavitation of EFW pumps Arkansas 2 B-44
158650 Air ine leak fails service water Calvert Cliffs 1 B-48

system
158860 Loss of two essential buses Davis-Besse 1 B-53
159134 Cround fault on grid and overload trip Arkansas 1 B-58
159136 Cround fault on grid and overload trip Arkansas 2 B-62
159347 Steam flow transmitters lef t isolated Surry 2 B-66
160453 Loss of control power to diesel Davis-Besse 1 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 de 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-lil

opened
163405 Failure of 76 control rods to insert Browns Ferry 3 B-ll6

163478 HPCl 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 de 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 circuit breakers fail to close Hatch 1 B-155
165900 Pres,surizer PORV and block valve open Haddam Neck B-159

N
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Table ' B.1 (continued)

* *ac s ion Description of actual occurrence , , , " - ,,f*,
number

,

166072 RHR heat exchangers damaged Brunswick l' .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 140P 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 1 B-227
171700 Emergency power unavailable Ean 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 af ter a North Anna 2 B-244..

scram
172198 MSIV closure and safety vpive lift St. Lucie 1 B-248
174073 Stuck open relief valve Duane Arnold B-252

.

.
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) PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 154451
.

Dates - February 12, 1980

Title: Inadvertent Opening of PORV at Haddam Neck ~

The f ailure sequence was:

1. With the reactor at full power, spurious signal to the PORV and its
isolation block valve was initiated in Pressurizer Pressure Control -
Chennel 1. 4

2. Both valves opened and the RCS depressurized to 1992 psig.
3. Die PORV and its associated block valve were remote-manually closed

within approtimately 10 seconds of the ' start of the transient. RCS
pressure was restored to greater than 2000 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 s

PORVs are designed to prevent challenges to the main safety valves
and to assist in control of RCS pressure.

t

.
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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 EVENT: February 4, 1980

SYSTEM INVOLVED: Pressuriser relief system

i- 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 performancel
inadvertent operation

DISCOVERY METHOD: Operational event

COMMENT: Actuation logic for the PORV and block valve has been modified
from a one channel pressure signal to a 2 out of 3 channels toe

preveitt spurious actuations.

.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 154674

Dates February 8,1980

Title: Emergency Power System Unavailable at Calvert Cliff s 2

The fallure sequence was:

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

2. Unit 1 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 unic DGs continued to receive 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 undules and diesel
generator start failure relays at the respective local panels and
restored the DGs to service.

gign purpe.e of f ailed system or componentt
The emergency power system in designed to provide emergency power

(three diasc1 generators) to both Units 1 and 2 in the event of a loss
of offsite power.

!

,

f

I

I

|
*

t

I

t
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|
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Unit 1 SIAS initiated Unit 1 and SIAS reset by All SIAS actuation SIAS modules Potential
in cold due to tech- Unit 2 operator and modules fail to and DGs reset Severe
shutdown nician error diesel DCs shut down start, resulting Core
and Unit 2 during RPS generators in continued SIAS Damage
at 100% functional start start signal to
power testing on the diesels and

Unit 1 initiation of a,

start failure
alarm, rendering
the diesels
inoperable

f
No

ii

46

No - no LOOP'

., tp'

a6
-

.I
e

No
<>

4p
'

:;
"

.
'

s

No - no LOOP

No

NSIC 154674 - Actual Occurrence for Emergency Power System Unavailable at Calvert Cliffs 2
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' CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 154674

LER NO. 80-10/3L

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 p6 wet 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 Engineering

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Baltimote 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 / annunciator in control room

COMMENT:

_ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - _ - _ _ - _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ . - _
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PRECURSOR DESCRIPTION AND DATA

NSIC Acces ion Number 155475

Date: March 24,1980

Title: Total Loss of Saltwater Cooling Systes at San Onofre 1

The failure sequence was *

1. With the reactor at full power and south saltwater cooling (SWC)
pump G-138 in operation. G-138 shaf t f ailed due to excessive
vibration from worn bearings.

2. This resulted in low flow and low discharge pressure alaras in the
control room and auto start of north SWC pumps C-13A.

3. North pusp G-13A discharge valve failed to open due to an 0-ring
Failure caused by desiceant in the instrument air lines. This
resulted in no flow from either pump.

4. Auxiliary saltwater cooling pump C-13C was manually started from
the control room but failed to develop suf ficient flow because of
insuf ficient 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 C13-C and the pump use
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 surveillance testing was increased
f rom once per week to daily during low tide conditions.

Design purpose of f ailed systee or_ component:

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

I

!

i
'

.

!

.

_ _ _ _ _ _ . _ _ - _ _ _ _ _ . _ _ _ _ _ _ - _ _ _
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Reactor at full S'E pump Auxiliary SWC pump Screen wash piamps Potential
power and losa C-13A starts C-13C manually manually started Severe
of SUC pimp but discharge started but fails (locally) and re- Core
C-13R due to valve fails to provide flow aligned to provide Damage
shaf t failure to open due to inadequate flow to component

prime cooling unter heat
, exchangers
!

!

||

l
.'-

No - but reactor shutdous and.-.

natural circulation cool-.

ing required without com-,,

ponent cooling water;.-

turbine cycle cooling y,
,

|
-

still available
-

s
. w-.

--

, . . , . . .

' - - - - - - h - turbine-driven AFW pump
| apparently self cooled
|

No
|

|
.

i

|

KSIC 155475 - Actual occurrence for Ioss of Saltwater coolina System at San onofre 1'
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: '155475

LER NO. 80-006

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, auxtitary
Pump

. CAUSE Pump and valve fattures

SEQUENCE OF INTEREST: Loss of service water system

ACTUAL JCCURRENCE: loss of service water systes
,,

REAC'.OR NAME: San Onofre 1

DNKET NUMBER: 206

,

LEACTOR TYPE PWR

DESIGN ELECTRICAL RATING 436 MWe

REACTOR AGE: 12.7 years

VENDOR Weetinghouse

A.tCHITECT-ENGINEERS: *Bechtel

OPZRATORS: Southern California Edloon

LOCATION: $ ailes south of Sari Clemente, Caltfurnia

DURATION: N/A

PLANT OPERATING CONDIT10NI Full power

TYPE OF FAILURE: In4dequate performancel
fatted.to start

DISCOVERY METil0D Operational event

COMMENT: |

.
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i

PRECURSOR DESCRIPTION AND DATA

'

NSIC Acceselon Number 156204
t

- Dates August 29, 1980

Title Failure of MSIVe to Close on Demand at Trojan

T5e fatture sequence was .

1. With the reactor in hot standby. three of four MSIVe failed to
close on demand during the annual surveillance test due to
sticking velve stems.

2. The plant was taken to cold shutdown.-

Corrective action
"The short-tere corrective action was to loosen the velve sten

packings and cycle the valves. Fernanent corrective action was still
being investigated at the time the report wee written.

.

Destan purpose of f atted systee or component

The MSIVe are designed to teolate the steam generatore during a
stese line break to prevent eneessive RCS cooldown.
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L
_ .

Reactor in hot standby Three of four MSIVs Potential
and MSIV surveillance fail to close due to Severe
testing sticking valve stems Core

Damage

.

No - no demand for valve closure, ,

4

| '
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l ESIC 156204 - Actual occurrence for Tailure of NSI7s to Close on De= mad at Trojan|

.
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*

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 156204

LER NO. 80-005 Itev. 1

DATE OF LER: August 29, 1980

DATE OF EVENT: April 11,1980

SYSTEM INVOLVED: Containment isolation

COMPONENT INVOLVED: Main steam isolation valves (three of four)

CAUSE: Failure to close due to sticking valve stems

SEQUENCE Of INTEREST: Main steam line break
.

ACTUAI, OCCURRENCE: Failure of three MSIVs to close during testing
,

REACTOR NAME: Trojan

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 alles NW of Portland, Oregon

DURATION: 46 days (estimated)

PLANT OPERATING CONDITION: Hot shutdown

TYPE OF FAILURE: Inadequate performanca

DISCOVERY METHOD: Surveillance testing

-
;

L- . _ - _ . _ - _ _ - _ _ _ :.-______ __-________ __-__- _ _ - ___ _ ______- ___
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COMIENT4 Surveillance testing is conducted on these valves with no
steam flow through the valves. The valves utilise a swinging
disk Wich is assisted in seating by stone flowing through the
valves. The utility felt that these valves would have closed
with stese possing through the valves, although the utility

|'was not able to confirm that that would have been the case.
Main stese line check valves are provided to permit beckflow
into the affected stema generator for certain steam line
breaks.
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FRECURSOR DESCRIPTION AND DATA

NSIC Acceselon Number 158228

Date July 29, 1980

Title: Loss of Of fette Power at Prairie taland 2

The f atture sequence west

1. With Unit 2 at 100% power a severe electrical stors caused
operation of several breakere in the substation.

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

3. About 8 minutes later, the 345/161/13.8 kV No.10 transformer
locked out.

4 The diesel generatore started and provided pover to safety-related
loads.

Corrective action
Of fette poter sources were restored.

Destan purpose of f ailed system or component s

of f ette power provides the preferred source of power to esfety-
related toede when the unit generator le not eve 11able.

w. _ - _ _ _ ._ _-. ._ - - - - - - _ - - - ---
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I

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.

LCCATION: 28 miles SE of Minneapolis, Minnesota

DU' RATION: N/A

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

TYPE OF FAILURE: Made ir. operable
i

j DISCOVERY METt10D: Operational event

COMMENT:

|

|
|

!
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 158229

Date: July 28,1980

Titles . Scram Discharge Volume Fails to Drain and Alarms Clear at
Dresden 3

The failure sequence wast

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

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

.3. Approximately 8 minutes af ter scram the scram instrument volume
(SIV) level instrumentation indicated that the scram discharge
volumes (SDVs) had drained.

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

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

6. 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 hall
check valve was stuck closed).]

Corrective action:

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

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

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

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

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

Design purpose of failed system or component :

The scram system is designed to rapidly insert the control rods in
the event of required shutdown.

, ,. - , ~ - - - - , , ,
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Test requested by Eight minutes after the 56 minutes after Ball check velve Potential
IE Bulletin 80-17 reactor was manually the scram, ultra- on west SDV vent . Severe
in progress. scrammed and the.SDV sonic testing was manually opened . Core

vent / drain valves had indicated the west from stuck closed Damage
been manually opened. SDV still 80%. full position, allow-
the level switches on due to unavailable ing SDV to drain
the scram instrument normal and backup
volume cleared, indi- vent paths=

cating that the SDVs
had drained

j. No

f-q

I- *
us

-
s,

; No - reactor. $$
n already'

g scrammed
U

No

No

NSIC 158229 - Actual Occurrence of the Scram Discharge Volume Fails to Drain and Alarms Clear at Dresden 3
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

&

NSIC ACCESSION NUMBER: 158229

LER No.: 80-031

DATE OF LER: July 28, 1980

DATE OF EVENT: July 19,1980

SYSTEM INVOLVED: Scram system

COMPONENT LWOLVED: 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
SDV level instrument to transmit correct signal

REACTOR NAME: Dresden 3

DOCKET NUMBER: 30-249

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 794 MWe

REACTOR-ACE: 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).

PLANT OPERATING CONDITION: 0% power (test scram just initiated)

TYPE OF FAILURE: Inadequate performance;
made inoperable;

DISCOVERY METHOD: Test required by IE Bulletin 80-17

!

m
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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 Numbst: 158231

- Dater May 8, 1980
|,

Title: ADS Valves Fail to Open at Dresden 3

The f ailure sequence was:

1. During startup on April 25, 1980, following the refueling outage the.,

3A target relief valve and the 3E relief valves f ailed to open
during surveillance testing. The air operator on the 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, electronatic 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 f ailed. 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
adjustment 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 repleced with a 1-in. line. Similar
adjustments and line-size changes were made on all the electromatic
relief valves.

was started s' ccessfully on May 3,1980, with all valves6. The unit u
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
f or implementation at the next refueling outage.

!. Design purpose of failed system or component:

The ADS system provides 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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s

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

COMPONENTINVOLfED: 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 af ter 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 cf 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:

1. With the plant at full power, lightning struck a 345 kV/138 kV
i

transmission tcwer between two substations.
2. 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.

3. 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.

4 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.

5. 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.

6. 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 subsequent turbine runback to 70% power per
design; core T,,, increased.

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

8. The operator 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.

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

10. With loss of all RCPs, RCS natural circulation cooling was begun..

Gas turbine GT-1 was started and placed on standby.
11. A spurious signal from steam line break instrumentation initiated

engineered safegards equipment. (Mismatched flow through
atmospheric steam dump valves.) N'

12. All ESF systems functioned properly.

l'
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Corrective action:

Offsite power was restored.

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.

.
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Reactor at Two previously Loss of power Loss of the Operator Generator tr1P Emergency Spurious Potential
power and started gas to two 6.9-kV 480-V buses initiates and subsequent generators safety Severe
lightning turgine genera- and two 480-V results in 70% manual reactor /tur- energize injection, Core
strike tors trip due buses results turbine run- turbine bine trip from safety- due to Damage
results in to loss of in diesel back and loss trip breaker open* related steam line
loss of 138-kV supply generator of rod post- ins n north buses differential
four at Buchanan start tion. indica- ring bus; pressure
feeder substation tion loss of all
lines 6.9-kV buses
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NSIC 158232 - Actual Occurrence for Loss of Offsite Power at Indian Point 2
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

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 I

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
i

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

COMMENT: LER revised Sept. 5,1980; see LER-80-006/99K-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:

1. With the reactor at 100% power, moisture in the vicinity of the
solenoid for valve RCV-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 nperators 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 OCW flow was restored by jumping the failed valve at 1-1/2
hours af ter 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 f armed 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 shif ted 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 18. (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 flunged (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.i was made more accessible.

Design purpose of failed system or component:

1. The CCW RCP discharge line is come.on 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 solenoid valve

SEQUENCE OF INTEREST: Loss of RCP seal cooling

ACTUAL OCCURRENCE: loss of RCP seal cooling

REACTOR NAME: St. Lucie 1

DOCKET NUMBER: 50-335

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 802 MWe

REACTOR AGE: 4.1 years4

VENDOR: Cosbustion Engineering

ARCHITECT-ENGINEERS: Ebasco'

OPERATORS: Florida Power and Light
.

LOCATION: 12 miles SE of Ft. Pierce, 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. ions of Offsite

Power at Arkansas Unit 2

The failure sequence wes t

1. With the reactor at full power with atmospheric dump valves
isolated due to vibration and failure 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 af ter the LOOP, emergency feedwater flow
became erratic with flow rate oscillating between 80% and 100% of
rated flow due to cavitation. This was caused by flashing of the
startup and blowdown-demineralizer ef fluent.

5. The startup and blowdown demineralizer effluent was isolated from

the EN pump suction and .both EW pumps were alternately stopped,
vented, and restarted.

6. The process computer was unavailable during the event. This is be-
lieved 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 isolation of
the startup and blowdown ef fluent prior to exceeding 5% power.

Design purpose of failed system or component t

Of fsite power provides the preferred source of power to safety-re-
lated 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 ACCESSI'ON 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 EW pumps

CAUSEt 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 W pump 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

ARCilITECT-ENGINEERS: Bechtel

OPERATORS: Arkansas Power and Light

14 CATION: 6 miles NW of Russelville, Arkansas

DURATION: N/A

PLANT OP6 RATING 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'Numbert 158650
.

..Date: -June 3, 1980-

| Titlet Failure of Service Water System Plus Subsev int Auxiliary
'

-Feedwater System Unavailability 4t Calvert Cliffs 1

+ ' The failure sequence wes t
' ' 1. ' With the plant at 100% power, the . No. 12 service water subsystem

was removed from service for heat exchanger saltwater side
' cleaning. The heat exchanger service water side -outlet valve was
closed.

2. ' A complete failure ' occurred in one of the No.' 11 ' instrument air
~

compressor aftercooler tubes. The air compressor af ter cooler is
cooled by a common portioa of : the service water system (during

1; safeguards actuation, the common portion of 'the service water
system is 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

j- designed to maintain the service water system f ree of air.
9; However, air accumulated in the idled heat exchanger because the

rate of leakage exceeded the capacity of that of the two constant
vent valves.

4. When the idled heat exchanger was returned to service, the air
7: bubble was released and, since the service water systems are not

independent in the turbine building. Both No. 11 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.4

|? 6. The reactor was manually tripped due to high main turbine bearing
temperatures. All reactor coolant pumps, auxiliary feedwater pumps'

and the main condenser remained operable and were utilized toi

! 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.11 CST and No. 12 CST was isolated.
: 9. Later, the main feed system was restored to operation on auxiliary
L steam and the AFW system was shut down. The control room operator

incorrectly designated the CST valves to be realigned.
j 10. Due to the valve realignment error. No. 11 and 12 CSTs were both

isolated, rendering the auxiliary feedwater systen unavailable.
+

! Corrective action
1. 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 af ter the

operator error was made.
t
!-

!

!

,

s

. -

1
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,

3. A design change was made to increase the capacity of the continuous*

vents at high places in the system.
4 Operating procedures were modified to eliminate unisolated dead

lege during maintenance and to require venting prior to returning
subsystems to service.

Design purpose of f ailed 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 coolers.

The auxiliary feedwater systes provides water for steam generator
~

cooling in the event the main feedwater system is unavailable.
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NSIC 158650 - Actual Occurrence for Failure of Service Water System and Subsequent Auxiliary Feedwater
Unavailability at Calvert Cliffs 1
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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 '

SYSTL1 INVOLVED: Service water system, auxiliary feedwater system

COMPONENT INVOLVED: Air compressor af tercooler, condensate storage tank

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

SEQUENCE OF INTEREST: F00P

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
a :

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Baltimore Gas Electric

LOCATION: 40 miles south of Annapolis, Maryland

DURATION: 3h

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
L

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:

1. 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
c. decay heat pump No. I was out of service for maintenance with

its associated piping drained
d. the aanway covers on the top of the steam generators had been

removed.
2. 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 Y1 and Y3 were on their
alternate feed (YBR) which is supplied by F2.

3. The ground fault relay on breaker HBBF2 actuated (possibly due to
vibration caused by construction personnel in the switchgear room)
and tripped the breaker.

4. This deenergized essential distribution panels Y1 and Y3, which
resulted in full SFAS actuation in levels 1 through .5.

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).

6. 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.

7. 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.

8. Decay heat removal was unavailable for approximately 2-1/2 hours.
During that time interval, reactor coolant temperature increased
f rom 90'F to 170*F.
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Corrective action:

Plant procedures have been revised to ensure power is removed from P

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 de bus when the normal feed for the regulated
rectifiers from motor control centers E12A or F12A 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.

.
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| NSIC 1$8660 - Actual Occurrence for loss of Two Essential Busses and Imss of Decay Heat Removal Capability at Davis-Besse 1
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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 beat removal system, essential power system

COMPONENT, INVOLVED: Essential bus, decay heat pump

CAUSE: Tripped breaker resulted in loss of two essential buses and loss
of decay hest removal

a

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

ACTUSL OCCURRENCE: loss of two essential buses and loss of decay heat,

removal capability

- RE!.CTOR NAME: Davis-Besse 1

DOCKET NUMBER: 50-346.

REACTOR TYPE: PWR,

DESIGN ELECTRICAL RATING: 906 We
.

REACTOR AGE: 2.7 years

VENDOR: Babcock & Wilcox

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Toledo Edison

LOCATION: 21 miles east of Toledo, Ohio

DURATION: N/A
1

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF FAILURE: Made inoper4ple

DISCOVERY METHOD: Operational event

COMMENT:

.
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1

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
f ailed 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 1 generstor output feeding the a2to transformer and the
Russellville East line carrying Unit 1 power generation. Startup
transformer No. I 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 voltage.

6. The autotransformer bank locked out due to a faulted relay, locking
out startup transformer No. 1 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.)e

Corrective action:

Approximately 65 minutes latee 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 is unavailable.

.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 159134

LER NO.: 80-022

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.1

DOCKET NUMBER: 50-313

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 850 MWe

REACTOR AGE: 5.9 years

VENDOR: Babcock & Wilcox

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Arkansas Power and Light

LOCATION: 6 miles NW of Russe 11 vile, Arkansas

DURATION: N/A

PLANT OPERATING CONDITION: 100% power

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operational event

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

l

1

1
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4

PRECURSOR DESCRIPTION AND DATA

1

I

NSIC Accession Number 159136

Date: July 7,1980

Title: Loss of Offsite Power at Arkansas Nuclear 2

The failure sequence was:

1. With the unit at 911 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 Mayflower line was out of service.)

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

,

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

4. 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 1 power generation. Startup
transformer No. 3 remained energized from the autotransformer, and
startup transformer No. 2 remain tied to the 161 kV bus.

5. 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.)

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

7. The 4.16 kV auxiliary circuit indicated low voltage and stripped
the 4.16 kV Suses from the startup transformer.

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

9. This resulted in a loss of all auxiliary bus voltage.
10. The unit diesel generators started and provided power to safety-

related loads. (Power remained available by manual transfer from
startup transformer No. 2.)

4

Corrective actions

Buses 2 Al and 2 H1 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

Of fsite power provides the preferred source of power to safety
related loads when the unit generator is 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

SYSTDt INVOLVED: Offsite power

COMPONENT INVOLVED: Transatssion 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
i

DOCKET NUMBER: 50-386

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 912 16de

REACTOR AGE: 1.6 years

VENDOR: Combustion Engineering

ARCHITECT-ENGINEERS: Bechtel,

OPERATORS: Arkansas Power and Light

LOCATION: 6 miles NW 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).

.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 159347

Date: September 2, 1980

Titlet Unavailability of All Righ Steam Flow Signals at Sorry 2

The failure sequence was

1. With the reactor at 122 power, steam flow transmitters F1-474, 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:
1. The transmitters were subsequently unisolated.

Design purpose of f ailed system or component:

The steam flow transmitters provide signals used in coincidence
with either low RCS temperature or low main steam line pressure to
initiate safety injection (low pressuriser pressure or level and main
steam line/ main steam header differential pressure also initiates safety
injection). The high steam flow transmitters in coincidence with low
RCS temperature or low main steam line pressure also initiates trip of
the MS1Vs (a containment high pressure also initiates trip of these
valves).

.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 159347
i

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
initiation

COMPONENT INVOLVED: Steam flow transmitters

CAUSE: Human error - transmitters inadvertently lef t isolated

SEQUENCE OF INTEREST: Steam line break

ACTUAL OCCURRENCE: Transmitters discovered isolated during startup

REACTOR NAME: Surry 2

DOCKET NUMBER: 50-281

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 822 MRe (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
i

DURATION: 8 h (estimated)

PLANT OPERATING CONDITION: 12% power, startup

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operator observation

COMMENT:

|

<_
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PRECURSOR DESCRIPTION AND DATA ]

NSIC Accession Numbers - 160453

Date September 23, 1980

Title: Loss of Emergency Power System at Davis-Besse 1

The failure sequence was:

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

2. A service representative opened a knife switch in the switchgear
room thereby removing control power from all the 4160 volt bus C1
breakers. 41s would have prevented EDG1-1 from automatically
starting if it had been needed. During the 8 min that control
power was of f the bus, the station did not have an operable EDC.

Corrective action:

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

Design purpose of failed system or component:

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

1
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maintenance to inadvertent Core
opening of bus Damage
breaker control
power switch

No - offsite power not interrupted
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NSIC 160453 - Actual Occurrence for loss of Emergency Power at Davis-Besse 1
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 160453

LER No. 80-065

DATE OF LER September 23, 1980

DATE OF EVENT: August 26, 1980

SYSTEM 1hVOLVED: Energency power system

COMPONENT INVOLVED: Essential bus breakers

CAUSE Inadvertent opening of control power knife switch

SEQUENCE OF INTEREST LOOP

ACTUAL OCCURRENCE: Diesel generators disabled

REACTOR NAME Davis-Bessa 1

DOCKET NUMBER: 50-346

REACTOR TYPE PWR

DESIGN ELECTRICAL RATING: 906 MWe

REACTOR AGE: 3.0 years

VENDOR: Babcock & Wilcox

ARCHITECT ENGINEEPS: Bechtel,

OPERATORS Toledo Edison Co.

LOCATION: 21 miles east of Toledo, Ohio

DURATION: 8 min

PLANT OPERATING 00NDITION: 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' j

Title: Inadvertent- opening of Safety Relief . Valve at Pilgrim 1 |

The failure sequence wast

1. 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 95% power. At the
associated high reactor pressure, the leakage through the valve
seat was enough to lif t 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.

5. The high nitrogen pressure (160 psi) delivered when the nitrogen
supply valve opened, was aa)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

1. Operation at reduced nitrogen supply pressure (110 psi) was to be
implemented.

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

Design purpose of failed system or component: 4

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

The reactor relief system provides overpressure protection for the
RCS.

e
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Reactor operating Safety relief valve Reactor is Procedure followed Potential
at full power opens due to N2 system manually to close the. valve Severe

pressure exceeding tripped results in valve Core
design specs for stuck open Damage
relief valve operators

No - reactor success-"
fully shut down

h

j! No
"

is
1-,

,-
N
w

No - auto scram and safety
injection available

No

NSIC 160497 - Actual Occurrence for Inadvertent Opening of Safety Relief Valve at Pilgrim 1
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CATECORIZATION OF ACCIDENT SEQUENCE PRECURSORS
-

NSIC ACCESSION NUMBER: 160497
a

-LER NO,t 80-069

DATF. OF LER: October'20. 1980 '

DATE OF EVENT: October 7. 1980
/

* SYSTEM INVOLVED: Pressure relief systen

COMPONENT INVOLVED: Relief valve

CAUSE: Escesalve nitrogen pressure to valve operator

SEQUENCE OF INTERESTI Main steam line break

ACTUAL OCCURRENCE Stuck open reitef valve

REACTOR NAME: Pilgria 1

DOCKET NUMBER: $0-293

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 655 MWe
i_

9

REACTOR ME: 8.3 years

VENDOR Ceneral Electric |

ARCHITECT-ENGINEERSI Bechtel
.

! OPERATORSt Boston Edison Co.
1

l'

LOCAT10N 4 miles SE of Plymouth, Massachusetts '

DURATION: N/A *

PLANT OPERATING WNDITIONI Full power
!<

TYPE OF FAILURE 8 Design basis event

. DISCOVERY METHODI Operational event
!

4

COMMENT All safety systems were uvallable. See Accession No. 160$59
>

'

for a simitav event at Pilgrim I (50 293,15.R 80-080, Nov.14, i
,

1980) but with a different cause.

|

1

*

_ _ _ _ . . _ _ _ _ _ . _ . _ _ _ . _ . _ _ _ _ _ _ . _ _ . _ _ - _ . . _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ . _ _ - _ _ _ _ , .
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PRECURSOR DRSCRIPTION AllD DATA

N51C Accese1on 18ueber 160532

Datet Detober 22, 1980

Titlet Component Cooling Water Inoperable at Filgria 1

The f atture sequence wes t

1. At full power (1001) the "B* loop of the reactor building closed
cooling water system (RBCCWS) was out of service for maintenance.

.

2. For unepecified reasons a 460 V breaker tripped open twice within !

10 min, disabling the "A" loop of the RBCCWS.
3. This resulted in a complete lose of the RSCCWS while the "A" loop

,

!

was disabled. The "A* loop was immediately restored.
'Corrective setton

1. The 480 V trip setting wee temporarily rateed.
2. A detailed review of 480 V bus was requested.

:

Declan purpose of fatted system or component t #

The RBCCWS supplice cooling water to the following systemsI

loop A loop B

Two RHR pump lube oil rooters Two RHR lube oil coolere
One fuel pool heet exchanger One fuel pool heat exchanger l

One RHR heat exchanger One RHR heat exchanger
Two rettrculating pump HG set Two control rod drive pump oil
fluid coupling oil and bearing and bearing cootere
coolere Two rectreulating pump neat

Two RCIC pump area cooling rot te water coolere
Two RHR pump area cooling cette Two rectreulating motor tube
Four HG set area cooling rotte oil coolere
One core spray pump motor thrust Two cleanup rectreuteting pump
bearing seat water rootere

Sample coolere One eteanup nonregenerative f

beat exchanger
Two RPC1 pump area cooling colle
Two control rod drive pump area
cooltr.g rotte
Sta drrwell air cooling colle
Two drywell air cooling colle
One core spray 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 We

REACTOR AGE: '8.3 years

VENDOR: Ceneral Electric

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Boston Edison Co.

LOCATION: 4 miles SE of Plymouth, Massachusetts

DURATION: 10 min

PLANT OPERATING CONDITION: 100% full power

TYPE OF FAILURE: Inadequate performance;
made inoperable

.

DISCOVERY METHOD: Operational event

COMMENT:

|

!
1

1

--
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 160559

Dates November 14, 1980

Title: Inadvertent Opening of Relief Valve at Pilgria 1

The failure saquence vast
i

1. The reactor was at full power.
2. Liquid nitrogen passing by its ambient air vaporizer froze an

inline nitrogen supply regulator in place while it was in the fail- j
;

open position, due to oversight in system design.
;3. The full pressure nitrogen supply actuated a reactor vessel relief

valve's solenoid, which caused the "A" relief valve to open. |
4. The valve was manually cycled 4 to 5 times in an attempt to close !it, but the valve remained open.
5. The high nitrogen pressure at the relief valve's solenoid prevented

closure of the relief valve while the reactor was at operating
pressure.

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

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

Corrective action:
1. The relief valve's solenoid actuator supply was switched from

nitrogen to compressed air while changes in the nitrogen system
were considered.

2. 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 t

The nitrogen system provides motive power for opening and closing
reactor relief valves (among other control functions) upon automatic

'
demands as wall as manual demands.

The reactor relief valve provides RCS pressure protection.

|

|
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 160559

LER NO.: 80-080
.

DATE OF LER: November 14, 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

DESIGN ELECTRICAL MTING 655 MWe

REAC10R AGZ: 8.4 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Bechtel

OPERATOR 3: boster. Edison Co.

LOCATION: 4 miles SE of Plymouth, Massachusetts

DURATION: N/A

PLANT OPERATING CDOITION: Full power
1.

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 different cause.

.
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PRECURS0k DESCRIPTION AND DATA

NSIC Accession Number 160846.
1

Date: March 20,1980

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

The failure sequence was:

1. With the reactor at 100% power,' the 24 V de nonnuclear
instrumentation "XP power supply was lost due to a failed voltage
buffer card.

2. Because of this, the integrated control system received erroneous
signals 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 initiated a
reactor trip.

4. The loss of power caused the PORV to stay open. Primary coolant
was discharged into the reactor coolant drain tank and then into
the reactor containment building (43,000 gal) af ter 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 A min the operator tripped the reactor coolant pumps as required

by the HPI initiation.
6. The "A" once through stram generator effectively holled dry at

approximately 8 min.
7. The operator shut the block valve which stopped the aces of reactor

coolant through tne PORV at 2 to 5 min.
8. The operator initiated 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 aoanuelea* instrumentation about 21 nin
into the transient.

11. At 29 min the operator throttled the HP1 tiow tu aboat 150 gpm.
12. Until about 2 a af ter the incident began, the safety valve periodi-

cally released coolant at 2300 psi to the containment. About
40,000 gal of coolant was dumped into the reactor butiding.

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

14. The plant was stabilized and maintained in hot standby on. natural
circulation until forced RCS flow was initiated about 6 h 16 min

m
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into the transient. The plant was subsequently taken to cold,
'

. shutdown.
15. Throughout the event, 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 indication 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 (Loss of Non-Class 1E Instrumentation and Control
Power System Bus During Operation).

- 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. *

Tne NRC initiated an extensive review program regarding the effect of
the Crystal Liver event.

Design purpose of failed system ce compc.nent:

The nonquelear process instrunentation provides the required input
signals of process variables for the reactor protection, regulating, and
auxiliary systems. It performs the required process coctrol funecions
in response to those systems and provides instrumentatien for startup,
operation, and shutdown of the reactor system under normal and emergency
conditions. Inputs to the reactor protective system by the nonnuclear
instrumentation are reaeter outlet temperature, coolant flow, and
pressure. Inputs provided to the integrated control system are re actor
outlet temperature, inlet dif..rential temperature, coolant flow,
feedvater temperature, feedwater flow, steam generator level, steam
generator outlet pressure, and turbine header pressure.

s
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Small Reactor Auxiliary High low Pressure Potential - Sequence
LOCA* Trip Feedwater and Pressure Recirculation Severe No.

Secondsry injection and LPR/HP1 Core
Heat Removal Cross-Connect Damage

e No : 1

Yes 2*

)

Yes 3

to

|||||;|| No 4 6.** e
,

Yes 5

Yes 6
,

'

Yes 7

NSIC 160846 - Sequence of Interest for Loss of 24-V de Nonnuclear Instrumentation
Power Supply et Crystal River 3

*due to loss of NNI-X power supply

**contini.ed small LOCA requires operator error in not closing PORV block valve

i
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 160846 *

|

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 de power supply

CAUS3: A combination of misaligned connector pins on printed circuit
boards and a technician working on saturation meter circuit
utilizing these boards resulted in loss of the power

SEQUENCE OF INTEREST: Loss of NNI-X power supply

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

REACTOR NAME: Crystal River Unit 3

DOCKET NUMBER: 50 302

REACTOR TYPE: PW2

DESIGN ELECTRICAL RATING: 825 MWe

REACIOR AGE: 3.1 years

7ENDOR: Fabcock & WI!cox

t.RCHITECT-E431NTERS : Gilbert Associates

OPERATOKS: Florida Power Corporation

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:
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'
PRECURSOR DESCRIPTION AND DATA'

NSIC Accession Number 160926

Date October 31,'1980
r_?

Title: Stuck Open Relief Valve at Pilgrim 1

The failure sequence was

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

2. To control pressure, "C" relief valve opened for 1 minute and
closed successfully. H2CI 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 attsapts 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.

_C' rrective actions -c

1. The plant wss shutdawn and the valve assembly removed cnd tested.
The utility concluded that the probable cause of the f ailed valv.
was scoring on the sato vistan.

2. A apare valve sasambly ar.3 sel ecoid were irstalled and ths unit was.

returned to service.
' 3. The damagej valve was repaired.

Design purpose of f ailed system or component s
i

The pressure relief syntes provides overpressure peotectica for tha
RCS.4.

4

|

<

1

'

1
!-
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B-94

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS
|

I

NSIC ACCESSION NUMBER: 160926 !
i

LER NO.: 80-079 '

DATE OF LER: October 31, 1980

DATE OF EVENT: October 1, 1980

SYSTEK 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 1

DOCKET NUMBER: 50-293

REACTOR TYPE: BWR

DE3I?4 EaECTHICAL RATING: 655 MWe

REACTOR ACE: 8. 3 yee r.s

VENDOR: General Electric

ARCHITE';T-ENGINEFRS t ' ?ecatel

7PERATOPS: Baston Edison Co.

LOCATION: 4 miles SE or Plyoouth. Massachus.itts

DURATION: N/A

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Inadequate performance

DISCOVERY METHOD: Operational event

COMMENT:

.

- . --ie + T'
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PRECURSOR DESCRIPTION AND DATA

I
.

NSIC Accession Number 161601
L

~

. Date: November. 28, 1930'

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 11SW
;was out of service for repairs.

2. The diesels were found to be overheating.
3. Train 12SW flow valve 12SW21 was found indicating open when it was

actually closed, resulting in loss of service water to the DGs.

Corrective action:

Valve 125W21 was opened and service water flow restored. The valve
positioner and indicator were realigned.

Design purpose of failed system or component

Valve 12SW21 controls the cooling flow from No. 125W service water
header to the diesel generators.

,

-

y -ww w w - --a



A -

_
_

-

s8eet

r 1 _

t m
_o -

c e
an l

ew a
ro S

d -
st t
uu a
lhps s

r
Pd o
Ol t

Oo a
l Lc r
a e
i on n
t e e ni e
nr g G
eeea -
t vrm l
oeoa o o o e
PSCD N N N s

e
i
D
o
t

g
n r n
e ne i

e p yi t l
vol a o
l l gw o
asan C
veuie

t tt c r
racli e
ecauv t
ti srs a
adseeG W
wnirsD .

i e
e t ,ft c
c1id oi i

i2 e n v
vWnssu r
r5 eos e
e2hl oo S
S1 wclt

f,:. 's #d ' o
,

s
s
o
L

ne r

- i c o
ai f

-
rv
t re e

ec c
rsn n
e a e
tf n r
aoe r
w t u

t n c
eui c
coa O
i mvW l
r5 r a-

e1 o u
S1f t

4

c-
5

A
_ -
_

- 1
0

- 6
n 1

- w 6
- o 1
- nd
_. it C
- u I
. rh S.

. os N

_ t
cd
al

_ eo
Rc

-
.

_
_

_
_

_
_
.

_

4 ! , ' !i !,.' ;! , i f



7e i

Y"

e
c
n
e
u I 2 3 4 5 6 7 8 9 0 1 2 3
q . 1 1 1 1

eo 1
SN

ne
l

l aa S
i
t e e tnr g aeeea
t vrm s s . s s s s soeoa o o o e e o o e e o e o e
PSCD N N N Y Y N N Y Y N Y N Y r

o
t
a
rg

n e
n.

i,

gnel e
nrr o G
oeoo

LTCC l
e-

,I s
e

n i
eo D
ri
ut o
sc t

h se
gej m

- irn e
HPI t

s
_

y
S

.-
ae r
l v e
ol t

rsae a
oIVr Wu
VVns e.

RR oo c
OOil ippt C v

r!

~ e
S

d
e fd on

V a sR m sO e
PD o

L
- . r

d - o
n l f

_
a a

tv syryo
rerm e
at ae r
i adR e
l wn t
id ot n
xeca I
ueee
AFSH f

o
e

- yr c
rce ) nenw F e
aeo ( u
F gP q

e; ,,'b S

ss -
ed

rk ma 1ocuo 0
et asl 6
nab s 1
i r Ae 6
b es s 1
rnnd uueuno CTGR aH I

u S
N

f e
ot

ir
sse
sf w
of ol OP

,

i , f



y: - - -

\.

|

B-98

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: Ioss of service water cooling to diesel generators

REACTOR NAME: Salem i

DOCKET NUMBER: 50-272

REACTOR TYPE: PWR

DF. SIGN ELECTRICA' RATINC: 10 D MA.

REACTOR AGE: 3.8 years

VENDOR: Westinghouso

EtCHITECT-ENSINEERb: Public Service Electric and Gas

OPERATORS: Public Service Electric and Cas

LOCATION: 20 miles south of Wilmington, Delware

DURATION: 4-1/4 h

PLANT OPERATING (X)NDITION: Refueling shutdown

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Testing

COMMENT:

t
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PRECURSOR DESCRIPTION AND DATA
,

NSIC Accession Number: 161649

Dates November 17, 1980

Title: Two Diesel Generators Inoperable at Sequoyah 1

The failure sequence was:

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

2. Diesel generator 18-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 component:

The diesel geterators provide emergency power for safe shutdown
when the ncrmal source, of AC power are not arailable.

4

, . _ - -g - c.
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,

Reactor in mode 4 Diesel generator lA-A Diesel generator Operator replaces Potential
(0% power) out of service for IB-B unuergoing indicator bulb, Severe

annual maintenance testing, running short causes DG Core
at speed & voltage IB-B to trip Damage

4

,, No - emergency pow r
,' not required. '

#
d
'.

4b

No
ts

di i
H
o
o

No

i

No

j

NSIC 161649 - Actual Occurrence for Te Diesel Generators Inoperable at Sequicyah I
l

.
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 161649

LER NO.: 80-171

DATE OF LER: Novembe r - 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 while -
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 ELECTRICAL RATING: 1148 MWe

REACTOR AGFs 0.3 year

VENDOR: Vescingboose
,

ARCHITECT-ENGINEERS: Tennessee Valley Authority

C: ER.ATORS : Tennessee Valley Authority

LOCATION: 9.5 miles NE of Chattanooga, TN

DURATION: 2 h 8 n.in

PLANT OPERATING CONDITION: Mode 4. 0% power

i TYPE OF FAILURE: Made inoperable
,

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

COMMENT:

l
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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:

1. 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 subseouently declared inoperable due to an oil leak in the
HPCI turbine stop valve actuator cover.

3. An orderly shut down was commenced.

Corrective action:
1. 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

1.
3. About 10 h was required to correct the simultaneous loss of RCIC

and HPCI.

Design purpose of failed system or component:
1. RCIC provides for reactor water level control given a loss of feed-

water.
? 2. HPCI provides for water level cor. trol given a small break LOCA.

l

,
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.

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

|

NSIC ACCESSION NUMBER: 161906

LER NO.t 80-077

'
DATE OF LER November 24, 1980

DATE OF EVENTt - November 16, 1980

SYSTEM INVOLVED: RCt.: and HPCI systes.

COMPONENT INVOLVED: Torque switch; turbine stop valve
.

CAUSE Failure of the torque switch; oil leak

SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: RCIC and HPCI inoperable at Quad-Cities 2

REACTOR NAMEt Quad-Cities 2

DOCKET NUMBER 265

REACTOR TYPE:- BWR

DEStCN ELECTRICAL RATINC: 789 leie

REACTOR AGE: 8.6 years

VENDOR: Ceneral Electric

ARCHITECT-ENGINEEkSt Sargent & Lundy

OPERATORS: Commonwealth Edison Co.

LOCATION: 20 miles NE of Moline, Illinois

DURATION: 360 h (estimated)

PLANT OPERATING CONDITION: 99% power

TYPE OF FAILURE: Failed to start;
made inoperable

DISCOVERY METHOD: Testing

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

PRECURSOR DESCRIPTION AND DATA
,

' NSIC Accession Number: 162083

Date: December 26, 1980

Titlet Loss of Refueling Water Tank' Level Instrumentation at Arkansas
Niselear Unit 2 -

The failure sequence was:

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

4 2. All four channels were found to be frozen. The system heat tracing
circuit was de-energized because the main line fuse had 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 thawed cut,- and the RPST
indication returned to operable status. Long-teer ' corrective cetions
were being evaluated at the time of the report.

Design purpose of f ailed system or component _:

The RWST level instruments monitor RWST len1 and initiate the ECCS
switchover from the RW5I to the containment sump during safety
injection.

.
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Small Reactor Auxiliary High low Pressure Potential Sequence
LOCA Trip Feedwater and' Pressure Recirculation Severe No.

Secondary Injection and LPR/HP1' Core
Heat Removal Cross-Connect Damagei

;

No 1

; (F) -Yes 2:

Yes 3 f
H
o
*N 4

* .,(F)
Yes 5

1

Yes 6

Yes .7

NSIC 162083 - Sequence of Interest for Loss of RWT Level. Instrumentation at
Arkansas Unit 2
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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: Iow pressure recirculation

COMPONENT INVOLVED: RWST level instruments
|

CAUSE: Personnel error - fuse removed I

|

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 We

REACTOR AGE: 2.1 years

VENDOR: Combustion Engineering

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Arkansas Power & Light Co.

LOCATION: 6 miles NW of Russellville, Arkansas

I DURATION: 8 h (estimated)

PLANT OPERATING CONDITION: 77% power

TYPE OF FAILURE: Made inoperable
+

DISCOVERY METHOD Operator observation

' COMMENT:

i
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PRECURSOR DESCRIPTION AND DATA
.

NSIC Accession Number 163356
L.

Date .' Janua ry . 16,'1981''

Title: Output Breakers for Both' Station Batteries Opened at Palisades

The failure sequence was:

1. With the reactor se full power,' a battery charge started the -
previous day was = being terminated.

' 2. As part of this trocedure, the . breakers associated with the in--

service chargers were' to be opened and the breakers associated with.

the idle chargers were to be closed. Battery breaker position was
not annunciated in the control room.

3.' - However, plant electricians closed the idle charger breakers and
opanad th* station' battery breakers.;

4 Because of the misalignment, a required de bus voltage adjustment
could not im 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 actions
,- 1. Proper breaker alignment was restored.

2.- The following short-term corrective actions were to be implemented:
a. Daily audits of plant operations by a corporate management

representative.
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 is 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
Shif t 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.

c. All personnel who perform safety-related work or other work in
vital areas were to be reinstructed on the importance.of strict.

adherence to procedura; and the necessity for performance of
all assigned duties in a discipliced 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.

- -. . - - - - . .. ..
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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 compone t:

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 equipment powered through vital
inverters. '

I
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Reactor at full Electrician opens Supervisor discovers Potential
power and battery station battery incorrect breaker Severe
chstge being breaker in lieu of alignment while Core
terminated charger breaker troubleshooting Damage

inability to adjust
bus voltage and
restores breaker
alignment

No
JL

.r-

4,.

$f Possible - if LOOP before restoration. asj; However, DG could be manu- ),
U ally connected to bus in Ed

event station battery was- 'd
'

unavailable. (DC at Pali-
sades has start capability
without station batteries)

,

'No

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

0PERATORS: Consumers Power

LOCATION: 5 miles south of South Haven, Michiga.2

DURATION: I hour

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operational event

COMMENT: On Palisades, DG start is possible without the station batter-
les; however, DG loading requires batteries, or loading must
be performed manually.

i
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 163405

Date: July 28, 1980

Title: Failure of 76 Control Rods to insert at Browns Ferry 3

The failure sequence was:

1. . The reactor was being shut down for maintenance on the feedwater
system following steady state operation at 400 MWe (37% power).

2. Power was reduced to 390 MWe by decreasing recirculation flow and
inserting 10 control rods.

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

4 All the west bank rods scrammed full-in except rod 30-23 which set-
tied at position "02."

5. 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.

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

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

8. The scram discharge volume was allowed to drain again for 160 s.
9. Finally the reactor auto scrammed on high drain volume when the

auto scram bypass was removed. The remaining withdrawn control
rods then inserted at normal speed to the fully inserted resition.

10. The total time that elapsed between the initial scram and final in-
sertion of all the control rods was 14 min.

Corrective action
1. The operator manually scrammed all rods. Scram discharge volumes

were drained and the bypass was removed f rom the high-level-drain
scram interlock.

2. An investigation was initiated to identify the problem. No
problems were identified with the electrical / control system,
hydraulic control unit valve lineup, vent and drain piping (i.e.,
no line blockage found), or seal inleakage to the SDV. The cause
for the excess water in the east SDV was not identified.

3. The following measures were to be incorporated promptly to ensure
adequate drainage of the scram volume headers:
a. 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 isc.

free of residual water following each scram and before startup.

!

.. _ . _ - . _. .
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d. Visually inapect each hydraulic control unit daily to 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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CATECORIZATION OF ACCIDENT SEQUENCE PRECURSORS
,

:

NSIC ACCESSION NUMBER: 163405
,

Y
LER NO. 80-024 Itev.1

DATE OF LER: July 28, 1980

DATE OF EVENT: June 28,1980

SYSTEM INVOLVED: Reactivity control

COMPONENT INVOLVED: Scram discharge volume

CAUSE: Insufficient drainage from east SDV

SEQUENCE OF INTEREST: Control rods fail to insert

ACTUAL OCCURRENCE: Failure of 76 control rods to insert

REACTOR NAME: Browns Ferry 3

DOCKET NUMBER: 50-296

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 1065 se

REACTOR AGE: 3.9 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Tennessee Valley Authority

OPERATORS: Tennessee Valley Authority

LOCATION: 10 miles W of Decatur, Alabama

DURATION: t/2 of interval f rom last scram, 240 h (estimated)

FLANT OPERATING CONDITION: 37% power

TYPE OF FAILURE: Inadequate performance
'

DISCOVERY METHOD: Operational event

<

t
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COMMENT: The analysis done on the control rod pattern that resulted
f rom the scram showed that if the scram had occurred at 100%
power, the maximum power af ter the scram would have been 345
MW(t) [see Nuclear Safety, 23($), September-October 1982).
The af tergeram power level would likely have been even higher
if scram had been demanded at 100% power because some or all
of the east side control rode (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 Numbert 163478

Datet July 10,1980

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

The failure sequence wes t

1. At 99.4% power, an erroneous reactor high water level signal initi-
ated tripping of the feedwater puaps and the turbine / generator,
which subsequently resulted in a reactor scram. ' I

2. The reactor water level -dropped to the low-low level set point.
3. The feedwater pump started but tripped since the MSIVs were closed.
4. On low low level the HPCI system received an auto-initiation signal

but failed to inject water into the reactor due to automatic
isolation of the HPCI turbine caased by the initial high steam
pressure to the HPCI turbine.

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

6. About 5 min af ter the event began, the operators cleared the HPCI
steam supply isolation trip and HPCI auto-initiated successfully
and injected water into the core.

Corrective action:

1. The HPCI isolation, due to steam line high pressure dif ferential,
was caused by the turbine speed controller being out of
calibration. The system was recalibrated and HPC1 tested
satisfactorily.

2. 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.

3. Calibration surveillance and test procedures were being revised to
include cold quickstarts of both HPCI and RCIC.

Design purpose of failed system or component:

RCIC provides RCS makeup following reactor trip or loss of
feedwater. HPCI provides cooling to the core given a small break LOCA.
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CATEGORIZATION 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, improper calibrating procedures

SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: HPCI and RCIC fail to inject following scram4

REACTOR NAME: Hatch 1

DOCKET NUMBER: 50-321

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 777 MWe

REACTOR AGE: $.8 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Georgia Power Co.

LOCATION: 11 miles north of Baxley, Georgia

DURATION: N/A

PLANT OPERATING CONDITION: Power not specified prior to scram'

TYPE OF FAILURE: Failed to start

DISCOVERY METHOD: Operational event

COMMENT:

:
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.___ -_____ . _ _ - _ _ _ _ _ _ _ _

+

p.

B-126

PRECURSOR DESCRIPTION AND DATA

'

NSIC Accession Number 163499

Date: July 17,1980

. Title: Reactor Coolant Pump Seal Failure at Arkansas Nuclear 1
IThe failure sequence was

1. With the reactor at 86% power, reactor coolant pump (RCP) "C" seal ifailed, resulting in excessive RCS leakage to the containment. j
2. - A contro11ed ' 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 af ter
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" lif t pumps were started and stopped four times in
succession in an attempt to reduce 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 RPI 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 building emergency coolers were put in service to minimize
the pressure increase.

1. One HPI pump was secured and the IIPI valves closed 1.3 hours af ter
the seal failure. Two HPI pumps were used to provide continued RCS
makeup from the BWST.

8. Individual SLBIC trains were inadvertently initiated 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 in con-
tainment.

Corrective action:
1. The failed seal was examined and extensive daarge observed. The

cause of the damage could not be identified with certainty.

1
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2. All remaining RCP seals were inspected and evidence of 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 shaf t of the pump.

m

|
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Reactor at Leakage rate RCP leak rate Reactor trip One HPI pump Core flood Potential
86 power increases increases to and manual secured and isolation Severe
and RCP during power 350 gpa. RCP HPI initiation HPI valves valves closed Core

.;

"C" seal reduction - "C" lift pumps to provide closed. Two to prevent Damage
, failure plant taken operated, re- RCS makeup HPI pumps CFT discharge
( (10-20 gym off line and sulting in provide at RCS pres-

initial leak RCP "C" some reduction makeup sure of
| rate) tripped in leak rate 600 psig
I

j Nodi

' '
.

No
ab j

/ No
jk /
"

/.

| /'

ts
; auto trip and 4<

' Auto SI expected w,

at low pressure CD*
<
,

set points No, ,

-

"
-

.

No"
a

|
; /<

No,,,,,,,,
_ ,

. /
/

(see above)

if required by
leak rate

No - operating
makeup pump
sufficient
for makeup

NSIC 163499 - Actual Occurrence for Reactor Coolant Pump Seal Failure at Arkansas Nuclear 1
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: '163499

LER NO. 80-015 Rev.1 I

DATE OF LER: July 17, 1980

' DATE OF EVENT: May 10, 1980

SYSTEM INVOLVED: - Reactor coolant syates

COMPONENT INVOLVED: Reactor coolant pump seals

CAUSE: Seal failure

SEQUENCE OF INTEREST Small break LOCA

ACTUAL OCCURRENCE: RCP "C" seal failure

REACTOR NAME: Arkansas Nuclear 1

DOCKET NUMBER: 50-313

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 850 MWe

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: 86% power

TYPE OF FAILURE: Inadequate performance

DISCOVERY METHOD Operational event

COMMENT: See also NS!C 165417 Arkansas Nuclear 1, 50-313, LER 80-01$R,
April 13, 1981, and Nuclear Safety, Vol. 22, No. 2. March-
April 1981, pp. 237-238.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number - 164149

Date February 12, 1981

Titler Isolable Small Break LOCA at Robinson 2

The failure sequence was t '

1. With the plant at 100%, the "A" electrohydraulic contro'1 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 existing low T
signal resulted in train B safequards initiation. (Train A did not
initiate nor did the MSIVs close, appareatly because of the short
duration of the high 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 af ter the SI

actuation.
6. During the automatic isolation 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 f ailure, 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-
trinnent 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. Af ter 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 af ter the first containment entry a second entry was
made and the leaking drain line identified. The two upstream level
control valves were leaking at approximately 5-7 gpm. The drain
valve was closed.
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= 11. | Af ter the drain valve was closed RCS pressure still continued to
decrease in part as a result of a partially opened pressurizer
spray valve. (The pressurizer spray valve position is indicated by
demand in lieu of sten position, which delayed identification of
the cause of the depressurization.)

- 12. The leak rate could not be accurately determined but it was
estimated to have been approximately 100 gpa while letdown was
unisolated. A total of about 4500 to 6000 gallons of water was
leaked to the containment sump during the event.

Corrective action

1. ' The leaking drain valve was closed and a new pipe cap installed. .
. All other similar valve / pipe cap combinations were verified closed. .

2. Corrective action concerning the failed relief valve was not
identified.

Design purpose of failed system or compenent s

The reactor coolant system transfers heat generated in the core to
the steam generators. The letdown line provides a means of removing
reactor coolant from the RCS for boron concentration changes and for
purification.
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CATEGORIZAIl0N OF ACCIDENT SEQUENCE PRECURSORS

. NSIC ACCESSION NUMBER: 164149

LER NO.: 81-005

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 cap 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 ,

l'ENDOR: Westinghouse

' ARCHITECT-ENGINEERS: Ebasco

OPERATORS: Carolina Power & Light,

LOCATION: 5 miles NW of Hartsville, South Carolina

DURATION: N/A

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

TYPE OF FAILURE: Small LOCA
s

-DISCOVERY METHOD: Operational eve'nt

COMMENT: Additional information: " Engineering Evaluation of the H. B.
Robinson Reactor Coolant Systen ' leak on January 29, 1981,"
Office for Analysis and Evaluation of Operational Data,- Marchs

23, 1981.
,
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PRECURSOR DESCRIPTION AND DATA
.

|
NSIC Accession Number: 164453

.

'

3 ate: February 2, 1981 '

Title: Brief Loss of Offsite Power and Degra ted 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-
gized, de-energizing CVCS, RHR, CCW and SWC pumps.

4. Both diesel generators started and were available for loading.
5. Bus IC source breaker 11CO2 did not open to shed laads on bus IC

because de 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 de 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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Reactor in Operator error loss of Diesel generators Offsite Potential
shutdown and results in power to start and are power Severe
operator intends opening of bus buses 1-C available for restored Core
to transfer 1-C tie breaker in and 2-C loading. Bus 1C Damage
and 2-C buses lieu of trans- source breaker-
from auxiliary former C bus fails to open due
transformer C . supply breakers to unavailable
to auxiliary undervoltage
transformers A scheme
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NSIC 164453 - Actual Occurrence for Brief Loss of Offsite and Degraded Load Shed Capability in San Onofre 1
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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 1

DOCKET NUMBER: 50-206

REACTOR TYPE: PWR

DESIGN 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 Californiar

DURATION: N/A

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF FAILURE: Failed to start

DISCOVERY METHOD: Operational event

COMMENT: . The utility believes the de control switch was mispositioned
during the current refueling outage, although this cannot be
confirmed. See also NSIC No. 161910 (San Onof re, 50-206, LER
80-038, Dec. 9, 1980).

.
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PRECURSOR DESCRIPTION AND DATA

.

NSIC Accession Number 164617

Date: January 30, 1981

Title: Partial Loss of de Power and Diesel Generator Trip at Millstone 2
,

l
The failure sequence wast

]
1. With the reactor at 100% power,125 volt de emergency bus A was fdeenergized when the main feeder breaker connecting the battery and 1

its charger outputs to this bus was . inadvertently opened by a plant J

equipment operator intending to take ground readings on the bus.
2. The deenergization of the bus resulted in the removal of control

power to the reactor trip breakers, causing a reactor scram. All j
control room annunciators were lost.

3. The tv-bine trip which normally follows a reacter trip did not
occur because of the unavailability of de bus A.

4. 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.)

.

Time Approximately 30 Seconds

5. Turbine was manually tripped.
6. 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 de system A.

7. The failure of the fast transfer lef t open the two breakers through
which offsite power is 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"
buses.

8. The loss of of fsite power to the "B" 4.16 kV emergency bus resulted
in the starting and loading of the B diesel generator.4

9. 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 de control

) power was not available, of f site power remained available to the
"A" train via the normal transformer.

10. 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 de system A. The main generator started to
motor.

Time Approximately 50 Seconds

11. The "A" 125 volt de bus was reenergized by closing the main feeder;

breaker.r

f 12. With de control available, the "A" 4.16 kV emergency bus and 6.9 kV
bus were transferred from the normal to the reserve transformer.;-

!
:

i

!

;

-

r-4 W y v s'p $ -w e - re,--e



n. - -

B-141

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

14. Upon restoration of de 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.

15. Upon restoration of de 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 of f site was
previously lost.

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

Time 10 Minutes

17. The "B" diesel generator tripped automatically because of a service
water 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.

18. The load shed signal was overridden and the "B" 4.16 kV emergency
bus was reenergized from the reserve transformer.

19. 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.

20. Dif ficulty 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:

1. The emergency procedure for loss of a de bus was revised to reflect
information gained during the event.

2. Circuit modifications were made to prevent the shutdown of a
running diesel upon reapplication of de 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.

3. Instrument loops were to be protected with manufacturer-recommended
slow-blow fuses instead of the currently installed quick-blow
tuses.
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4. The utility proposed redundant power supplies for the control room
annunciator system.

5. The diesel generator flange gasket was replaced.

Design purpose of failed system o~ component:
1. The diesel generator provides back-up power to safety-related loads

when the main generator and offsite power sources are . unavailable.
2. The de buses provide control power for all breakers, input power

. for vital inverters, as well as providing power to a variety of
uninterruptible loads.

3. The control room annunciator provides status indication for
numerous plant parameters and system operating conditions.

\
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NSIC 164617 - Sequence of Interest for Loss of de Bus and Diesel Generator Trip at Millstone 2
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CAT',0RIZAT10N OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: '164617

LER NO.: 81-005

DATE OF LER: January 30, 1981

DATE OF EVENT: January 2, 1981

SYSTEM INVOLVED: Offsite power, emergency 4.16 kV and de power

COMPONENT INVOLVED: 125 V de bus, diesel generator

CAUSE: Inadvertent trip of de bus and diesel generator trip due to
leaking service water flange

SEQUENCE OF INTEREST: Loss of de bus

ACTUAL OCCURRENCE: Loss of de bus and diesel generator trip

REACTOR NAME: Millstone 2

DOCKET NUMBER: 50-336

REACTOR TYPE: PWR
i
'

DESIGN ELECTRICAL RATING: 870 MWe
i.

REACTOR AGE: 5.2 years

VENDOR: Combustion Engineering

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Northeast Nuclear Energy Company

LOCATION: 5 miles SW of New London, Connecticut

DURATION: N/A

PLANT OPERATING CONDITION: Full power

- TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event

y - .. e-_ .-.,.. ... :e ,.- . --- . ... . . _ . , _

- -

_ _ _ _ , _ _ _



.

B-146.

.

c -.

...

COMMENT: Had the, "A" de bus not been restored prior to complction of
the main generator reverse power time delay relay operation
(de 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 Memorartdum No. 81-31:
Ioss of Direct Current (DC) Bus at Millstone Unit -2, March 31,
1981.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 164703-

Dates May 18,1981

Title: Loss of offsite power at La Crosse

The failure sequence wast

1. The reactor was operating at 28% power.
2. The switchyard operator was directed to open a switch in response

to another situation, but he opened .the wrong switch, disconnecting
the auxiliary transformer from the 69 kV transmission line. This
resulted in a loss of all offsite power.

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

Corrective action:
1. Offsite power was restored within 14 min.
2. Practices were revised to require outside switching order to be

executed in the presence of a second person whenever possible.
3. Additional practical training was to be provided on the switchyard

for all operators.

Design purpose of failed system or component s

- Of fsite power provides the preferred source of power to plant loads
when the unit generator is unavailable.

.
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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
4

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 tacrosse, Wisconsin

DURATION: 14 minutes

PLANT OPERATING CONDITION: 28% power

TYPE OF FAILURE: Made inoperable

'- DISCOVERY METHOD: Operational event

COMMENT:
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I '. ' PRECURSOR DESCRIPTION AND DATA

iv

NSIC Accession Numbers.164955

Date: March 26,1981

Title: Loss of HPCI and RCIC Systems at Hatch 1

The failure sequence was:

1. With the reactor in shutdown, RCIC had been removed 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:

1. The line was repaired and the HPCI test performed satisfactorily.
2. Remaining HPCI and RCIC oil lines were inspected for damage.
3. Personnel 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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B-154'

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

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: Hat'ch 1

DOCKET NUMBER: 50-321

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 777 MWe

REACTOR AGE: 6.5 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Southern Services

OPERATORS: Georgia 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 METROD: Surveillance testing
!

COMMENT:

i

l

i
:

r

I
,

- - - - - - -- - - , -m . . - - , - -



1

'

c

l.

'

B--155 .

I
1

l
|
1

PRECURSOR DESCRIPTION AND DATA-

i NSIC Accession Number: 165438-

Date: April 16, 1981

~ Title: Unavailability of Emergency Power at Hatch 1

The failure sequence was:

1. Unit I 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 ID 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 1C by tripping its protective relaying. The diesel
breakers should have autoclosed in response but did not, due to a
failure in disk' rotation in two undervoltage relays in the lockout
trip relay logic for the IC transformer.

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

6. Unit 2 entered an LCO, since Unit I 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:

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

2. The LOOP test was rerun successfully.
3. The relays were checked for disk movement upon loss os 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/flPCI Automatic LPCI long Potential Sequence
Offsite Scram Start Liquid Response Depressuri- or CS Tern Severe No.
Power and Control Adequate zation Response Core Core

Load Initiated System Adequate Cooling Damage
Operates

- No 1

Yes 2

No 3
.

Yes 4

Yes 5

Yes 6 . to.-- a-

h(F) No 7 $
- m,

--
Yes 8

'

Yes 9

j No 10

Yes 11

Yes 12

Yes 13,

1 5 (F)
1 Yes 14

'

1

|
'

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

;a
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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 failed 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.

LOCATIOVs 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.
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B-159

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 165900

Dates . April 21, 1981

Title: Inadvertent Opening of Pressurizer. Relief Valve at Raddam Neck

The f ailure sequence was

1. With the reactor at 100%' power, pressurizer PORY 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:
1. 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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B-162-

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 165900

.LER NO. 81-003

DATE OF LER: April 21, 1981

DATE OF EVENT: April 3,1981

SYSTDi INVOLVED: -- Pressurizer relief

COMPONENT INVOLVED: PORV and block valve

CAUSE: Loose electrical connector caesed spurious signal
~

SEQUENCE OF INTEREST Small break LOCA

ACTUAL OCCURRENCE: Small break LOCA

REACTOR NAME: Haddam Neck

DOCKET NUMBER: 50-213

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 580 MWe

REACTOR AGE: 13.7 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Stone and Webster

OPERATORS: Conn Yankee Atomic Power Co.

LOCATION: 13 miles east of Meriden, Connecticut

DURATION: N/A

PLANT OPERATING CONDITION: 100% power

TYPE OF FAILURE: Inadvertent opening

DISCOVERY METHOD: Operational event

COMMENT:

I

. .
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A PRECURSOR DESCRIPTION AND DATA-

NSIC Accession Number: 166072

Dates May 19, 1981 i.

Title: Damaged RRR Heat Exchangers at Brunswick' 1

The failure' sequence was:

1. Dyster shells' growing in the service water (SW) piping dislodged
and accumulated,ik the tubing of the B RHR heat exchanger (HX).

,

The shell buildup resulted from the service water. chlorination
system beint'ont of service for an extended period of time.

2. 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 HI tubes, rendering the heat removal capability
unavailable.'i This sus discovered during a special inspection
conducted during a cold shutdown April- 19, 1981.

3. The IB HK was removed fro:a 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 1 A RHR HX was started.

4. The increased flow caused the 1A HX baffle to displace in thes came
manner as the 18 RX, resulting in a loss of cooling. Shell baildup
in the 1A HX wastalso responsible for the high pressure drop condi-,

tions leading to the baffle displacement.4

5. Both RER HXs . for Brunswick I were unavailable for heat removal.

Corrective actinq).
1. An alternate shutdown cooling lineup was established using fuel

pool coolers, the condensate storage tank, and the core spray
system. A

2. Temporary repairs were performed on the 1A heat exchanger and it
was returned to service while permanent repairs were still in1

I progress on the 18 heat exchanger. Permanent repairs for the 1A EK
were to follow return to service of the IB RX.

3. Programs were beicg pursued to monitor safety-related HK perfor-
mance, clean the R1 tubes and SW piping, and resume the SW '
chlorination operation.

4. Plant procedures were to be revised to vent t' . ? A eervice water
system regularly.i

'

i

9esign purpose of failed system or componeg
,s The RHR system provides long-term core ,oit-e - r normal shutdown,

maintenance 'of cold shutdown, and heat removol capability for emergency
shutdown modes.S -

+s a +

I

.

.

.

A

~k.

-

t'
, _ _ , .- ,



;

L.
_2

.

.

- =_
t3 gm*8

.

-
.

n
.

.

.

-

n 2w
t o =
nd

.

at
l u
ph
,s -

rd
el
voec
won

-hi
-

l

=a e
i l
t e e bnr g i
eeea s
t vrm s
oeoa o o o LPSCD N P N

1

R k
H s c
Rs ie wec s
t c nau uns rr Beh
t t t
l a aAp

s
r
e
g

n n
a
h
c
xe Ev

ei tcs ai sy eveb Hrc
nexd Rosee Hs RXd ou
Hnt a fo c. oAce
1 eups s
- sd ol sR rl oHf pd e lRom h

ues rf ppr oou ur f
t rse

srest esat es cot ary nLswpo e
r
r
u

L. , ,7 c
I .< ' c

, O
l,

aor , uKt e
U t

, t
ces ,

1do
, AB uy

-,

- ,
Rey 2H gb 7
R a , 0me , 6f ag 6

. od as ', 1.

kl ,smcl Csooe , I
orlh Sl fbs , N' -

_

_
_

-
_
-

_

-

-

.

.

-

-

4 i i i >J ) ;!' ,



, \i| I

ol$u
.

t

e
c
n

- e
u 1 2 3 4 5 6 7 8 9 0
q . 1
eo
SN

_

l
a
i
t e enr F
eeea
t vrm s s s s s s s
oeoa o e o e e e o e e e
PSCD N Y N Y Y Y N Y Y Y

g 1n,

k _i
gmel cnrro ioeoo w) ) )l TCC F F F s

( ( ( n
up f If r
Bee

st tna
I Cpq

'aSou

C se R
P red H
L ORA R

-
f _o

- s
i s

cr o
i u s L
t s e
asnmt r
meoea o
orit r f
t pt se
ueayp t
AD zSO s

e
r
e _t

_
.

n _e d I .

rge
und f
sii o

h sl v
geoo e
l ror c
I PCP nl

e
u
q

d ee Sy l t
bd oa -diri
nutt 2aqni 7ti on 0SLCI 6

6
1

r C
o I

t m S
ca N
ar
ec
RS

t
ft none

l ad
l sli
asocmooc
SLCA

_

.

_
ji II i 1liiI||



7- , ,

B-166

CATEGORI?.ATION 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 ELECTRICAL RATING: 821 MWe

REACTOR AGE: 4.5 years

' VENDOR: General Electric

ARCrtITECT-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 1A heat exchanger to service.

PLANT OPERATING CONDITION: Cold shutdown

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Special inspection

.

. a- , n
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i-.

- - COPMENT: Further information: NSIC 166019 (Brunswick 1, 50-325, LER-
81-0005, April 30, 1981). Feed and bleed using the maint

' 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.,

.

4
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 166082

Dates 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 inoperable.
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 inoperable.

4. Both HPCI and RCIC systems were inoperable.

Corrective action s
1. The faulty HPCI valve motor operator, which was found to have

burned windings, was replaced, tested satisf actorily, and returned,

'
to servica.

2. A thorough investigation of the HPCI failed motor windings did not
reveal cause for the failure.

4 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. RPCI pros des reactor core cooling in the event of a small break
LOCA.

t
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 166082

LER No.: 81-039

DATE OF LER: May 7, 1981

DATE OF EVENT: April 10, 1981 ,

SYSTEM INVOLVED: ' HPCI and RCIC j

COMPONZNT INVOLVED: Valve operator and turbine governor
_]

CAUSE: Mechanical failures

SEQUENCE OF INTEREST: LOFW

ACTUAL OCCURRENCE: HPCI and RCIC found inoperable upon testing

REACTOR NAME: Brunswick 2

DOCKET NUMBER: 50-324

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 821 16ie

REACTOR AGE: 6.1 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: United Engineers & Constructors

OPERATORS: Carolina Power & Light

LOCATION: 3 iniles north of Southport, North Carolina

DURATION: 360 h (estimated)

PLANT OPERATING CONDITION: 37% power

TYPE OF FAILURE: Failed to start;
made inoperable

DISCOVERY METHOD: Surveillance testing

COMMENT: Additional information: NSIC 166083 (Brunswick 2, 50-324, LER
81-029, May 5, 1981).
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B-172

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 166384

Date: May 22, 1981

Title: LOOP at Monticello

The failure sequence was: ,

1. During a refueling outage an energized 4.16 kV breaker was racked
out under load due to an operator error.

2. The resulting flashover created an electrical fault on No. 16 4.16
kV essential bus.

3. The No.16 bus fault was picked up by the undervoltage relays on
the IR transformer, which then tripped off before the overcurrent
relays on bus No.16 could trip of f.

4. Sensing of the undervoltage condition on the IR transformer
actuated automatic isolation of the entire 4.16 kV distribution
system f rom the power source.

5. A momentary loss of all 4.16 kV busses occurred.
6. The No. I AR transformer and the No. 12 diesel generator closed into

the faulted bus and subsequently tripped due to undervoltage and
overcurrent, respectively.

7. The No. 11 diesel generator came on line and successfully supplied
power to the No. 15 4.16 kV essential bus.

Corrective action

1. Operator action restored the unf aulted 4.16 kV buses to service by
returning transformer 1R to service.

2. The faulted essential bus and damaged breaker were isolated.
3. Operator retraining program was revised to include proper breaker

oparations.

Design purpose of failed system or component :

Of fsite power provides the preferred source of power to safety-
related loads when the unit generator is not operating.

1
. _ . _ . i
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11-175

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 166384

LER NO. 81-009

DATE OF LER: May 22, 1981

DAT' 0F 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 MWe

REACTOR AGE: 10.4 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Bechtel

j 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:

!

I

L
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B-176

.

PRECURSOR DESCRIPTION AND DATA

!

NSIC Accession Numbert 166650

Date June 19,1981

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

The failure sequence wast

1. 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 actions
1. The valve was reopened and locked in that position.

Design purpose of f ailed system or component

The high head st'ety injection pumps provide water for RCS makeup
following a small break LOCA.

|

i
|

|
|
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. - . . . . - - - _ . -
_

Reactor at Primary auxiliary building Potential
full power operator discovers emergency Severe

cooling water supply valve Core
unlocked and closed, Damage
resulting in unavailability
of the high head safety
injection trains

.,g No - no requirement for safety injection during

33 period of time system was unavailable

!$
' as

t
H
N
N

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

i NSIC 166650 - Actual occurrence for Safety Injection Supply valve Found Unlocked and Closed at
Beaver Valley

J
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B-179

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: High 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 informations Report to
Congress on Abnormal Occurrences, NUREG-0090, Vol. 4, No. 3.

L.
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B-180

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 166745 !
l

Date : July 10,1981

Title , Two Shutdown Eequencers and Diesel Generator Fail at Palisades

The failure sequence was:

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

2. Diesel generator 1-2 was tested satisfactorily.
3. Sequencer 34-6 was tested and failed to operate apparently due to

binding in the clutch. The prototype events recorder was attached.
4. Diesel generator 1-1 was tested and failed to reach rated

frequency.
5. 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:

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

2. Sequencer 34-6 failure was not repeatable; however the clutch was
cleaned and lubricated and the sequencers were returned to service.

Design purpose of failed system or component:
1. The diesel generators provide power to safety-related loads when

the unit generator and of fsite 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-78 o Service water pumps P7A and P7C
o Charging pump P-55C o Charging pumps P-55A and P-55B
o Containment cooling RCIC fan V4A o Containment cooling rectre. fans

VI A, V2A, and V3A

Sequencer f ailure would require the loads tabulated above to be manually
started following a loss of of fsite power event.

.



n. . . - .. . - . . . .- . - . - - .- ,_. . ,

..

Reactor at 991 Shutdown sequencer Shutdown sequencer Diesel generator Potential
power and sur- 34-5 fails to oper- 34-6 fails to oper- 1-1 faf1s to reach Severe
veillance ate due to dirty ate due to an rated frequency Core
testing in sequence contacts apparent sticking Damage
progress clutch

No - no LOOP,

5
P

s
.t-

9
'

'
No - no LOOP-

> y'
,,

,.
~
00

s- H's

.''
''

No-,

No

NSIC 166745 - Actual Occurrence for Two Shutdown Sequencers and Diesel Generator Unavailable at Palirades
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B-183

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 DC 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 alles south of South Haven, Michigan

DURATION: 15 days (estimated)

PLANT OPERATING CONDITION: 99% power

TYPE OF FAILURE: Inadequate performance

DISCOVERY METIIOD: Surveillance test

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

. _ _ _ - - - _ - - _ - - _ _ - - . _- ..-._- -- --- . _ - . - _ - - _ --- - -- . _ _ _ ,
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 167117

Date July 7, 1981

Title: Switchyard Voltage Drops Below Low Limit at Rancho Seco

The f ailure sequence wast

1. 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 t

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.



- __ __ - - 1 . - _ . .- ;. .

|

l

i

Reactor shutdown Reactor coolant Diesel Reactor heat Potential-
and excessive pumps tripped generators removal via Severe
grid demand supply safety- decay heat Core

| results in low related loads removal Damage
switchyard system
voltage

N
ab

n
Possible - RCS heatup and use of, turbine-driven

A W train for natural circulation
cooling may provide adequate core,,

cooling

Possible - RCS heatup and use of turbine-driven
A W train for natural circulation g
cooling may provide adequate core 4
cooling oo

*, ' , ' ' , ' , ' ' , ' " ' , " , "
.

No

Possible - RCS heatup and usa of turbine-driven
AW train for natural circulation
cooling may provide adequate core
cooling

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

NSIC 167117 - Actual Occurrence for Effective loop at Rancho Seco

I
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 167117

LER NO.t 81-034

DATE OF LER -July 7, 1981'

DATE OF EVENT June 19,1981

SYSTEM INVOLVED Offsite power

COMPONENT INVOLVED: Switchyard

CAUSE: ' Low switchyard voltages due to excessive load demand

SEQUENCE OF INTEREST LOOP

ACTUAL OCCURRENL!.t Ef f ective LOOP

REACTOR NAMEt Rancho Seco

DOCKET NUMBER: 50-312

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 918 MWe

REACTOR AGEt 6.8 years

VENDOR: Babcock & Wilcox

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Sacramento Municipal Utility District

LOCATION: 25 miles SE of Sacramento, California

DURATION: N/A

PLANT OPERATING CONDITION: Cold shutdown

TY'E 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.

.
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 167611

Date: June 30,1981
~

. Titles Inadvertent spray Initiation and Draining of Reactor Coolant
. System at Sequoyah 1

The failure sequence wes t

1. The unit was in cold shutdown on RRR train and preparing to bring
RHR train B on line.

.

2. To ef fect this, the unit operator sent an assistant unit operator
(AUO) to open locally operated valves 1-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.

3. A later telephone conversation between the unit operator and aux-
iliary 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.

4 The RCS began to blow down through the 8 RRR train and spray line
to the containment.

5. RCS pressure and pressurizer level decreased rapidly.
6. The operators, believing a LOCA had possibly occurred, tripped the

operating RC pumps.
7 The containment was evacuated.
8. Standard emergency (LOCA) procedures were implemented:

a. containment purge was terminated,
b. the charging pumps were aligned to the RWST,
c. RHR suction valve to the RWST was opened.

9. Pressarizer level began to increase.
10. Forty three minutes af ter the event began, the operators learned

that the ADO had opened the spray valves and verified its being
open from the control board indicators. The valve was closed and
the RCS stabilized.

11. 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 actions
An extensive initial investigation subsequently resulted in the

following actions:
1. In order to clarify the duties and responsibilities of the shif t

employees including the shif t engineer, the structure of the
operating shif t was revised and issued. The general-

responsibilities and authorities of each position are described in
the job description provided to the individuals when they are
appointed to the position. Administrative Instruction AI-2 has
been revised to describe the responsibilities and authorities of
each operating station.

e

_ _ . _ _ . _ _._. __
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2. In order to improve communications betweed shif t personnel and
between shif t personnel and management ,/learer lines of cossaunica-*

tion were> provided between operating positions within a shif t as
Y vell as between operating 6hif ts and other sections by revising thej-

,

,9' shift segucture, clarifying the communication paths, establishing'
2

,
'

/ work . location routines, improviny'che jusintsasace of telephones,
p .and investigating additional or differenc ralio communications.

r' ' 3. The environment in the main con (c'o1 room was improved by closer
supervision and compliance.f tty established pelicies regarding con-
duct, access, and.housekeepin i

. The //ssistant Sut,ariete'n?.nnt' g . t
4. A ut Operations Supervisor met with

each shif t crew before, restart to emphasize the conduct required by
Al-2. These discuestor.s stressed clear communications, control
room atmosphere, authorities and responsibilities of operating
personnel, and status control of safety-related systems.
Discussions were also held with all key sypervisors emphastaing the
requirements to 14ep the shif t engineer ' informed of work in
progress and his responsibility to kesp' control of activities
affecting safety.

,

5. An in plant on-the-jab training and certification system of non-
licensed operating personnel was established.

6. All future nonlicensed r parating employees will, upon assignment toe

Sequoyah, receive on-the-job break-in t. raining and examinations
before assaning responsibility for any .fo position. A Sequoyah
Standard Practice describing this breakin was issued and
implemented. '

7. In order to ensure that only qualified employees are asulgned to
perform functions that can affect the safety of operations. TVA
evaluated nonlicensed operating employees, specifically the
assistant unit operators and fourth period student operators, to
determine each individual's qualtiteations and propetence in regard
to performing operating functions that can afface _the safety of
ope rat ians . The result of this evaluation is a qualification
statua list which reflects the specttwa of nonlicensed operating
personnel's operating experience at Seswyah.
used to fill vacant shift positions.

~

This Itst will be

Design purpose'of fail.ed system or component s

The spray system provides water to the containment atmosphere for
containment depressurisation and radionuclide scavenging. The IUIR
system proy Ues core cooling during plant shutdown.
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Reactor at Assistant unit After opening Rapid RCS Charging Spray Potentialcold shutdown operator sent RHR valves, pressure and pumps valve- Severewith Itut to open RHR ADO opened pressurizer aligned to discovered Core
train A in train B valves spray valve level decrease RWST; RHR - opened and Damageoperation 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 B and tiating con- procedure opened
to check closed tainment spray
containment through RHR
spray valve system
1-FCV-72-40

No-
.a6

ab

No - Plant in cold
shutdown and sump
recirculation

n capability
available . f

w
@
o

Possible - if RCS
drained and

Q core cooling'
,- not eventually,

'

restored-
#s

d

N
-'

Possible - if RCSO drained and
core cooling
not eventually
restored

No

No

NSIC 167611 - Actual Occurrence for Inadvertent Spray Initiation and Draining of Reactor
Coolant System at Sequoyah 1
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Reactor Containment RIIR Pumps IDCA Procedures _ . Spray Charging Potential -Sequence
Recently Spray Valve Continue Initiated; Valve Pumps Severe No.
Placed in Inadvertently to Operate . Charging Pumps Found ' Provide Core
RilR Follow- Opened in After loss Aligned to RWST Opened Adequate Damage
ing Shutdown Lieu of of NPSli. and Started, and. RCS Makeup -

;

From Power Checking Following Ri!R RWST Closed
Closed RCS Depres- Isolation

) surization Valves <
Opened*

,
*;
.

,

No . - , _ ;-

,

No
. ~ .

Yes

'I Y%-
No

'

G ^

7, . w :. :'

; --
-

. ~_

^ h- (F) *
'-; ,

.> , .
,

( Yes ?
,

-
-

,

~

yo ; 7 - ~~

-

, j,s. +,

. Yes ..
i p

.

No,

-1

~NSIC 167611'- Sequence of Interest for Inadvertent Spray Initiation and Draining of Reat. tor
'

. Coolant Systes at Sequoyah 1
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B-192

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 167611

|LER NO. : 81-021 Rev. 1.
!
1

DATE OF LER: June 30, 1981

DATE OF EVENT: February 11, 1981
)

SYSTEM INVOLVED: Residual heat removal and containment spray

COMPONENT INVOLVED: Spray isolation valve

CAUSE: Operator error

SEQUENCE OF INTEREST: Small break LOCA while on RHR

ACTUAL OCCURRENCE: Inadvertent spray initiation and RCS draining

REACTOR NAMES- 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 s(quence was

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

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

3. Diesel generator A started and loaded the A 4169 volt bus.
4. Diesel generator B f ailed to- start due to a maladjusted timing

relay. Power was provided to the B 4180 volt Lus from a fossil
plant startup transformer via manual connection by the operator.

5. The "B" DG was successf ully started manually about 10 minutes into
the transient and was allowed to run on standby until Unit 3 trans-
former was energized.

Corrective action

Of fsite power was restored approximately 4-6 h af ter 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
prodram.

Design purpose of failed system or component :

Of fsite 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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B-196

|

CATEGORIZATION OF ACCIDENT SEQUENCE PRECUkSORS )
|

|

1
'NSIC ACCESSION NUMBER: 167624

LER NO.: 81-033

DATE OF LER: July 14, 1981

DATE OF EVENT: June 16,1981

SYSTEM INVOLVED: Of fsite power, energency power

COMPONENT INVOLVED: Startup transformer, diesel generator

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

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: LOOP plus diesel failure to start

REACTOR NAME: Crystal River 3

DOCKET NUMBER: 50-302

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 825 MWe

REACTOR AGE: 4.4 years

VENDOR: Babcock & Wilcox

ARCHITECT-ENGINEERS: Gilbert Associates

OPERATORS: Florida Power Corporation

LOCATION: Red Level, Florida

DURATION: N/A

PLANT OPERATING CONDITION: 100% 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).
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B-197

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 168548

Dates August 25, 1981-

Title: Switchyard Voltage Drops Below Low Limit at Rancho Seco

The failure sequence was:

1. . ith the reactor in hot shutdown, excessive electrical demandW

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 tha
safety-related buses.

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 t

Offsite power provides the preferred source of power to safety-
related loads. The vital buses have 2 power supplies, offsite and
emergency diesel generators.

- . ,
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B-200

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS j

NSIC ACCESSION NUMBER: 168548

LER NO.: 81-039 i

DATE OF LER: August 25, 1981

DATE OF EVENT: August 7,1981

SYSTEM INVOLVED: Offsite power

COMPONENT INVOLVED: Switchyard

CAUSE: Low switchyard voltages due to excessive load demand

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCUPRENCE: Effective LOOP

REACTOR NAME: Rancho Seco

DOCKET NUMBER: 50-312

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 918 MWe

REACTOR AGE: 6.9 years

VENDOR: Babcock . Wilcox

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Sacramento Municipal Utility District

LOCATION: 25 miles SE of Sacramento, California

DURATION: N/A

PLANT OPERATING CONDITION: Shutdown

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event

COMMENT: The safety feature equipment called upon was the DCs. 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).
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B-201

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 168829

Dates September 14, 1981

Titles - Both Safety ' Injection' Trains Inoperable Due to Valve Problems at
San Onofre 1

The failure sequence was

1. With the reactor. at 87% power, No. I regulated power supply failed
due to a filter choke failure.

2. This resulted in (1) failure of the de 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 de 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-
cations, erratic feedwater flow, and unresponsive controls.

4. Feedwater flow continued at varying rates (resulting in liigh 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 HV851 A and HV8518 failed to open as required because the
differential pressure across the valves prevented their
o pe ra tion. Failure 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:

1. The No. 1 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 :

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

2. The safety injection system provides a source of water for core
cooling following a LOCA.

,
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Reactor at Erratic secondary- Manual Continued Valves HV851A, Potential'.
87 power side indications, reactor feedwater flow IN851B fail to Severe
ar.d loss of feedwater flow, trip resulting in open due to Core
#1 regulated and unresponsive steam generator differential- Damage
power supply controls overfill, RCS pressure,,

cooldown, and rendering the
safety injection safety injection
initiation system unavailable
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.

P

'
t

e

9

No-
-

tus,

4> 8

N

1
.o
N.

I
No

I
" l

I

I

eventus10i n > >< s s ins
' " " ' ' ' ' ' "

auto trip
expected

NSlc 168829 - Actual Occurrence for Both Safety Injection Trains Inoperable Due to Valve Problems at San Onofre 1
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B-204

i

CATECORIZATION OF ACCIDENT SEQUENCE PRECURSORS 4

1

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

COMPONF.NT 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 1

DOCKET NUMBER: 50-206

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 436 MWe

REACTOR AGE: 14.2 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: Southern California Edison

LOCATION: 5 miles south of San Clemente, California

DURATION: 871 days

PLANT OPERATING CONDITION: 87% power

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Operational event



-_
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B-205

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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B-206

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 169042

Date: ' August 13, 1981

Title: Degraded High Pressure Injection System During a Loss of Offsite
Power at Arkansas Nuclear Unit 1

The failure sequence was :

1. With the reactor at full power with atmospheric dump valves
isolated due to vibration and failure to close problems, tornado
activity resulted in the sequential loss of four of five offsite

power lines. Protective relaying disconnected the remaining
of f site power line from the bus tie autotransformer. (Offsite
power was available through manual connection from the 161 kV
transmission system).

2. Because of a prior tornado warning, diesel generator No. I had been
started before the LOOP. Diesel generator No. 2 started and both
provided power to safety-related loads.

3. Both emergency feedwater pumps provided water for steam generator
cooling.

4. High pressure injection was manually initiated to recover system
pressure following the trip. HP1 loop B isolation valve CV-1227
failed to open on HP1 initiation. The valve failed to open because
of a stuck manual engaging lever.

5. Because of continued HPI flow, pressurizer level increased to above
maximum level indication. The pressurizer PORV and its associated
block valve were opened and cycled to ensure the pressurizer was
not solid and to reduce RCS pressure.

6. The process and trend computers were unavailable during the event
because of incorrectly positioned power switches.

7. On the same day, but prior to the LOOP, maintenance and testing had
been completed on EFW pump steam admission valve CV-2667. The
valve did not fully close during testing. Steam admission valves
also did not fully close during recovery frum the LOOP. Also on
the same day, quarterly tests of the HPI loop isolation valves had
been performed and the valves declared operable. Forty-two minutes
prior to the LOOP, turbine-driven EFW pump P7A had been returned to
service following pump gland seal repacking.

Corrective action:

Of fsite power was restored via startup transformer ST-2. The stuck
manual engaging lever for HPI valve CV-1227 was f reed. Procedures were
revised to require stroking of such valves from the control room af ter
manual operatien.

Design purpose of failed system or component:

Offsite power provides the preferred source of power to safety re-
lated loads when the unit generator is not available. The HPI system
provides water to the RCS for core cooling during off-normal situations.

_..,m
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B-209

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 169042 -

LER NO.: 80-013 Rev. I

DATE OF LER: August 13, 1981

DATE OF EVENT: April 7, 1980

SYSTEM INVOLVED: Of fsite power, high-pressure injection

COMPONENT INVOLVED: Transmission lines, valve

-CAUSE: Tornado damage to transmission lines, f.tilure 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

DESICN 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: 100% power

TYPE OF FAILURE: Made inoperable;
failed to open

DISCOVERY METHOD: operational event

COMMENT:

.
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B-210

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 169587

Date: November 4, 1981

Title: Safety Injection Path to RCS Obstructed at Turkey Point 4

The failure sequence was:

1. At the beginning of a refueling outage and while conducting a
routine periodic test during partial 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 injection 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.

I
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R[ actor beginning Safety injection system Potential
refueling outage blocked by boric acid Severe

solidification' Core
Damage

No - no requirement for safety injection
,

to,

b'

'

#.

No

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

CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION 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

V ENDOR: . 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

DISCOVERY METHOD: Testing

COMMENT:

I
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IF-214

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 170098.

Date Novembe r 19, 1981
.

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

1he failure sequence was:

1. With the reactor in hot shutdown following a reactor trip,. replace-
ment of inverter IA cabinet f an unit fuses was in progress.

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

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

4. During the safety injection, boron injection tank inlet valves ISJ4
and ISJ5 f ailed to open due to borte acid crystallization on the
valve stems.

Corrective action: '

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

2. 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.

.
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Reactor in hot During replacement of Safety injection . Boron injection - Potential
shutdown fol- inverter lA cabinet occurs due to high tank inlet valves severe
loving a fan unit fuses, a volt- steam flow indica- ISJ4 and ISJS fail core-
reactor trip age transient was tion caused by loss to open fully due. ' damage

induced in the invett- of vital bus to boron crystal
er control wiring, accumulations on
resulting in loss of the valves
lA inverter and loss
of the 1A vital bus
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NSIC 170098 - Actual Occurrence for Two Boron Injection Tank Inlet Valves Fail to Open at Salem 1
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CATECORIZATION OF ACCIDEC SEQUENCE PRECURSORS

.NSIC ACCESSION NUMBER: 170098
s -

- - 81-Oh. ~,e LER NO.:
-

DATE OF LER: Noveiner 19, 1981 '

I

DATE OF EVENT: November 6,1981
/

' SYSTEM INVOLVED: Safety' injection

COMP 0NENT INVOLVED: BIT inlet valves
_

CAUSS: Borte acid crystal buildup around valve stems

SEQUENCE OF INTEREST: Main steam line break (MSLB)
-

AC'n!AL OCCURRENCE: BIT inlet valves failed to open on demand from inad-
vertent SI signal

REACTOR NAME: Salem'I

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 Electrie

OPERATORS: Public Service Gas and Electrle

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

/

r
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COMMENT: 1. Valves may have opened suf ficiently to permit boron
.. injection for MSLB mitigation. However, the atility

reported BIT dilution only af ter stroking the valves
during subsequent maintenance.

2. Additional information: LERS 81-111/03L, 81-112/03L, 81-
Il0/03L.

'

3. During the inadvertent SI, fan coil unit No. 11 failed to
start in the slow speed mode due to a failure to close of
the autcaatic 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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3 PRECURSOR DESCRIPTION AND DATA- *
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NSIC Accession. Numbers ' . 170199- 0
,

C . % ss

-JeDate: October'27, 1981

. Y.~ . ,c. y 1
. .

Titles. Unavailability of Diessi Generator and. Component Cooling Water..
Train at Kevaunee- -? : ' e

h k i < w; ;
The f ailure sequence,'was,t ' c ;; s

+

'
.. , , .o u<- '

1. With the3 reactor at 100%' power, diese1 ~ generator '1B was removed
'*'-- < from servihe.for maintenance.

Later in' the' shif t,- the 1 A c'omponent cooling water heat exchanger" 2.
~

was isolated and the supply motor operated valve breaker opened.
This -resulted in unavailability of - both component cooling water
trains in -the event .a LOOP. -

Corrective actions ,,
The unavail' ability wad utscovered when servica water was restored.

J-.
Design purpose of f ailed ny-tara or components

y The diesel genyrator provides, power to safety-related loads when .p
the unit generator arid of fsite power sources are unavailable. The
component cooling water system provides cooling water for the RC pumps,

' RHR heat exchangers. and safety injection pumps as well as other
equipment. (
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

._ NSIC ACCESSION NUMBER: 170199

LER NO. 81-033

DATE OF LER: -October 27,.1981

DATE OF EVENT: October 16,'1981

SYSTEM INVOLVED: Component cooling water and emergency power

COMPONENT INVOLVED - CCW heat exchanger and diesel generator

CAUSE: ' Operator error

SEQUENCE OF INTEREST: LOOP

ACTUAL OCCURRENCE: Concurrent unavailability of diesel generator and
alternate CCW train

REACTOR NAME: Kewaunee

DOCKET NUMBER: 305

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 535 MWe

REACTOR AGE: 7.6 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Flour Power

OPERATORS: Wisconsin Public Service Co.

LOCATION: 27 miles east of Green Bay, Wisconsin

DURATION: 50 min

PLANT OPERATING CONDITION: Full power

TYPE OF FAILURE: Made inoperable

DISCOVERY METHOD: Operator observation

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

L__
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number 171202

Dates December 3, 1981

Title Unavailability of Emergency Power System at Turkey Point 3
.

The f ailure sequence was:

1. 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:
1. .1 Rue 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 of fsite power sources are unavailable.

.
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,

.

Reactor in cold shutdown DG "A" fails to run due Potential
and DG "B" out of service to inability of start Severe-
for maintenance motor to disengage, a Core

result of a failed starting Damage
air solenoid diaphra2m

'
No - no LOOP and plant at, ,

, cold shutdown

:[ y'

' n
N.
>

No

NSIC 171202 - Actual Occurrence for Unavailability of Emergency Power System at Turkey Point 3

- -,m..__.-. _ _ _ . . _ ,
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I

.CATECORIZATION OF ACCIDENT SEQUENCE PRECURSORS'
1

|

NSIC ACCESSION NUMBERS. 171202

LER NO.: 81-015

DATE OF LER: December 3,1981

- DATE OF . EVENT: bbvember 12, 1981

SYSTEM INVOLVED: Emergency power system

COMPONENT IRVOLVED: Both diese1 ' generators

CAUSE: Component f ailure on one diesel while other 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 HWe

REACTOR AGE: 9.1 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: 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: Of fsite power available; DG restored in 30 min.
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PRECURSOR C5 SCRIPT 10N AND DATA

NSIC Accession Numbert 171667

Dates December 15, 1981

Title Loss of Two Instrument Buses at Davis-Besse 1

The failure sequence vast

1. With the reactor at 74% power, "A" control rod drive breaker was
deenergized as part of a Control Rod Drive Breaker Logic Test.

~

2. . Construction personnel inadvertently caused a mechanical' shock to
nonessential breaker RAAEZ which caused a ground f ault relay to
activate and trip the breaker, resulting in loss of bus E2. This

: caused loss of the control rad ' 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.

3. The loss of bus E2 deenergized the power supply (E23) to the regu-
lated instrumentation distribution panel YAR.

4. 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 logic
card in the static 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 ro/ r e system bus 2
Station ant .ator
Communicattan system A
CRD redundant position indicator
Computer peripherals
Main feed pump turbine 1-1 control
Reactor coolant pump 1-1-1 and 1-2-2 speed switches

i5. Loss of YAU resulted in loss of indication on both saturation
meters (due to a requirement for both saturation meters to be
powered f rom both noninterruptible power supplies YAU and YBU),
loss of auxiliary feed pump 1 flow indication, and trip of makeup
pump 1 (when the makeup tank level time delay relay powered from
YAU deenergized). Makeup pump 1-2 was in operation at the time.

6. 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 maladjusted governor
slip clutch and bent low speed step pin.

7. Main steam safety valve SPl7B4 opened and failed to properly reseat
and was gagged.

8. Approximately 13 minutes af ter unit trip, bus E2 was reenergized
from its alternate source by manually connecting bus E2 to its
alternate feed on the B bus.

!

f
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I

Corrective action:

1. All type ITH relays at the unit were adjusted to as wide a gap as
'

-possible consistent with proper, relay operation.
- 2. The defective static sensing and transfer logie ca.d in inverter

YVA was replaced and YAU was returned to its normal power supply.
3. The 2 AFW pump turbine governor slip clutch was adjusted and 'the

low speed stop pin straightened. The governor was subsequently
- replaced with a space.

4. Saturation margin meter wiring was modified to porer the meters
from one power supply each.

Design purpose of failed system or component s -

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

2. The auxiliary feedwater pumps provide cooling water to the' steam
generators when the main feedwater system is unavailable.

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

4. Safety valves provide overpressure protection.

s
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Reactor at. Breaker HAAEZ Inverter supply Bus YVA de- A W pump Main Potential.
74% power inadvertently YVA previously energized due #2 fails steam Severe
and "A" struck and transferred to to deenergiza- to start relief Core
control rod trips, result- YAR due to tion of YAR. when manu- valve- Damage
drive breaker ing in loss of defective static Resultant loss ally actuated SP17B4
deenergized bus E2, deen- sensing and of indication 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 fl flow low speed stop.
indication, and pin
trip of makeup
pump 1-1

No - AW pump #1 'g
available for-

'

core cooling

No - AW pump f1-

available for
.L core cooling y

N
k N
No

il
s'

No..
*

.

' No*,

s-

d
< -,

No.,

i e e

! No-,

--

No

No

No

No

NSIC 171667 - Actual Occurrence for Loss of Two Instrument Buses at Davis-Besse 1
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CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER:- 171667

LER NO. '01-037 Rev. 1

.DATE OF.LER December !!, 1981

DATE OF EVENT: -. ' June 24, 1981

SYSTDI INVOLVED: Vital power, auxiliary feedwater

COMPONENT INVOLVED: Breaker, inverter, auxiliary feedwater pamps,
safety valve-

CAUSEt Mechanical shock to breaker, faulted static sensing and
transfer logic card

SEQUENCE OF INTEREST: Loss of feedwater

ACTUAL OCCURRENCE: loss of vital bus

REACTOR NAME: Davis-Besse 1

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: 74% power

TTPS OF FAILURE: Inadequate performance;
failed to start;
made inoperable

4

DISCOVERY METHODt Operational event

COMMENT:

i
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PRECURSOR DESCRIPTION AND DATA 1

. NSIC Accession Number: 171700

Dates Decembe r 17,'1981

Title s Unavailability of Emergency Power System at fan Onof re 1

The fatture sequence wast

1. With the reactor at. 87% and diesel generator No. 2 secured for
preventive maintenance, diesel generator No. I tripped on overspeed
because of low governor oil level. Adequate governor oil level had
not been established following draining oil f rom the governor
during the last preventive maintenance.

Corrective action:
1. 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 fatted system or component:
1. The diesel generators provide power to safety-related loads when -

the unit generator and of fsite power sources are unavailable.
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'
- CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

i
'

NSIC ACCESSION NUMBER: 171700

LER NO.: 81-029

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
I
'

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 METil0D: During testing

COMMENT:

f
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PRECURS0lt DESCRIPTION AND DATA

NSIC Accession Numbers 171733

Date: January 8, 1982

Title: Unavailability of Three Auxiliary Feedwater Pumps at Zion 2

~ The failure sequence west

1. With the reactor at 90% power and 2A turbine-driven AFW pump out of
service for maintenance, water leaks f rom two hydrogen coolers in
the unit generator resulted in a generator trip and subsequent
reactor trip.

2. Motor-driven auxiliary feedwater pumps 28 and 2C failed to start
and run on steam generator low-low level due to improperly sensed
pump suction pressure. (It was determined that, issediately after
start, reverse flow existed 14 the pressure switch sensing line,
resulting in a momentary low suction pressure indication when

' adequate pressure actually existed.)
3. Both pumps were manually started.

Corrective action:

A time delay relay which somentarily bypasses the low suction pres-
sure trip on pump start was added to the pump starting circuitry.

Desian purpose of fatted system or component:
1. The auxiliary feedwater system provides water for RCS cooling via

the steam generators when the main feedwater system is unavailable.
2. -An alternate safety-related source of water is service water

supplied to suction of auxiliary feedwater pumps at 100 psig.
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B-239
,

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: Auxiliary 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
pressse on starting

SEQUENCE OF INTEREST loss of feedwater

ACTUAL OCCURRENCE: Unavailability of three AfW pumps following trip

REACTOR NAME: Zion 2

DOCKET NUMBER: 50-304

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 1040 We

REACTOR AGE: 8.0 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Sargent & Lundy

OPERATORS: Commonwealth Edison

LOCATION: 40 miles north of Chicago, Illinois

DURATION: 360 h (estimated)

PLANT OPERATING CONDITION: Cooldown

TYPE OF FAILURE: Failed to start

DISCOVERY METHOD Operational event

COMMENT:
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Numbert 171842

Dates Decembe r 18, 1981

Tittet Failure of Emergency Diesel Generators at Dresden 3

The failure sequence wast

1. Dn 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
water 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 hovember -- 19, 1981, the unit 3 DG 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 of f site power
were att11 available.

Corrective actions
1. The defective valves were replaced, the systems were satisf actorily

tested and placed back in service.
2. A procedure revision was to be initiated to inspect these valves

annui11y.

Design purpose of failed system or component

The diesel generator system provides emergency power to safety-
related loads in the event that of fsite power and the unit generator are
unavailable.

t

L.__



- - -
-

_.

i-

. ' > , ,

i

_

| -

I

i

Reactor at power Both diesel generators for Potential
| Unit 3 declared inoperable Severe

during test due to insuf- Core
ficient cooling caused by Damage
defective diesel cooling
water pump discharge check

| valves
|

|

No - offsite power. Unit 2 DC,
*

j and cross-tie were available'

to
4
ha
s~ -
>*

!

;

t

t

i

NSIC 171842 - Actual Occurrence for Failure of Emergeney Diesel Generators at Dresden 3

..

!

J

l

|
.

,

1
- _ .

i



,-,
| '1 j I < ll|||, j

- _

-

.-
-

--

_

YN,w
-

e
cn
eu. 1 2 3 4 5 6 7 8 9 0 1 2 3 4q 1 1 1 1 1
eo

SN

l
a
i
t e enr g
eeea
t vrm s s s s s s s s s s 3
PSCD mY boeoa e e e e o e e o e e e e

Y Y Y N Y Y N Y Y Y Y n
e
d
s

g e
n r
i D

gnel
nrro t
oeoo a
LTCC

s
r
o,3 ,I ,y gI tee a

st rna eSou . nICpq eC se G
IreMI oR l

e
s
e
i- Di

cr fiu s
t s e o
asnmtmeoea e
orit r r
t pt se u
ueayp l

ADzSo i
a
F
r

I o
Cee f
P st
Hna t
/ou s
Cpq e
I se r
Ce eRRM t

n
I

!I f

d o
e ey lt

bd oa c
diri n
nut t e
aqni u
ti on q
SLCI e

S
l -et
s r d 2eada 4it no 8)DSaL ) 1F F 7( ( 1' 0;'

, ' , '0' - ' ;' Cr Io
t m S
ca N
ar
ec
RS

f e
ot

ir
sse
sf w
ofoOPl



y

|

B-243

^ 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 failure

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: 794 HWe

REACTOR AGE: 10.7 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Sargent & Lundy

OPERATORS: Commonwealth Edison Co.

LOCATION: 7 alles east of Morris, Illinois

DURATION: t s half test interval before October 23 plus time interval
between October 23 and November 19: 1000 h (estimated)

PIANT OPERATING CDNDITION: 66% power

TYPE OF FAILURE: Inadequate performance;
made inoperable

DISCOVERY METHOD: Surveillance 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 Numbers 171939

Date: October 28, 1981

Titlet ' Inadvertent Steam Dump Valve Opening and Safety Injection at
North Anna 2

The failure sequence was t

1. With the reactor at 100% power, a turbine trip and reactor trip oc-
curred as a result of a f ailure 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,,g mode in lieu of
the steam pressure mode of operation. -

3. The operator switched to the steam pressure mode of operation and
shif ted the steam dump controller to auto. All eight steam dumps
opened.

4 The operator immediately shif ted to manual on the controller and to

the T,yEhls action or the low-low T
position on the steam dump selector switch.

5. Either interlock closed the dump
valves but not before safety injectfo$ was initiated.

6. All safety injection equipment operated as required, except the
pressurizer 11guld space inside isolation valve failed to close.

7. The specific cause for the high controller output was not
determined, and an investigation of equipment failure and human
error revealed no discrepancies.

Corrective action:
The event was reviewed for equipment failure 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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B-247 -

CATEG0kl%ATION OF ACCIDENT SEQUENCE PRECURSORS

fNSIC ACCESSION MJMBER: 171939

LER No.: 81-076

DATE OF LER: October 28, 1981

DATE OF EVENT: October 3, 1981

SYSTEM INVOLVED: Steam dump to condenser

COMPONENT INVGLVED: Dump valves

CAUSE: Inadvertent opening

SEQUENCE OF INTEREST: Main steam line break

ACTUAL OCCURRENCE: Eight opened dump valves

REACTOR NAME: North Anna 2

DOCKET NUMBER: 50-339

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 907 MWe (net)

REACTOR AGE: 1.3 years

VENDOR: Westinghouse

ARCHITECT-ENGINEERS: Stone and Webster

OPERATORS: Virginia Electric & Power Co.

LOCATION: 40 miles NW of Richmond, Virginia

DURATION: N/A ~

PLANT OPERATING CONDITION: 2% power following a trip

TYPE OF FAILURE: Inadequate performance

DISCOVERY METHOD: Operational event

COMMENT:
s.

e

9
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B-248

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 172198

Datet January 18, 1982

Titles inadvertent MSIV Closure and inadvertent Safety Valve Lif ts at
St. Lucie 1

The failure sequence was

1. At 4:14 a.m. on December 19, 1981, a combination of low instrument
air pressure to the MSIVs and a slightly higher than normal steam
flow resulted in the inadvertent closure of both MSIVs.

2. The reactor pressure increased to 2410 psig (normal lif t pressure
is 2500 psig), causing a reactor trip on high pressurizer pressure
and opening the PGRVs. Pressurizer code safety valve V1200
apparently also opened, but this was not realized at the time.

3. The quench tank rupture disk ruptured because of the relief valve
discharge.

4. Pressurizer safety valve V1200 disk and seat were probably damaged
during the lif t due to the improper installation of an adjusting
ring set sc rew, but this was not known at the time.

5. The reactor was restarted and held below the power range during
repair of the rupture disk and MSIV trouble shooting.

6. At 1:45 p.m. with the RCS at normal operating pressure, valve V1200
again spuriously opened and was verified open by acoustic flow
monitor indication. A high blowdown (34% in lieu of the specified
4%) occurred due to a maladjusted nozzle ring.

7. RCS pressure decreased to 1670 psig and the reactor tripped on
thermal margin / low pressure. A reactor cooldown was begun to
replace V1200.

8. On December 23, 1981, af ter replacement of valve V1200, a
turbine / reactor trip occurred during startup. The reactor was
again started up and power operation was commencing when the "B"
steam generator pressure relief valves started lif ting. It wts
suspected that the "B" MSIV was closed even though it indicated
open.

9. A shutdown and cooldown was initiated. The "B" MSlV was found to
have one bent and one broken actuator connecting pin. The " A" MSIV
was found to have two slightly bent connecting pins.

Corrective action:

Pressurizer safety valve V1200 was replaced. The MSIVs were
repaired.

Design purpose cf failed system or component :
1. The code safety valves provide relief protection to prevent vessel /

piping ov(rpressure during transient events.
2. The main steam isolation valves provide for steam generator

isolation during steam line break events as well as providing for
containment isolation.
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B-251

CATEGORIZATION OF ACCIDENT. SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 172198
.

LER NO.: 81-056

DATE OF LER: January 18, 1982

DATE OF EVENT: December 19, 1981

SYSTEM INVOLVED: Mair. steam and pressurizer pressure relief

COMPONENT INVOLVED: MSIV, pressurizer code safety

CAUSE: MSIVs (apurious); PSRV (assembly error)

SEQUENCE OF INTEREST: LOFW

ACTUAL OCCURRENCE: LOFW

REACTOR NAME: St. Lucie 1

DOCKET NUMBER: 50-335

REACTOR TYPE: PWR

DESIGN ELECTRICAL RATING: 802 MWe

REACTOR AGE: 5.7 years

VENDOR: Combustion Engineering

ARCHITECT-ENGINEERS: Ebasco

OPERATORS: Florida Power and Light Company

LOCATION: 12 miles SE of 7t. Pierce, Florida

DURATION: N/A

PLANT OPERATING CONDITION: 98%

TYPE OF FAILURE: Inadequate performance '

DISCOVERY METHOD:

COMMENT:

_ _ _ - _ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ - __
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B-252

PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 174073
.

Date: April 23, 1982

Title: Stuck Open Relief Valve at Duane Arnold

The f ailure sequence was :

1. With the reactor at 7% power during a startup, an operator noticed
a higher than normal discharge line temperature f rom a Target Rock
Model 67F-6X10 main steam relief valve, which indicated a small
steam leakage f rom the reactor coolant system (RCS).

2. An operator manually cycled the valve at rated pressure to attempt
a better valve seating.

3. The valve stuck open and remained open for 7.5 min, resulting in
RCS depressurization to <880 psig.

4. The HSIVs closed on low RCS pressure and an automatic reactor __ ram
occurred.

5. The vessel water level fell 7.5 in. below instrument zero level
(150.5 in. above the active fuel).

6. ECCS initiation was not required and ECCS was not employed in the
recovery (water level and pressure were above ECCS actuation set
point.

7. One train (group 3 channel A) of the containment isolation
actuation logic failed to actuate on low vessel water level as
required. A wiring error made during a design change and not
detectable by postinstallation testing or normal surveillance tests
was discovered. One valve in a number of pairs of isolation valves
failed to close. Channel B did actuate and the containment was
isolated.

8. The raactor was placed in cold shutdown until repairs were
completed.

Corrective action:

The valve was replaced. The cause of the closure failure could not
be determined.

Design purpose of failed system or component :

The relief valve provides over pressure protection for the RCS
during a transient event.,,

.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - - - - - __ -- -
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' CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

'

NSIC ACCESSION NUMBER: 174073

LER NO: 80-054/01X-1

DATE OF LER: April 23, 1982

DATE OF EVENT: January ll, 1980

SYSTEM INVOLVED: Over-pressure protection system

COMPONENT INVOLVED: Main steam relief valve

CAUSE: Unknown
'

SEQUENCE OF INTEREST: Small break LOCA

ACTUAL OCCURRENCE: Small break LOCA

REACTOR NAME: Duane Arnold

DOCKET NUMBER: 50-331

REACTOR TYPE: BWR

DESIGN ELECTRICAL RATING: 538 MWe

REACTOR AGE: 5.8 years

VENDOR: General Electric

ARCHITECT-ENGINEERS: Bechtel

OPERATORS: . Iowa Light and Power

LOCATION: 8 miles NW of Cedar Rapids, Iowa

DURATION: 7.5 min

PLANT OPERATING Q)NDITION: 7% full power (starting up)

TYPE OF FAILURE: Failed to close

3- DISCOVERY METHOD: Operational event
4

COMMENT: This event could have occurred at full power. Note:
LER Rev. O for this event was filed as NSIC 161716.

t.
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