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FOREWORD

The Nuclear Safety Information Center (NSIC), which was established
in March 1963 at Oak Ridge National Laboratory, is sponsored by the U.S.
Nuclear Regulatory Commission's Office of Analysis and Evaluation of
Operational Data. Support for the technical progress review Nuclear
Safety (see last page of this report) is provided by both the Breeder
Reactor and Light-Water-Reactor Safety Programs of the Department of
Energy. NSIC is a focal point for the collection, storage, evaluation,
and dissemination of operational safety information to aid those concerned
with the analysis, design, and operation of nuclear facilities. The Cen-
ter prepares reports and bibliographies as listed on the inside covers of
this document. NSIC has developed a system of keywords to index the in-
formation it catalogs. The title, author, installation, abstract, and
keywords for each document reviewed are recorded at the central computing
facility in Oak Ridge.

Computer programs have been developed that enable NSIC to (1) prepare
monthly reports with indexed summaries of Licensee Event Reports, (2) make
retrospective searches of the stored references, and (3) produce topical
indexed bibliographies. In addition, the Center Staff is available for
consultation, and the document literature at NSIC is available for exami-
nation. NSIC reports (i.e., those with the ORNL/NSIC and ORNL/NUREG/NSIC
numbers) may be purchased from the Naticnal Technical Information Service
(see inside front cover). All of the above services are available free
of charge to U.S. Government organizations as well as their direct con-
tractors. Persons interested in any of the services offered by NSIC
should address inquiries to:

J. R. Buchanan, Director
Nuclear Safety Information Center
P. O. Box Y
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

Telephone 615-574-0391
FTS 624-0391

_ _ _ - _ - _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ .
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SU101ARY AND BIBLIOGRAPHY OF SAFETY-RELATED EVENTS AT
BOILING-WATER NUCLEAR POWER PLANTS

AS REPORTED IN 1980

K. E. McCormack
R. B. Gallaher

ABSTRACT

This document presents a bibliography that contains 100-
word abstracts of event reports submitted to the U.S. Nuclear
Regulatory Commission concerning operational events that oc-
curred at boiling-water-reactor nuclear power plants in 1980.
The 1547 abstracts included on microfiche in this bibliography
describe incidents, failures, and design or construction de-
ficiencies that were experienced at the facilities. These
abstracts are arranged alphabetically by reactor name and then
chronologically for each reactor. Full-size keyword and per-
muted-title indexes to facilitate location of individual ab-
stracts are provided following the text. Tables that summa-
rize the information contained in the bibliography are also
provided. The information in the tables includes a listing of
the equipment items involved in the reported events and the
associated number of reports for each item. Similar informa-
tion is given for the various kinds of instrumentation and
systems, causes of failures, deficiencies noted, and the time
of occurrence (i.e., during refueling, operation, testing, or
construction). Some of the more interesting events that oc-
curred during the year are reviewed in detail.

INTRODUCTION

The Nuclear Safety Information Center (NSIC) has collected, reviewed,
and/or published reports of safety-related reactor operational events
since its inception in March 1963. During this same year, the Atomic En-
ergy Commission (AEC) Division of Operational Safety started disseminating
information on unusual reactor operating experiences in memorandum form.
The first collection of this type of reactor operating experiences [ dis-
seminated by the AEC and later by the U.S. Nuclear Regulatory Commission
(NRC)] was published by NSIC1 covering the years 1963, 1964, and 1965,
with subsequent publications appearing every three years.s-s

In 1968, a second series of reports presenting this type of informa-
tion was started with the publication of a journal article on safety-
related events obtained from the NSIC computerized file of events reported
in 1966 by the licensees of nuclear facilities.' These events are now
also known as reportable occurrences or licensee events. This series has
continued with publications appearing each year.5-as However, the number

_ - - - - _ _ _ _ .
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of event reports has increased tremendously each year; in the 1966 compila-
tion,' 76 events were reported for all types of reactors, including re-
search and development reactors. However, for the 1973 events, the compi-
lation had to be restricted to events that occurred at nuclear power
plants only, because the number of events had increased to 1053 (Ref. 12).
For the 1975 events, this series was further restricted to events at boil-

ing-water reactor (BWR) and pressurized-water reactor (PWR) nuclear power
plants. At this point, two publications were required because 1169 events
occurred for the SWRs and 1097 events for the PWRs.se,ss Two publications
have been issued each year since 1975 to report the BWR and PWR events:
the 1980 compilation contains 1547 events for the BWRs (this report) and
2166 for the PWRs.84

Of special note is a report prepared by NSIC for the President's Con-
mission on the Accident at Three Mile Island. This compilation and sun-
mery of the more serious reactor accidents from 1952 to 1979 deals with
power reactors as well as experimental research and production reactors.ss

This report [along with ORNL/NSIC-196 (Ref. 24)] is the 13th in a
series issued annually by the NSIC presenting abstracts of reports of
safety-related events submitted during the year to the NRC by the 11-
censees of light-water reactors in the United States. In particular, the
report contains abstracts of 1547 events reported in 1980. The abstracts
are presented on microfiche, which are filed in an envelope attached to
the back cover of the report.

Statistical data obtained from a review of the event reports are dis-
cussed and summarized in the tables in the following sections. The summa-
rized information includes a listing of equipment items and the number of

reports (events) in which each item was involved. Similar information is
given for instrumentation, safety-related systems, causes of failures,
types of deficiencies, type of personnel involved, and the time of occur-
rence (i.e., construction, refueling, operation, or testing). Selected

events are also reviewed in detail because of their relevance to the safe
operation and performance of nuclear plants.

The reports of safety-related events abstracted in the bibliography
were submitted by power plant licensees to the NRC in accordance with fed-
eral regulations. The reporting requirements for nuclear facility licens-
ees are included in Title 10, Code of Federal Regulations, Parts 20, 40,
50, 70, and 73 (Ref. 26) . The NRC Regulatory Guide 10.1, Revision 3, May
1977 (Ref. 27), presents a compilation of the reporting requirements for
persons subject to NRC regulations. Reporting of operating information is
described in detail in NRC Regulatory Cuide No. 1.16 (Ref. 28). The re-
quirements for reporting design or construction deficiencies in nuclear
f acilities that have been granted construction permits are giv :n in Title
10, Code of Federal Regulations, Part 50, Section 55, Paragraph e (1
through 3) (Ref. 29).

The information for this report was obtained from the NSIC computer
files in the form of 100-word abstracts of the reports submitted by the
reactor licensees. The abstracts, with appropriate keywords used for com-

puter storage and retrieval, were prepared by technical specialists at
NSIC. Input to the computer is a continuing process; therefore, persons
desizing an update of the information on operating experiences at nuclear
power plants may obtain a literature search by contacting the NSIC.

_ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ -
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The NSIC computer also provides a bimonthly printout of those events
1 that resulted in reactor shutdown and their causes; this information is

included in each issue of the bimonthly journal, Nuclear Safety. '

The abstracts in this report are arranged alphabetically by reactor
name and then chronologically for each reactor. In addition to the ab-
stracts describing each event, full-size keyword and permuted-title in-,

! dexes are provided for quick location of the abstracts in which a partica-
lar item is discussed. For example, persons interested in the problems
experienced with diesel generators can find the relevant abstracts listed
under the keyword generator, diesel; or using the permuted-title index,a

they can find the abstracts with the word diesel or the word generator in
the title of the article. In the keyword index, some keywords appearj; twice, once with an asterisk and once without an asterisk. Asterisked

i keywords indicate that the reports (indicated by the accession number and^

page) discuss the keyword item in more detail than the reports listed un-
der a nonasterisked keyword. The asterisk is also used to indicate that
the keyword item actually failed, whereas a keyword ites without an aster-
isk indicates that the keyword item was involved in an event but did not

; necessarily fail.
; Before reviewing the bibliography, it may be helpful to review

" Method of Indexing Licensee Event Reports" (p.153), which shows a typi-
cal abstract with its component parts identified. Note that the list ofi

keywords gives a quick indication of the content of the abstract. The
; availability of the original material is indicated (i.e., the NRC Public

Document Room, 1717 H Street, Washington, DC 20555).
'
i

SUMMARY OF SAFETY-RELATED EVENT DATA
:
!

The 1547 abstracts in the bibliography were reviewed, and cabulations
j were made of significant items to indicate the total number of reports

concerned with those items. These tabulations indicate items that should
receive more attention by reactor operators, designers, or other inter-
ested parties.

Table 1 lists the number of reports concerned with the various sys-
tems. As in 1976, 1977, and 1978, the system most frequently reported on

#

was the main cooling system. Major or safety-related systems were re-
ported on more often than the less important systems; however, this occur-
rence only reflects the attention given to these major systems by the

1 utilities in the form of survelliance testing as well as the emphasis that
the NRC has placed on these systems in its reporting requirements. The

} total number of reports shown in Table 1 exceeds the total number of 1980
i reports submitted by the licensees because, in some reports, more than one

system may have been invelved in the event. (Systems involved in (1% of
the total number of reports are not listed.)

Table 2 lists the number of reports concerned with various items of,

equipment. This year, as in previous years, valves, piping, and pumps
were the equipment items for which the most licensee event reports (LERs)

1

were submitted. These three items alone were involved in 45% of the
events reported. The total number of reports shown in this table exceeds:

j the total number of 1980 reports submitted by the licensees because, in
some reports, more than one item of equipment may have been involved in,

i

i
I
i

!

., _ _ _ _.--____. _ _ ,. _ _ _ _ _ _ _ _ - - - .__.___ _ ___ ___ _ ____-_..-- .__ . ~ _ _ _ . . _ , _ _ - . . . . -
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Table 1. Reports comoerned with listed systems

an er of Perosat of
System reports total

Mais cooling 146 9

Steam 133 8

Electrio power 127 8

Eigh-pressure coolmat injection 125 8

Resotor protootion 111 7
Shat-down oooling 105 7

Containment isolstica 101 6

Containment 96 6
Resotor oore isolation coollag 96 6

| Radiation monitoring 63 4

Fire protection 59 4

haergency electrio power 59 4

Servloe water 56 4

Core spray 53 4
Low pressure coolant lajestion 42 3

Ventilation 40 3

Engineered safety features 39 3

Coolant purification 28 2

Standby gas treatment 22 1

Feedvater 16 1

Pneumatic 16 1

Table 2. Reports concorned with listed equipment

"" ** * ****** *
System reports total

Valves 398 26

Pumps 160 10

Pipes and fittings 135 9

Valve operators 128 8

Torus 89 6

Seals 78 5

Cables and commentors 73 5

Pressure vessels 72 5

Thrbine s 71 5

Breakers 61 4

Internal combasttom engines 60 4

Control rod drives 56 4

Diesel generators 54 3

Control rode 46 3

Fasteners 38 2

Storage container 37 2

Shook absorbers 35 2

Notors 34 2

Solenoids 31 2

Buildings 28 2

containment vaessa breakers 25 1

Check valves 24 1

Best exchsagers 23 1

Filters 17 1

_______________
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the event. (Equipment items involved in (1% of the total number of re-
ports are not listed).

Table 3 is a list of various kinds of instrumentation that presented
problems during the year and the number of reports concerned with each
item. Since 1971 when similar tables were first prepared, switches, ac-
counting for more malfunctions than any other instrument, have been at the
top of the list. Apparently, the reason for this is the large number of
switches in safety-related systems as well as their delicacy and sensi-
tivity. Various monitors and sensors account for most of the remaining
reports concerned with instrumentation problems. (Items involved in (1%
of the events were not listed.)

Table 3. Reports concerned with the
listed instrumentation

Number of Percent ofInstrumentation
reports total

Switch 272 18
Pressure sensors 134 9
Level sensors 90 6
Radiation monitors 63 4
Relays 63 4
Position instrument 40 3
Flow sensors 36 2
Electronic function units 33 2
Recorders 31 2
Temperature sensors 29 2
Alarms 20 1

Table 4 lists the identified causes of the safety-related events re-
ported and the number of reports concerned with each cause. Fifty-eight
percent of the events involved were inherent failures; these failures were
caused by a natural means or essential character of the equipment item
(e.g., unexplained set point drift of an instrument, spurious trips,
aging, and wear). A few of these ,haracteristics are given in Table 5,
which lists deficiencies and the associated number of reports submitted.
Set point drift and leakage were the most frequently reported items, fol-
lowed by procedural deficiencies. Procedural deficiencies most frequently
involved inadequate procedures, but failure of operators to follow proce-
dures is also included. Deficiency in communication covers those events
insolving a misunderstanding between personnel; it also includes misinter-
pretation of procedures or technical specifications.

Many reports noted a deficiency but did not give the cause. For 0

example, many reports discussed leaks and their repair, but did not dis-
cuss causes of the leaks. The deficiency listed as " Testing" in Table 5

_
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Table 4. Rossrts concerned with the listed
cause of safety-related events

|

Number of Percent of
Cause

reports total

J

1

Inherent failure 901 58
Operator error 107 7
Design error 106 7

Maintenance error 92 6

Administrative control error 90 6

Installation error 66 4

Construction error 51 3

Fabrication error 21 1

Table 5. Reports concerned with
the listed deficiency

"" '' '#**"
Deficiency

reports total

Set point drift 236 15

Leak 140 9

Procedures 99 6

Test interval 64 4

Crud 61 4
Testing 55 4

Abnormal instrument indication 54 3

Instrument calibration 52 3

Wear 45 3

Crack 43 3-
Lubrication 30 2

Age effect 29 2

Welds 27 2

Corrosion 24 2

Vibration 18 1

Stress corrosion 9 (1
Erosion 9 (1
Obstruction 7 (1

,

Airborne release 1 (1

generally denotes that a failure or other event occurred because of test-
ing (e.g., the wrong switch operated during a test resulted in a failure
or reactor trip). "Te s t interval" indicates the failure of personnel to

perform a test within the required time interval between surveillance
testing; it does not indicate an equipment f ailure.'

:

I

- . , . ~_ _ - , . - . . -. - - _ _ - _ _ _ _ . _ _ _ _ _
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1able 6 lists the various time periods in which the off normal events
took place and the associated number of reports. The 611 events that were
discovered (or occurring) during testing could be remedied with little or
do effect on Operation, and most of these did occur during operation. The
number listed for " operation" was determined by subtracting the verified
numbers for testirl, refueling, and construction.

Table 7 lists the typer of personnel involved in the events and the
number of reports that identified the type of personnel. Many reports did
not make this identification. '

Table 8 lists alphabetically the nuclear reactor units from which re-
ports were received and the associated number of reports per unit. Only
those units that were in commercial operation all year are listed. The

4 total number of units listed is 25. For those 25 units that were in com-
mercial op< ration all year, there are 1541 reports - an average of 62 re-
ports per , nit. The total number of reports listed in Table 8 is 1541,
whereas the bibliography contains abstracts of 1547 reports. The reason
for this discrepancy is that Hustoldt Bay is not included in the table as
an operating reactor.

Table 6. Reports for the listed time

of occurrence of off-normal events

Time of Number of Percent of
occurrence reports total

t

Testing 744 48
Operation 569 37
Refueling 233 15
Construction 1 (1

Table 7. Reports received vs types
of personnel involved in events

.

um er ercent of -Personnel
| reports total

; Licensed operators 107 7
; Designers 106 7

Maintenance 95 6
Construction 51 3

; Fabricators 21 1
i Nonlicensed operators 20 1

Contractors 12 (1
Radiation protection 8 (1

,

- -. .y-. _ . ._ _ _ y .- _ - . . ,- - _ . ,
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Table 8. Reports involving the alphabetically listed unit
in commercial operation all year

Design
Number of Percent of Age electrical

""' reports total (years) rating

[ net NW(e)]

Arnold 73 5 6.8 538
Big Rock Point 45 3 18.3 72
Browns Ferry 1 90 6 7.4 1065
Browns Ferry 2 57 4 6.5 1065
Browns Ferry 3 61 4 4.5 1065

Brunswick 1 104 7 4.3 821

Brunswick 2 115 7 5.9 821

Cooper 53 3 6.8 778
Dresden 2 46 3 10.9 809

Dresden 3 44 3 9.6 809

FitzPatrick 103 7 6.1 821 -

Hatch 1 131 8 6.3 786
Batch 2 171 11 2.0 784

i Lacrosse 17 1 12.9 50

Millstone 1 21 1 10.3 650

Monticello 31 2 10.0 545

Nine Mile Point 1 27 2 11.4 610
Oyster Creek 66 4 11.5 650

,

Peach Botton 2 36 2 7.1 1065'

Peach Botton 3 33 2 6.5 1065
Pilgrim 1 96 6 8.7 655

Quad Cities 1 36 2 8.9 789
;

Quad Cities 2 37 2 8.8 789
Vermont Yankee 45 3 8.5 514

Tables 9 and 10 list the number of reports for the units that were
commercially operable all year. Table 9 tabulates them by age, and

c

|
Table 10 uses power - DER in megawatts (electrical). These tables were
prepared to determine if age or power level was a factor in the number of'

reportable events occurring at a nuclear unit. Figures 1 and 2 are plots
of the number of reports vs age and plant size, respectively.

;

! Figure 1 indicates both visually and with a least-squares fit that
some correlation exists between the number of reports and the age of the

plant (i.e., as the plants get older fewer LERs are submitted). Figure 2
indicates both visually and with a least-squares fit that very little
correlation exists between size and number of reports submitted. What
correlation exists may be due to a correlation between size and age rather
than size and number of reports. A final review of the bibliography shows
that 31 of the 1547 reports indicated that a reactor shutdown occurred or
was required because of equipment failure or malfunction. See Table 11
for a synopsis of these shutdowns.*

* References for Table 11 are numbers 30-36.

. __
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Table 9 Reports for listed salts that were

commercially operable all year (by gae
since first electrics! generation)

Age" Number of Percent of''' (years) reports total
-

Dresden 1 20.9 3 (1
Big Rock Point 18.3 45 3
Lacrosse 12.9 17 1
oyster Creek 11.5 66 4
Nine Nile Point 1 11.4 27 2
Dresden 2 10.9 46 3
Millstone 1 10.3 21 1
Monticello 10.0 31 2
Dresden 3 9.6 44 3
Quad Cities 1 8.9 36 2
Quad Cities 2 8.8 37 2
Pilgrim 1 8.7 96 6
Vermont Tankee 8.5 45 3
Browns Ferry 1 7.4 90 6
Peach Botton 2 7.1 36 2
Arnold 6.8 73 $
Cooper 6.8 53 3
Bacons Ferry 2 6.5 57 4
Pesch Bottom 3 6.5 33 2
Batch 1 6.3 131 8
Fit: Patrick 6.1 103 7
Jeanswick 2 5.9 115 7
Browns Ferry 3 4.5 61 4
Brunswick 1 4.3 104 7
Batch 2 2.0 171 11

#
Average age - 9.13 median age - 8.6.

Table 10. Reports for listed salts that

were commercia!!y operable a!! y" ear(by design electrical rating)

#
DER Number of Percent of***

[not NW(e)] reports total

Brovas Ferry 1 1065 90 6
Browns Ferry 2 1065 57 4
Browns Ferry 3 1065 61 4
Pesch Botton 2 1065 36 2
Peach Bottom 3 1065 33 2
Brunswick 1 821 104 7
Brunswick 2 821 115 7
Fit: Patrick 821 103 3
Dresden 2 609 46 2
Dresden 3 809 44 3
Ouad Cities 1 789 36 2
Quad Cities 2 789 37 2
Ratch 1 786 131 8
Batch 2 784 171 11
Cooper 778 53 3
Pilgrim 1 655 96 6
Millstone 1 650 21 1
Oyster Creek 650 66 4
Nine Nils Point 1 610 27 2
Nontice!!o $45 31 2
Arnold 538 73 5
Vermont Yankee 514 45 3
Dresden 1 200 3 (1
Big Rock Point 72 45 3
Lacrosse 50 17 1

" Average DER - 713; median DER - 785.
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Table 11. Events which resulted in reactor shutdown
.

Report / event Event Casse component / system Facility / docket

052780 Reactor roeircalattoa Unknown Motors Duane Arnold043080 pump motor shorts Coolant recirculation 50-331
system and controls

062680 Recirculettoa pamp Unknown Motors Duane Arnold052880 motor oil level is low Coolant re.irculation 50-331
system and controls,

112480 Costelament isolstloa Wiring error destas Electrical conductors Duane Arnold111080 valves fall to close design change Containment isolation 50-331
system and controla

031080 Update report on com- 0-ries seal fabrication control red drive Big Rock Point103178 tral roJ drive tem- deficiency mechanism 50-135
) perstare Reactivity control

system

052280 Recirculation pamp low Loss of insalation Electrical conductors Browns Ferry 1041480 oil levet stara shorts Coolant recirculation 50-259
,

system and controls

071880 Control valve fast- Maintenance error Instramentation and Browns Ferry 1061480 closare pressure
controls 50-259switch miswired Reactor trip system

010480 Dryiell to suppression Leaking egalpment Penetrations, primary Brovas Ferry 3120879 chamber dif ferential batch containment 50-196pressure out of limits Reactor containment
system

3

101780 Reactor scrams when Nisaligament of breaker Circuit closers / Brovas Ferry 3092080 breaker fails to close secondary interrupters 50-296
AC on-site power system
and controls1

121380 RCIC steam isolation Meistenance error Valves Brunswick 2120280 valve leaks RCIC and controlo 50-324
081880 Turbine computer system Voltage transients due lastramentation and Coo-er080480 spartoasly scrans to !!ae fealt controls 50-198

s

reactor Off-site power system
and controls

112580 Reactor cooldova rate Steam bypass valves Instrumentation and Cooper111580 exceeded stay open efter scram controls 50-298
|

Tarbine bypass system
and controls

022880 Jet pamp fails Not yet determined Pamps Dresden 3j 020280 Coolset recirculation 50-249
system and controls

050880 Automatic depress Valve operator failures Valves Dresden 3042580 valves fall to open ECCS and controls 50-249
051980 Spurious BPCI Not yet determined Component code not Hatch 1051380 initiation occurs applicable 50-231

ECCS and controls
020580 RPCI fotad inoperable Booster pamp discharge Pipes, fitting Batch 1012180 pressure itse leak RCIC and controls 50-321
06080 Operation withis a Defective procedures Valves Hatch 1032480 slagte fattare cri- ECCS and controls 50-321teria region dis-

sovered

071080 EPCI fails to actuate Isolation signal due to Circuit closers / Ratch 1
4

! 062480 poor turbine-speed laterrupters 50-321
control ECCS and controls

i

, - --. -- - -
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Table 11 (contissed)

Report / event Event Cause Compc.est/ system Fecility/ docket

030780 Vacuam breaker failures Broken air lines and Valves Hatch 2

072080 force shutdown faatty air control Beactor containment 50-366

valves syntes

081380 Core spray pumps High drywell pressere Instrumentation and oyster Creek

011180 actaate sensor setpoint drift controls 50-219
ECCS and controls

012480 ADS safety-relief valve Design error Valves Peach Botton 2

011080 air supply check valve ECCS sad controls 50-177

leak

090580 1ECI injection valve Cracks in drive sleeve Valve operators Peach Bottom 3

080680 fatted to open of valve operator ECCS and controls 50-278

082880 Reactor water condac- Demiseraliser lateral Dominera11:ers Pilgrim 1

080180 tivity exceeds limit backs out Reactor coolant cleanup 50-293
system and ccatrols

102080 Reactor vessel relief High altrogen pressare Valve operators Pilgrim 1

100780 valve opeas spurioasty opened relief valve ECCS sad controls 50-293

111480 Reactor vessel relief Failed altrogen valve Valvet Pilgrim 1

103180 valve opens spericosly fee pressure to valve ECCS and controls 50-293

112880 Reactor vessel drain Famity weld Pipes, fittings Pilgrim 1

111380 line leaks Reactor coolant cleanup 50-293
system and controls

120580 Recirculatloa pump dis- Valve packlag leak Valves Pilgrim 1

110680 charge valve leak Coolant recirculation 50-293
system and controls

092480 Electromatic relief Steam cutting off pilot Valves Quad Cities 1
083180 valve falls to close valve Main steam system and 50-254

controls

052780 Reactor coolant condac- Not determined Dominera11:ers Quad Cities 1
042880 tivity exceeds limit Reactor coolant cleanup 50-265

system and controls

062580 Feedvater leak bypasses Design error other components Vermont Yankee

061180 detection system Reactor coolant press 50-271
bound leak

Detection system

REVIEW OF SELECIED SAFETY-RELATED EVENTS
r

A review of the reported events indicated that most of them were
routine and inconsequential; however, a few were significant or unique.
Three of those events are reviewed in detail in this report. The events
reviewed were selected on the basis of their potential interest and/or
applicability to safe operation ar.d improved performance of nuclear power
plants.

Partial Failure of Browns Ferry Scram System

On June 28, 1980, a partial failure of the scram system occurred at
Browns Ferry 3 while the reactor was being shut down from 35% power to

-- -_-
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allow repairs to the feedwater system. The malfunction had apparently
been the result of water accumulating in the scram discharge volume (SDV)
east header and blocking rods from fully inserting. Seventy-six out of
185 control rods failed to insert fully. The partially scrammed rods
brought the reactor power level in the east side of the core to 2% after

j the first scram attempt. The west side of the core was subcritical. A
i second manual scram was initiated 6 min after the first. In all, four
'

scram attempts over a period of 14 min were required to completely insert
the control rods on the east side.

The unit remained shut down until July 13, 1980, while a series of
tests were performed to determine the cause of the water accumulation in

; the SDV. Ultrasonic probes were installed on the SDVs to continuously
( monitor the water level.
! No radioactivity was released to the environment during this event

and no fuel damage was indicated; however, this type of occurrence could
result in failure of additional control rods to insert fully in part or in<

all of the core on any given manual or automatic scram signal and thus has
the potential to cause significant fuel damage. Core-coolant flow, tem-
perature, and pressure remained normal for existing plant conditions.

Cause or causes

The problem has been determined to be hydraulic rather than elec-

f| trical or mechanical. The control rod drives (CRDs), which insert and
withdraw the attached control rods in a General Electic (GE) BWR are es-
sentia11y water-driven hydraulic pistons. On a scram, a relatively high

I water pressure is applied to the bottom side of the piston by opening a
scram inlet valve; a scram outlet valve opens to relieve water and pres-
sure above the piston, and the rods are rapidly driven up into the reactor
core. Water discharged from the 185 individual CRDs during scram inser-
tion is collected in two separate headers, each consisting of a series of
interconnected 6-in.-dian pipes (four on each side of the reactor) called
the SDV. During normal operation, both SDVs are designed to remain empty

i by being continuously drained to a separate scram discharge instrument
i volume tank (SDIV). The SDVs are therefore normally ready to receive the

scram discharge water when a scram occurs. This instrumented tank isi

i monitored for water level and initiates an automatic scram on high level,
! in anticipation of a scram being prevented by too much water in the SDV.
| The CRDs at Browns Ferry 3 are grouped so that the east and west sides of
{ the reactor core are connected to separate SDVs. Later tests, inspec-'

tions, and analyses indicated that the east SDV was substantially full of
water at the time of the event, leaving insufficient room for the dis-

aharge water. Accordingly, on scram actuation, the CRDs rapidly drove the
control rods partially into the core, but rod motion prematurely ceased
when pressure quickly equalized on each side of the pistons.

Following each scram actuation, the scram signal was reset by the
operator's allowing some water to drain from the SDV, thus permitting the
rods to insert further with each scram attempt. Sufficient water was fi-
nally drained from the SDV to allow the rods to insert fully on the fourth
scram signal. The east SDV water-accumulation problem is believed to
result from improper drainage into the SDIV from the SDV because of
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(1) inadequate SDV venting, (2) an obstruction in the line between the SDV
'

and SDIV, or (3) a combination of these problems.
The Office of Analysis and Evaluation of Operational Data (NRC) has

since evaluated the procedure and equipment at Browns Ferry 1, 2, and 3 to
determine their adequacy in providing assurance that the SDV will not fill

rater and interfere with a successful scram. Some of the principal
AEOD findings, recommendations, and conclusions regarding the procedures
.

and equipment are presented in the following section.

Findinas of AEOD report

The Browns Ferry 3 scram instrument volume (SIV) high-level-scram
function did not and cannot provide protection against the undetected ac-
cumulation of water in the east SDV header with attendant loss of the east
bank scram capability even during unobstructed venting and draining con-
ditions.

A single blockage in the venting system or drain line of the west
header SDV can result in an undetected accumulation of water in both the
east and west headers, which could disable the scram capability of all
control rods.

With the current SDV-SIV design, a blockage in the SDV drain or vent
path can cause a partial loss of scram capability and can disable the pro-
tection system that was installed to ensure detection and corrective ac-
tion.

The Browns Ferry 3 partial scram failure, together with recent events
at other BWRs, shows that float-type instruments for monitoring water
level have a significant degree of unreliability.

The Browns Ferry 3 emergency operating instructions did not include a
procedure or guidance for the operator to follow in the event of a partial
or complete scram failure.

AEOD recommendations

The SIV high-level-scram function should be independent of the SDV
vent and drain systems. An acceptable configuration would be placement of
the SIV tank directly under the low end of the 6-in. SDV header and con-
nection of the top of the SIV tank to the bottom of the SDV header by a

r

short, vertical 6-in. pipe rather than the long 2-in. horizontal pipe.I

This arrangement should ensure water spillage from the SDV directly into
!

the tank containing level-monitoring instruments. Futhermore, it would
not depend on venting or draining phenomena that are sensitive to block-

All plants should also provide one SIV tank for each SDV header.ages.
Separate instrument volumes, in immediate proximity to their respective
headers, should ensure proper water spillage into the SIVs and should
provide adequate redundancy for protection against a total loss of scram
capability.

Diversity should be added to SIV water-level monitoring instruments
for the SIV high-level-scram function. Monitoring techniques such as dif-

|
ferential pressure cells, ultrasonic detection, or conductivity may be
considered along with others for this purpose.!

t

_ _ _ _ .. _ _ _ _ _ . _ .
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Emergency operating procedures and operator training covering both
partial and complete scram failure should be provided.

!

AEOD conclusions
|

The AEOD analysis of the SDV-SIV design, together with its vent and
drain characteristics, leads AEOD to conclude that several actual and pos-

i tulated mechsnisms exist that can cause the SDV to fill with water unde-
tected and without protection against such filling. The analyses also

, show that certain scram events can result in an unisolated reactor coolant
blowdown outside the primary containment following a single isolation-
valve failure in the SDV-SIV systems.

In view of these design deficiencies, AEOD believes that modifica-
| tions must be made to the SDV-SIV arrangement and isolation features.

Specific recommendations for changes in the SDV-SIV design are provided
in its report. The AEOD believer that the changes are necessary to ade-
quatc{yreduce the risks associated with unreliability of the BWR scram
system caused by the undetected accumulation of water in the SDV.

Failure of HPCI to Inject

This event occurred at E. I. Hatch 1 on June 26, 1980, and involved
a failure of the high pressure coolant injection (HPCI) system to inject.
Following a turbine trip, the reactor scrammed from a main turbine stop-
valve fast closure. The HPCI system received an automatic initiation
signal on low reactor water level, but failed to inject into the reactor
pressure vessel (RPV) because the HPCI steam line isolated from a high-
differential pressure signal. This represented failure of a system to
complete its required protection function, as required by the Technical

i
Specifications.

The isolation was reset, but when the inboard isolation valve was

opened, another steam line high-differential-pressure isolation signal wast

received. The isolation was again reset, and the isolation valves were
opened. The HPCI then automatically started, injected into the RPV, and
was used to control water level. The automatic depressurization system

i (ADS), core spray, and low pressure coolant injection (LPCI) systems were
operable. The reactor core isolation cooling (RCIC) system, however, was
inoperable.

The determination was made that the isolation, due to steam line high
differential pressure, was caused by poor turbine speed control resulting
from the turbine control system's being out of dynamic calibration. Sys-
tem ca.'ibration had been affected over a period of time by the replacement
of contral system components that had been statically calibrated.

Follocing extensive testing, including manual starts and quick starts
of the HPCI sytten and recalibration of the HPCI turbine control systems,

i the HPCI system demonstrated satisfactory performance during hot quick
4

starts. Calibration, surveillance, and operability procedures are being
revised to include quick-start tests for the HPCI and RCIC systems. Per-
formance testing procedures to monitor these two systems are also being
developed to assure satisfactory systen dynamic response.

- . .. --- _ _ - - . . - ,. . . ,
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Condenser Leakane

Peach Bottom 2 was shut down on March 21, 1980, for a planned major
outage. Earlier, on March 6, conductivity in the "Al" section of the con-
denser had indicated leakage. Conductivity returned to normal, and con-
denser vacuum was maintained after water box Al was vented and valved out
on March 14.

After the plant was shut down, the condenser vacuum was broken, and
atmospheric conditions were established in the condenser steam space.
Condenser hot-well level increased as a result of leakage from the conden-
sate storage tank through a leaking makeup valve. Water level in the hot
well remained above the leaking condenser tube from March 31 through April
7, when the hot well was drained per normal plant-outage procedures.

Again on April 21, however, hot-well level increased for a short time
above the leaking tube, due to condensate system leakage through the con-
denser makeup valve. The water in the condenser at this time 'aay have
contained radioactivity levels similar to those contained in the water
from the reactor head cavity, because the head cavity had jur.t recently
been drained. During the periods that leakage occurred fror. the hot well
to the circulating water system, however, at least one circulating water
pump was operating. The radioactive water leak was thus diluted by at
least 250,000 gpm.

Following the event, tube sheets in the Al water box were surveyed.
Areas indicating hi h contamination levels were leak tested, and the oneF
leaking tube was then measured at various differential pressures. Analy-
sis of these data combined with the hot-well level indicated thrt the
total release of coolant inventory between March 31 and April 7 was 11,088
gal. During the release on April 21, 244 gal was released. The radia-
tion released throughout the period totals 0.01 curie; a dose calculation
based on the isotopes involved indicates a minimal exposure well below,

radiation dose limits.
The event was caused by a failure to recognize a series of circum-

stances that would allow release of water from the hat well to the circu-
lating water system during an outage. Instructions have been issued to
shift personnel to limit hot-well level below the condenser tubes at all
times during operation and shutdown, and c_rresponding procedural changes
are being made.

Jet Pump Assemb1v Failure

On February 2, 1980, while Dresden 3 was operating at about 67% power
in a coastdown to a refueling outage, changes observed in plant parameters
indicated that jet pump failure had occurred. An orderly plant shutdown
was begun to bring the unit to cold shutdown within 24 h, per plant Tech-
nical Specifications.

The following changes in plant parameters were readily observed by
the control room operator:

1. Generator electrical output decreased from 539 to 511 MW(e).
2. Core thermal power decreased by 15% as indicated by decreased average

power-range monitor readings and steam flows to the turbine.



. . . - . _ .- - . . . -

17
,

3. Indicated total core flow increased from 97.6 x 105 to 104.7 x 108 lb/h.
4. Core plate differential pressure decreased from 16.1 to 13.8 psid.
5. "B" recirculation loop flow increased from 49 x 108 to 54 x 108 spa,

while A recirculation loop flow remained at 49 x 108 spa.

j Individual jet pump readings and jet pump operability surveillance
indicated that jet pump 13 on the B recirculation loop had apparently dis-
assembled.

During cold shutdown following vessel head removal and refueling,I

remote television and visual inspections of the jet pumps and vessel an->

nulus were performed. These showed that the hold-down beam assembly of
jet pump 13 had broken across its ligament sections at the mean diameter

of the bolt thread areas. This beam assembly failure resulted in pump de-
coupling of the diffuser connection. Subsequent in-situ ultrasonic ex-

i amination of the other jet pump hold-down beams revealed indications of
cracking at the same location in six beams, with estimates of crack depth
ranging from 6 to 20 mils.

In situ ultrasonic examination was also done on all jet pump hold-
down beam assemblies at Quad Cities 2 on March 15 and 16, 1980, while the'

unit was shut down for refueling. Of the 20 assemblies examined, a crack
was indicated on one beam. The crack was estimated to be in excess of 100

' mils and in the same location as found on the beams at Dresden. At Pil-
grim 1 on March 28, 1980, ultrasonic examination showed crack indications

,

in three hold-down beam assemblies.
The damaged beam assemblies were replaced during the refueling outage

at the units mentioned previously, and Dresden 3 was restarted on May 3,
j 1980. General Electric (the nuclear steam system supplier contractor)
! performed a metallurgical analysis and determined that intergranular

stress corrosion cracking under sustained loading was the cause of the
failure. They also reported this potential problem to other licensees
with operating BWR units with jet pumps.

On April 4, 1980, the NRC issued Inspection and Enforcement (IE)
Bulletin No. 80-07, "BWR Jet Pump Assembly Failure." The bulletin ad-
dressed the concern that the hold-down beam assemblies and subsequent jet

| pump function may degrade significantly during operation. This potential
problem could lead to jet pump disassembly and possible reduction of the
safety margin during postulated accidents.

Bulletin 80-07 also listed several actions to be taken by licensees
of GE-designed BWR-3 and BWR-4 plants with operating licenses. Prior to

' restart, licensees with plants in a refueling outage when the bulletin was
received were to (1) visually inspect (assisted by television cameras) jet
pump structures, hold-down beam assembly, hold downs, wedge, and re-
strainer assembly for evidence of distress that could indicate loss of

I beam assembly preload; (2) conduct ultrasonic examinations of the jet pump
hold-down beams at the midlength ligament areas bounding the beam bolt;.

and (3) notify the sppropriate NRC regional office of completion of (1)
and (2) and submit a 14-d report. Licensees with plants that were operat-
ing or resuming operation were requested to provide, wi'* ?O d of the
receipt of the bulletin, written justification of continnen operation un-
til inspections (1) and (2) were made and any defects corrected. Proco-

''
dures for instructing plant operators on identification and response to

! sudden je t pump f ailure were to be reviewed and revised as required. The

._ . . _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ .. _ _ _ _ _ _ _ _ __ ___ _ _ _ _ _ _ _ _ _ _ _
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NRC is currently considering appropriate long-term measures to better as-
j sure reliable jet pump operability.3 7,*

Scram Discharae Volume Fails to Drain at Dresden 3
i

! Following a manual scram at Dresden 3 on July 19, 1980, to gather
data requested by IE Bulletin 80-17, an ultrasonic test of the west SDV.

i revealed that the 4-in. pipe was 80% full after all level alarms cleared
on the instrumented scram volume. The ultrasonic test of the east SDV
revealed that they were, in fact, drained. Fifty-six minutes after the
manual opening of the vent and drain valves, a ball check valve (installed
as a vacuum breaker) was manually opened with some difficulty. Air inrush

I into the SDV through the valve was heard, and the ultrasonic test indi-
cated that the SDV began draining at a faster rate. One hour and thirty-
eight minutes after the vent and drain valves were opened, the west SDV
4-in, headers were drained.

The ball check valves on both the west and east SDV vent lines were
j removed, cleaned, and reinstalled. Also, an alternate, continuous, vent

line path to the reactor building atmosphere was establishad on both units'

; 2 and 3 on the vent piping between the SDV vent valves and drain for the
reactor building equipment. To establish this positive vent path, the
existing 1-in.-diam vent line was cut, opening the line to the reactor
building atmosphere in the torus area. An extension was added to the cut
vent line to extend it below the torus catwalk. The alternate vent path

,

is open at all times and does not depend on any component operabilityi

j other than the installed SDV vent valve.

|
On July 20, 1980, an automatic scram of Dresden 3 was initiated to

complete the actions required by IE Bulletin 80-17. After the scan was
reset and the vent and drain valves were manually opened, the east SDV
4-in. headers drained in 16 min and 36 s, and the west SDV 4-in. headers

drained in 40 min and 36 s.
. To ensure that the SDV remains drained and that sufficient volume is
I available to accommodate a scram, installation of a system to continuously

monitor water level during operation is being investigated as required by
IE Bulletin 80-17 Supplement 1.

!

SUl01ARY

| For 1980, 1547 event reports were submitted by licensees. Thirty-
I eight units were considered in this report: 25 were in commerical op-
i eration all year and submitted an average of 48 reports per unit; 1 unit
! in power ascension part of the year submitted 135 reports; 12 units under

construction during the year submitted 21 reports. The system involved in
[

*This report was taken primarily with modifications from Ref. 34
"

(pp. 226 through 229) with the figures from Ref. 37. For additional
information see Refs. 37 through 39.

,

|
|

-- . - . - - - -_- _ -. .-_ _ _ _ _ _ - . . _ _ _
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the greatest number of events was the main cooling system. The most fre- !
quently reported equipment item was valves. Switches were the most fre-
quently reported instrument and, as expected, set point drift was the most
frequently reported deficiency. Approximately 45% of the events reported
were discovered during performance testing. Designers were identified as
having been at fault in the largest number of reports - 137. Licensed
operators were only identified as being at fault in 80 reports (<6%). In
fairness, one should note that the LERs were written by people responsible
for plant operations.

'

In conclusion, note that this review has presented negative aspects
of BWR nuclear power plant performance not to degrade this type of plant
but rather to provide some guidance as to where additional effort could be
expended to minimize failures and malfunctions. This review is intended
to make a contribution to the safe operation and improved performance of
BWR nuclear power plants.
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METHOD OF INDEXING LICENSEE EVENT REPORTS

i--DOCUMENT TITLE

& CORPORATE AUTHOR

ACCESSION NUMBER - SERIAL NUMBER ASSIGNED TO
THE DOCUMENT BY NSIC

DOCUMENT DESCRIPTION. BIBLIOGRAPHIC
DAT A. AND INFORVATION ON REACTOR
DOCKET

178817

HPCI STATIC INVERTER TRIPS AT PF ACH POTTOM 2t

l PHit ADF LPHI A F L FCTRIC CO PA

1 PG, L T H W L E R 78-022 03L-0 TO NRC OFFICE OF l&E, REGION l. MAY 23,1978
DOCK E T 50-271, TYPE--BWR, MF G--GE, AE--BE CHTEL

DATE OF EVENT - 042478. POWE R LEVE L - 97% CAUSE - NOT DETERMINED. 3
WHILE AT POWE R, THE HPCI SUBSYSTEM WAS DECL ARED INOPERABLE FOL LOWING |

A POV.E R F AILURE AL ARP4 INVESTIGATION REVEALED THAT THE HPCI STATIC | ABSTRACT
INVERTE R (TOPA7 MODE L 250GWR-125-60-115) H AD TRIPPED. THE INVERTER > OF ORIGINAL
WAS REPL ACE D AND HPCI TESTED AND DECLARED OPERABLE WITHIN 7 HOURS. | DOCUMENT
THE INVF R TE R WAS BENCH TESTED FOR TV,0 WEEKS AT VARIOUS LOADS. THE

)
TESTING COULD NOT DUPLICATE THE CONDITION THAT CAUSED THE TRIPPING j
NOR COULD ANY FAULT BE FOUND WITH THE INVERTE R.

AV A!L ABil ITY NRC PUBl fC DOCtJME NT ROOV.1717 H STREE T. WASHINGTON. O C
205% (OH CE NTS PAGE - MINIMUM CH ARGE S2 00i

F All uiF + R F ACTO R OWR e PE ACH BOTTOM 2 (BW + HPCI + E l FCT RIC POWE R +
F All llHE. F OlitNF N T + GF Ni R ATORS

DOCUMENT AVAILABILITY

KE YWORDS - LISTED ALPHABETICAL LY IN THE
KE YWORD INDEX WITH THE
ACCESSION AND PAG 5 NUMBERS

_ _ _ _ _
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NUREG/CR-2172
ORNL/NSIC-195
Dist. Category AS EXTERNAL

Internal Distribution

1. J. R. Buchanan 10. T. W. Robinson, Jr.
2. W. R. Casto 11. H. E. Trammell
3. W. B. Cottrell 12. Patent Office
4. R. B. Gallaher 13. Central Research Library5. P. M. Haas 14. Document Reference Section6. W. H. Jordan 15-16. Laboratory Records Department7. A. L. Lotts 17. Laboratory Records (RC)
8. G. T.' Mays 18-33. Nuclear Safety Information
9. K. E. McCormack Center (NSIC)

External Distribution

34. E. L. Zebroski, Nuclear Safety Analysis Center, Electric Power
Research Institute, P.O. Box 10412, Palo Alto, CA 94303

35. Office of Assistant Manager for Energy Research and Development,
Department of Energy, Oak Ridge Operations Office, Oak Ridge, 'IN
37830

36-37. DOE Technical Information Center, P.O. Box 62, Oak Ridge, TN
37830

38-287. Given distribution as shown in category A5 EXTERNAL (10-NTIS)

*U S GOVERNMENT PRINTING OFFICE 1981 546 067/416

_ _ _ _ _ _ _ _ _ _ _ _ _
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NUCLEA R SA FETY

A BIMONTilLY REVIEW JOURNAL PREPARED BY NSIC

Nuclear Safety is a review journal which cosers significant developments in the field of nuclear safety.
The scope is limited to topics relesant to the analysis and control of hatards associated with nuclear reactors, operations

invohing fissionable materials, and the products of nuclear fission.

Primary emphasis is on safety in reactor design, construction, and operation; however, safety considerations in reactor fuel(
fabrication, spent-fuel processing, nuclear waste disposal, handling of radioisotopes, and related operations are also treated.

Quahfied authors are insited to submit interpretive review articles, which will be resiewed for techr.ical accuracy and
pertinency. Authors will be advised as soon as possible of acceptance or suggested changes. Send inquiries or 1 copies of
manuscripts (with the draftsman's original hne drawing plus 2 copies, and with continuous-tone glossy prints of photographs plus
2 copien to Wm. B. Cottrell, Oak Ridge National Laboratory, P.O. Box Y. Oak Ridge Tennessee 37830.

Nuclear Safety is prepared by t he N uclear Safety Information Centerat Oak R idge National Laboratory for the U.S. Nuclear
Regulatory Commission and the U.S. Departmen; of Energy. For subscriptions. address Supermtendent of Document 2, U.S.
Government Printing Office, Washington, D.C. 20402. T he sub<cription rate is $16.00 per year. Helow is an order blank for yourconvenience.

U.S. GOVERNMENT PRINTING OFFICE
DIVISION OF PUHLIC DOCUMENTS POSTAGE AND FEES PAID

WASillNGTON, D.C 20402 U.S.GOVERNME% PRINTINGOFFICE

OFFICIAL BUSINESS Narne
Street

RETURN AFTER 5 DAYS City State Zip

To Ensure Prompt Accurate Shipment, Please Print or Type Address on Mailing Label Above

Mall ORDER FORM TO:

Supermtendent of Documents. U.S. Gosernment Printing Office Washington, D.C.,2G802

EmlosedfunJ $ (check, money orJer, or Superintendent of Documents coupons). 1

Please send me subscriptwns to Nuc| car Safety.
For U.S. subscribers. 316 00 per subscription. (Jungle issues are sold at $3.50 per issue.)
Forforeign subscribers. 520.00 per subscription. (Smgle hsues or sold at $UO per inue.)

FOR USE OFSUPT. DOCS.
Please charge this order Name _ JEnclosed _ _ _ _ _ _ _ _
to rny Deposit Account Street
No' _ _To be rnailed

City State zip Jater - _ _ _ _ _ _ _ _ _ _
_ Subscription _ _ _ _

Refund _________

Coupon refund _ _ _ _ _

Postage _ _ _ _ _ _ _ _ .

POSTAGE AN D R EMITTANCE: Postpaid within the United States. Pay ment should be by check, money order, or docurr-nt
coupons and MUST accompany order Remittances from foreign countries should be made by international money order or
draft on an American bank payable to the Superintendent of Documents or by UNESCO book coupons.
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AVAILABILITY OF NSIC Doct'MElffS (Continued) -

ORNL/ ,

"itle Price
NSIC,

142 Reports Distributed Under the hRC Light-Water Reactor Saf ety Technical Exchange, Vol.111 $ 4.00
(Jan.-June 1977), D. S. Sharp and Wm. B. Cottrell, Oct. 1977

143 . Bibliography of Reports on Research Sponsored by the NRC Of fice of Nuclear Regulatory $ 5.50
Research - Jan.-June 1977 J. R. Suchanan, Oct. 1977

144 Reactor Operating Experiences 1975-1977, U.S. Nuclear Regulatory Cossaission

145 Bibliography of Reports on Research Sponsored by the NRC Of fice of Nuclear Regulatory '
Research - July-Dec.1977, J. R. Buchanan

146 Reports Distributed in 1977 Under the NEC Light-Water Reactor Safety Technical Exchange.
Wm. B. Cottrell and D. S. Sharp -

147 Indes to Nwlee Safsfy. A Technical Progress Review by Chronology, Permuted Title, and
Author, Vol. 11, No. 1 Through Vol. 18, No. 6. Wm. B. Cottrell and Ann Klein

148 Common-Mode / Common-Cause Failures A Review and Bibliography, E. W. Hagen May 1979 $11.00
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