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REVIEW OF THE OPERATING HISTORY OF
OYSTER CREEX THROUGH 1981

EXECUTIVE SUMMARY

The Systematic Evaluation Program Braneh of the Nuclear Regulatory
Commission (NRC) is conducting the Systematic Evaluation Progrem (SEP) for
the purpose of determining the safety margins of the design and operation
of ter of the older operating commercial nuclear power plants in the
United States. These ten plants are being reevaluated in terms of present
NRC licensing requirements and regulations. Thus, the SEP (s intended:

1. to establish documentation that shows how these ten plants compare
with current scceptance eriteria and guidelines on significant safety
issues and to provide » technical rationale for acceptable departures
from these oriterin and guidel ines,

2. to provide the .umability for making integrated and balanced deci~
sions with respect to any required backfitting, and

3. to provide for the sarly identifieation and resolution of any potes
tial safety deficiency.

The SEP svaluates specific safety topies based on an integrated revievw of
the overall ability of a plant to respond to certain design-basis events
ineluding normal operation, tramsients, and postulated sccidents.

As part of the SEP, the NRC gontracted with the Oak Ridge National
Laboratory to perform operating history reviews., These reviews are tended
to sugment the SEP's safety tople review and to aid in the determination
of priorities for required backfitting during the integrated assesmment,
Each roview includes collection and evaluation of avallability and capae~
ity factors, foreed shutdowns, foreed power reductions, reportable svents,

environmental events, and radiologien]l relenss svents.



This summary presents the results from the review of the operating
experience of the Oyster Creek Nuclear Power Plant, which is a General~
Electrio~designed boiling-water reactor, owned and operated by Genersl
Pablie Utilities. The plant is located at Toms River, New Jersey, adja~
eent to the Oyster Creek inlet of Barnegat Bay on the Atlantic Ogenn. The
reactor has & licensed thermal power of 1930 MW(t) and a design elecirie
eating of 650 MW(e). Oyster Creek achieved initial oriticality on May 3,
1969, and began commercial operation on December 2J, 1969,

From 1970 through 1981, the reactor availability factor at Oyster
Crook averaged T4.4% and the unit capacity factor averaged 61,48, bdoth of
which wore above average for commercial snclear power plants. Startup
tests reduced the valuess in 1969, bat the availability and capacity fae~
tors remained high from 1970 through 1979, The figures for '980 and 1981
ware low because of extended reofueling and maintensnce ountages, During
these shutdowns, Oystor Croek performed the 10«yrar code hydrostatio test
on the renctor vessel and coolant piping and sade TMI modifications.

The operating history ceview focused on data evaluation which was
divided into two segments: (1) evaluation of foreced shutdowns and power
reductions and (3) evaloation of reportable svents., Design basis svents
(DBEs), whioh are dofined in the NRC'y Standard feview Plan,' are failures
that indtiate system transients and ohallenge engineared safoty foatures.
in the foreed shutdown and power reduction segment, the review (dentified
DBEs and rocurring events that might (ndieate & potential operating con
eern. la the reportable svent segment whioch ineluded snvirommental svents
and eadiologlonl releanse events, the review (dentified signiflcant svents

and recurring events that might indioate & potential operating coneern,
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Significant events were either DBEs or events with a loss of engineered

safety function.

Eczsed Shustdowns and Powes Reductions

Of the 203 forced shutdowns and power reductions between 1969 and

1981 at Oyster Croek, 55 were DBEs of one of the following ten types:
1. turbine teip (19),

2. loss of normal feedwater (9),

3. recireulation pump trip (9),

4. lowss of condenser vacum (7),

5. inadvertent closure of main steam isolation valwe (MSIV) (§),

6. pressure regulator failure resulting in decreassd stoam flow (1)
7. decrensed feedwater temperature (2),

§. pressure regulator fallure resnlting in inereased stear flow (2),
9. inadvertent opening of turbine valve (2), and

10, loss of esternal load (1),

The frequency of occarrence of sach type o/ DBE (s consistent with .he
experience of other plants. In al) but one event, the sngineered safety
features worked properly and brought the unit to & safe shutdown condi~
tion.

The one event where engineered safoty features failed to work prop-
erly ocourred on May 2, 1979, when multiple failures resulted in & signif-
leant reduction in resctor coolant water inventory to the triple~low
level. A testing error during routine surveillanee caused & ronctor and
turbine trip. When power was lost dee to the generator trip, the station
losds attempted o tronsfor to offaite power sourees, MNHowever, one startup

transformer was out of serviee, and no power was avallable to two of the
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three feeodwater pumps. The third feedwater pump tripped on low suetion
pressure and left the resctor without feedwater flow, Operastors alosed
the MSIVs to comserve reactor coolant and placed the isolation condensers
8 service to remove the latent heat. However, because of a procedural
error, the isolation condensers failed to antomatically remove the heat,
and the water "evel decreasod tu the triple~low point. At that point, the
operators were able to manually msanipulate the lsolation condensers and
bring the sait to cold shutdown. This event was reported to Congress as

an abnormal oceurrence.’

Repoxtable Exsats

In the reportable event segment of the operating history review of
Oyster Croak, 494 events wore reviewsd, The trend for the number of re
portable event reports submitted by Oyster Creek (s gonarally upward with
poak yoars of 1974, 1980, snd 1981, with 65, 79, snd 72 events, respec~
tively. The canses of reportable svents have besn primarily i(nherent
squipment failures, which contributed 648 of all reported svents. Muman
error (ineluding administrative, design, fabrication, installation, main=
tenanees, and operator error) cansed 14N of the reported events., Other
Gauses, sueh a8 adverse envirommental conditions, were responsible for the
remaining 3%, There (s no apparent trend in the causes of reported
events.

Of the 494 roported events, 17 are considered signiflonnt:

o loss of contrimment integrity (100,
0 decreaned regetor coolant iaventory (1),
¢ loss of contalnment spray oapability (1),

0 renctivity anomaly during startnp (1),
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o loss of onsite emergency power coineidert with the loss of offsite

powar (1),

o blocked suppression chamber vacumm breaker valves (1),
The major contributor to the significant event types was human error,
which caused 15 of the 17 sigai’leant events. The remaining events were
cansed by squipment failures velve failures) and occurred early in Oyster
Creek’'s opernting history. Sisece 1976, the froqueney at which significant
events have ocensred has stead lv inereased. This inoressed rate of oo~
currence is directly related to the inereased frequency of contaisment
integrity violations. Disregarding the loss of containment integrity
events, there (s no apparent trend in the rate of ocourrence of signif i~
cant events,

Only one loss of contaimment svent oceurred prior to 1976, In 1972,
the reactor building vent dampers fa'led to close becanse of & design
error in the control logie. Betwaen 976 and 1981, an additional nine
contaimment integrity losses oc urred. Seven of these wore due to both
doors of sirloeks being opened simultancously. In the remaining two
events, the piston rod in & resctor building isolstion valve broke while
the valve was open and & torus sample valve was leoft open. HNaman error

was responsible for nine of the ten losses of contaimment integrity.

Resuzzing Evesta

The following six types of recurring svents were noted during the two
segments of operating history review:
1. MSIV failures,
2. waeum " resker valve fallures,

3. resctor vessel eracks,
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4, ocondenser tube leaks,

5. lowss of contalnment integrity, snd

6. outdated or insufficient procedures.

ALl but two of these svent types were ldentified by Oyster Creek, and cor~
veotive measures vers andertaken. The two event types that continused to
teour wore the loss of contaimment i(ntegrity (discussed proviously) and
outdated or insuffielent procedures.

Between 1969 and 1974, Opster Crook sxperionced & varioty of reour~
ring mechanionl problems with the MSIVe, ineluding dent valve stems, pack-
ing leaka, and stioking pilot valves., Bach problem was corrected by pro-
per squipment modif leation.

A varioty of problems alse ceourred with the torus-to-renctor~
bailding and torus-tordreywel!l vaouum broaker valves. The largest contrib-
ator to these valve fallures wan & donign srvor loavolving the sse of a
teflon bushing in whieh the valve hinge pins rotate. The teflon experi~
enced an apparent “growing” eharseteristio. Ia 1974, the teflom bdushings
were replaced with niokel-plated bronze dushings. Sinee this replacement,
the bushing fallures have not recurred.

Resctor vessel oracks vere soted three times throughont the histeey
of Oyster Ceook. Of the total 137 stub tubes, 123 wers found arsoked dure
ing the indtinl hydrostatic testing in 1967, Thess saterial flaws roe
salted from & aumber of fabrication and welding preblems compl loated by
corrosive snvironment daring shipping and cleaning. Ar sxtensive ropair
progeam ineluded grinding of surface defoots, overlaying sxposed stub tube
surfaces with wold metal eladding, and o complate rework of fleld welds

and shop walda, Ta 1974, an in=serviee (nspection revealad ornaking Ia



resctor head cladding., However, no cracks propagated into the resctor
vessel base materianl. Later in 1974, & small leak was noted in o fleld
weld betwesn the in-core housing and the vessel lower head. Since repair,
no further cracking has been noted.

Condenser tube leakage problems began in 1970, Through 1975, recur~
ring power reductions were pecessary to repair or plug leaking tubes.
Puring & shutdown in the first part of 1976, condensers were retubed using
welded titanium tubing. With the exception of a limited number of vibra~
tion- induced tube failures, these titanium tubes have functioned satisfac~
torily.

Outdated or insnfficiont procedures cansed or st least complicated 24
of the reported events at Opster Croek, The nmmber of events averaged one
por yoar betwesn 1971 and 1977, The average inereased to four per yon:
between 1978 and 1981, Four of the events between 1978 and 1981 were sig~
sifieant events. The lack of proper provedural guidance for startup under
peak xenon conditions directly led to control rod misoperation and high
renctivity coram on December 14, 1978, Outdated procedures caused the
loss of the Lrolation condenser system during the triple-low vessel level
event on May 2, 1979, deseribed previously. On June 13, 1979, both doors
of & personnel penetration were loft open because procedures falled to
state the correet nethod for securing the doors, lusufficient procedures
led to the declaration of loss of containment spray system on July 16,
1980, when both isola‘ion doors to the containmen: spray pump compartments

were loft open.
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Conclasions

For this analysis of the operating history at Oyster Creek, 203 shut-
downs and power reductions vere reviewed, along with 494 reportable events
and other miscellaneons documentation comcerning the operation of the
Oyster Croek Nuclear Power Plant. The objective was to indicate those
areas of plant operation that have compromised plant safety. This review
identified one significant challenge to plamt safety and two problems that
should bde of continued concern.

The most serious challenge to plant safety occurred on May 2, 1979,
when the loss of feedwater and subsequent loss of the (solation condensers
rosulted in & reduction in resctor coolant to the triple~low level. Plant
personnel reacted properly to restore safe conditions and briag the reac~
tor to eold shutdown,

The two areas of operation that should be of continued concern are
the lowses of containment integrity and the outdated or inadequate pro-
sedures. Both of these event types have recurred throughout Oyster
Croak’s operating history, and both him occurred more frequently a1, 'ng

the past few years.
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ABSTRACT

A review of the operating experience of the Oyster Creek
nuclear power plant from imitial eriticality through 1981 was
performed by the staff of the Nuclear Safety Information Center
for the Nuclear Regulatory Commission’s Systematic Evaluation
Program (SEP). Under the SEP, the safety marging of the design
and operation of ten of the older operating commercinl nuclear
power plants in the United States are being reevaluated.

The review of the opersting experience for Oyster Creek
included data collection and evaluation of availability and oa-
pacity factors, foreed shutdowns, power reductions, reportable
events (reportable occurrences, licensee event reports, ete.),
and envirommental considerations. As well, the reviev method-
clogy and procedures as used in the review and evaluation are
disensned, Data and information collected for foreed shutdowns,
power reductions, and reportable events are presented in Appen

diges,
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1. SCOPE OF REVIEW

The assessment of the operating experience review for Oyster Creek
covered the time from imitial eriticality through 1981, The data collec~
tion and evaluation inmcluded the following aspects of operation: avall~
ability and capacity factors, forced shatdowns and power reductions, re-
portable events, events of envirommental importance and radiosctivity
releases, and evaluation of the operating experience in total. Tables at
the end of Chap. 1 show the codes assigned to operational aspects of
foreed shutdowns, power reductions, and reportable events. These codes
are used in the reporting of data collected during the review of opersting

experience.

Lol Avadlability and Capasisiy Factors

Both resctor and anit availability factors were compiled for all
years. Starting with 1974, the unit capacity factors using the design
electrienl rating (DER) (n net megawatts (electric) and the mazimam de~
pendable capacity (MDC) in net megawatts (electric) were compiled as wrll,
Data for the capacity factors were not available from sarlior years.

The two availability and two capacity factors are doflned as follows:
1o reactor availability =

hours reactor oritical + reactor reserve shutdown hours
period hours

s 100 ,

2. unit availability »

hours jenerator on line « unit reserve shutdown hours
period hours

s 100 ,
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net electrical energy generated
period hours x DER npet

3. unit capacity (DER) = 100 ,

net electrical unucunto‘
period hours x MDC pet

4. unit capacity (MDC) = z 100 .

Reserve shutdown hours are the amounts of time the remctor is not eritieal
or the unit is shutdown for administrative or other similar reasons when

operation could have been continued.

1.2 Review of Fozced Shatdowns and Power Redvctions

Forced shutdowns and power reductions were reviewed, and dats were
¢ollected on each incident. Scheduled shutdowns for refueling and main-
tenance were not included in the review  However, if & utility had & re=
fueling outage scheduled, the plant experienced a shutdown as a result of
A0 abnormal event prior to the scheduled refueling, the utility reported
that the refueling was being rescheduled to coincide with the current
shutdown, and the stility reported the cause of the shutdown as refuel ing,
then this olitdovg was considered as forced. Only that portion of the
Outage time concerned with the abnormal event, not the refueling time, was
included in the compilations.

The power reductions were included to provide i(nformation and details
that may Lave been associated with & previous or subsequent shutdown. The
power reductions are included i(n the proper chromologienl sequence with
the shutdowns in the data tables for the foroed shutdowns and power redue~
tions (wee Appendines).

The following data were compiled snnually for the foreed shutdowns

and power reductions:



1. date of occurrence,
2. duration (hours),
3. power level (percent),
4. notation of whether the shutdowns were also reportable events [e.j.,
& licensee ovent report (LER) or abnormal occurrence report (AOR)],
5. summary description of events associated with the forced shutdown or
power reduction,
6. cause of shutdown (Table 1.1),
7. method of shutdown (Table 1.1),
8. system taken from NUREG-0161 (Ref. 1) that was directly lavolved with
the shutdown or power reduction (Table 1.2),
9. component directly lavolved with the shutdown or power reduction
(Table 1.3), and |
10. ecategorization of the shutdown or power reduction,
Each shutdown or power reduction was placed in one of two sets of signif~
leance categories. The shutdowns and power reductions were first svalo~
ated against oriteria for DBEs as deserided in Chap. 15 of the JStandard
feview Plan.? If the shutdown or power reduction could not be categorized
&% & design=basis initiating event, then it was placed in one of s series
of Nuclear Safety Information Center (NSIC) categories. For further dis-
cussions of the two sets of signiflonnce categories, use of the ontegor-
len, and o listing of them, swe Sect, 7.1,
The listings for the cause, shutdown method, system lavolved, and
component lavolved along with their respective codes are those used in the

NUREG-0020 series’ ("Oray Books") ou shutdowns. Note that the information
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listed nnder the "System involved” column in the dats tables im the appen-
dizes indicates (1) a gemeral classification of systems (fully written
out) and (2) & specific system, which is coded with two letters, within

the general classification.

1.3 Review of Reportable Events

The operating events as reported in LERs and LER predecessors [e.g..
AORs, unusual event reports, reportable occurrences (ROs)] were reviewed.
These types of reportable events were retrieved {rom the NSIC computer
file. Approximately six years ago, operating experience information for
operating nuclear power plants was input to the NSIC file for the period
of time before LERs was reviewed. Any documents that contained LER~ type
information (such as equipment failures or abnormal events) were coded or
indered so that they could be retrieved in the same manner as an LER.
Primarily, this involved various types of operating reports and general
correspondence for the late 1960s and early 1970,

The following information was recorded for each reportable event
reviewed:

1. LER pumber or other means of identification of report type,

2. NSIC accession number (a unique identification number sssigned to
each document entered into the NSIC computer file),

3. date of the event,

4. date of the report or letter transmitting the event desoription,

S. status of the plant st the time of the cceurrence (Table 1.4),

6. wystem involved with the reportable event (Table 1.2),



7. type of equipment involved with the reportable event (Table 1.5),

8. type of instrument involved with the reportable event (Table 1.5),
9. status of the componment (equipment) at the time of the occurrence

(Table 1.4),

10. abmormal condition associated with the reportable event (e.gz.,
corrosion, vibratiom, leak) (Table 1.6),
11. cause of the reportable event (Table 1.4), and
12. significance of the reportable event.
As a step in the evaluation process, each reportable event was screened
using the criteria further discussed in Sect. 3.2.
Note that in the tables of reportable events in Appendix A for Oyster

Creek, comments and/or details on the events were included.

1.4 Events of Epviropmental Importance and
Releases of Radioactivity
Any significant or recurrine envirommental problems were summarized
based on the review of forced shutdowns, power reductions, reportable
events (envirommental LERs), and operating reports. Routine radioactivity
releases were tabulated as well, and releases where limits were exceeded

were reviewed and are discussed in Sect. 4.5.1.5.

1.5 Evalgation of Operating Experience

The operatiug history of cthe plants was evaluated based on a review

that iavolved screeming, categorizing, and compiling data. Judgments snd



conclusions were made regarding safety problems, operations, tremds (re-
curring problems), or potential safety comcerns. Events were analyzed to
determine their safety significance from the information provided through
the various operating reports and the review process. The final safety

analysis reports provided specific plant and equipment details when

necessary.



1-8

Table 1.1, Codes and causes of forced
shutdown or power reductiom and
methods of shutdown

Cagses
Equipment failure

Maintenance or testing

Refuel ing

Regulatory restriction

Operator training and license exams
Administrative

Operational error

Other

B mm o o w »

Methods
Manual
Marual scram
Antomatic scram
Cortincation
Load reduction
Other

O WU e W N e
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Table 1.2. Codes and systems involved with the forced
shutdown, power reduction, or reportable event

System

&

de

Reactor

Reactor vessel intermals
Reactivity control systems
Reactor core

Reactor coclant and connected systems

Reactor vessels and appurtenances

Coolant recirculation systems and controls

Main steam systems and controls

Main steam isolation systems and controls

Reactor core isolation cooling systems and controls
Residual heat removal systems and controls

Reactor coolant cleanup systems and controls

Feedwater systess and controls

Reactor coolant pressure boundary leskage detection systems
Other coolant subsystems and their controls

Engineered safety festures

Reactor containment systems
Containment heat removal systems and controls
Contaimment air purification and clesnup systems and controls
Contaimment isolation systems and comtrols
Contaipment combustible control systems and controls
Emergency core cooling systems and controls
Core reflooding system
Low-pressure safety injection system and controls
High-pressure safe’y injection system and controls
Core spray system and controls
Control room habitability systems snd controls
Other engineered safety feature systems and their comtrols
Containment purge system and controls
Containment spray system and controls
Auziliary feedwater system and controls
Standby gas trestment systems and conmtrols

Instrumentation and coatrols

Reactor trip systems

Engineernd safet— feature instrument systems
Systems required for safe shutdown
Safety-related display instrumentation

Other instrument systems required for safety
Other instrument systems not required for saiety

Electric power systems

Offsite power systems and controls

AC onsite power systems and controls

DC onsite power systems and controls

Onsite power systems and controls (composite ac and dc)
Emergency generstor systems and controls

Emergency lighting systems and controls

Other electric power systems and controls

8% % QOHARBIARE38L2 A BRBE B

ESREBREF R HRABREF H



Table 1.2 (continued)

System

Fuel storage and handling systems

New fuel storage facilities

Spent-fuel storage facilities

Spent-fuel pool cooling and cleanup systems and controls
Fuel handling systems

Auxiliary water systems

Station service water systems and controls

Cooling systems for reactor asuxiliaries and controls
Demineralized water makeup systems and controls
Potable and sanitary water systems and controls
Ultimate heat sink facilities

Condensate storage facilities

Other auxiliary water systems and controls

Auxiliairy process systems

Compressed air systems and controls

Process sampling systems

Chemical, volume control, and liquid poison systems and
controls

Failed-fuel detection systems

Other auxiliary process systems and controls

Other auxiliary systems

Air conditioning, heating, cooling, and ventilation systems
and controls

Fire protection systems and coantrols

Communication systems

Other auxiliary systems and controls

Steam and power conversion systems

Tarbine~gererators and controls

Main steam supply systems and controls (other thaam CC)

Main condenser systems and controls

Turbine gland sealing systems and controls

Turbine bypass systems and controls

Circalating water systems and controls

Condensate cleanup systems and controls

Condensate and feedwater systems and controls (other than CH)

Steam generator blowdown svstems and controls

Other features of steam and power conversion sys.oms (not
included elsewhere)

Radiocactive waste management systems

Liquid radiocactive waste management systems

Gaseous radioactive waste management systems

Process and effluent radiological monitoring systems
Solid radioactive waste management systems
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Table 1.2 (continued)

System Code
Radiation protection systems BX
Area monitoring systems BA
Airborne radioactivity monmitoring systems BB
Other X

Not applicable zZ
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Table 1.3. Components involved with the
forced shutdown or power reduction

Component type Including

Accumulators Scram accumulators
Safety injection tanks
Surge tanks

Air dryers

Annunciator modules Alarms
Bells
Buzzers
Claxons
Horns
Gongs
Sirens

Batteries and chargers Chargers
Dry cells
Wet cells
Storage cells

Blowers Compressors
Gas circulators
Fans
Ventilators

Circuit closers/interruptors Circuit breakers
Contactors
Controllers
Starters
Switches (other than sensors)
Switchgear

Control rods Poison curtains

Control rod drive mechanisms

Demineral izers Ion exchangers
Electrical conductors Bus

Cable

Wire
Engines, i.termal combustion Butane engines

Diesel engines
Gasol ine engines
Natural gas engines
Propane engines

Filters Strainers
Screens

Fuel elements
Generators Inverters

Heaters, electric
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Table 1.3 (continued)
Component type Including
Heat exchangers Condensers
Coolers
Evaporators

Instrumentation and comtrols

Mechanical functiom umits

Motors

Penet-ations, primary containment

air locks
Pipes, fittings
Pumps
Recombiners
Relays

Shock suppressors and supports

Transformers
Turbines
Valves

Valve operstors
Vessels, pressure

Regenerstive heat exchangers
Steam generators
Fan coil units

Mechanical controllers
Governors
Gear boxes
Varidrives
Coupl ings

Electric motors
Hydraulic motors
Ppneumatic (air) motors
Servo motors

Steam turbines
Ges turbines
Hydro turbines

Valves

Contaimment vessels
Dry wells

Pressure suppression
Pressurizers

Reactor vessels




Table 1.4, Codes for data collected on plant
status, component status, and cause of
reportable events

Component Cause of reportable

lant status
status event

Construction Maintenance Administrative error
and repair

Operation Operation Design error

Refuel ing Testing Fabrication error

Shutdown Inherent error
Installation error
Lightning
Maintenance error
Operation error

Weather




Table 1.5.
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Codes for equipment and instruments involved
in reportable events

Code Code
Equipment
A Accumulator W Internal combustion engine
B Air drier X Motor
c Battery and charger Y Nozzle
D Bearing Z Pipe and pipe fitting
E Blower and dampers AA Power supply
F Breaker BB Pressure vesscl
G Cables and conmmectors cc Pressurizer
B Condenser bD Pump
I Control rod EE Recombiner
J Control rod drive FF Seal
K Cooling tower GG Shock absorber
L Crane HH Solenoid
M Demineral izer II Steam generator
N Diesel generator JJ Storage container
0 Fastener KX Support structure
P Filter/screen LL Transformer
Q Flange MM Tubing
R Fuel element NN Turbine
S Fuse 00 Valve
T Generator PP Valve, check
U Heat exchanger QQ Valve operator
v Heater
Iastrumentation
Alarm Power range instrument
Amplifier Pressure sensor

MYmEmOTmmonw>

Electronic functionm upit

Failed fuel detection instrument

Flow sensor
In~core instrument
Indicator

Intermediate range instrument

Level sensor
Meteorological instrument
Position instrument

adupwOovozxr

Radiation monitor
Recorder

Relay

Seismic instrument

Solid state device
Start-up renge instrument
Switch

Temperature sensor
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Table 1.6, Codes used for reportable events—abnormal conditions

& &

&k B & B8 2k EFERELEZE B BR B

-
]

&

AV

Mechanical
Normal wear/aging/end of life: expected effect of normal usage

Excessive wear/clearance: component (especially a moving component)
experiences excessive wear or too much clearance or gap exists be-
cause of overuse, lack of lubrication

Deterioration/damage: component is no longer at an acceptable level
of quality (e.g., high temperature causes rubber seals to chemically
break down or deteriorate, insulation breaks down)

Break/shear: structural component physically breaks apart (mot when
something "dreaks down')

Warp/bend/deformation: shape of component is physically distorted

Collapse: tank or compartment has an external pressure exerted that
results in deformation

Seize/bind/jam: component has inhibited movement caused by crud,
foreign material, mechanical bdonding, another component

Excessive mechanical loads: mechanical load exceeds design limits
Mechanical fatigue: failure due to repeated stress

Impact: the result of the force of ome object striking another
Improper lubrication: insufficient or incorrect lubrication

Missing/loose: component is missing from its proper place or is
loose or has undesired free movement

Wrong part: incorrect component installed im a piece of equipment

Wrong material: incorrect material used during fabricationm or in-
stallation

Weld~related failure: failure caused by defective weld or located in
the heat-affected zone

Vibration other than flow induced: vioration from any cause other
than fluid flow

Crud buildup: buildup of foreignm material such as dust, sticks,
trash (not corrosion or borcen precipitation)

Corrosion/oxidation: unanticipated attack

Dropped: component is dropped (includes control rod that is
"dropped” into core)

Leak, intermal, within system: leak from onme part of a system to
another part of the same system

Leak, intermal, between systems: leak from ome system to a different
system

Crack: defect in a componment does not result in a leak through the
wall
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Table 1.6 (continued)

AY

BA

BC

BE

BF

BI

BJ

Leak, extermal: defect in & componment results in a leak from the
system that is contained in an omsite building

Leak to enviromment: leak not resulting from s cracked or broken
component

Was opened/transfers open: component is/was opened by error or spur-
iously opens

¥as closed/transferred closed: component is/was wrongly closed by
error or spuriously closes

Fails to open: componment is in the closed state aAnd fails to open on
demand (e.g., the circuit breaker "fails to open' when an overcur-
rent occurs)

Fails to close: compoment is in the open state And fails to close on
demand

Malposition or maladjustment: componment is out of desired position
(e.8., normally open valve is closed) or adjusted improperly (not
for instrument drift or out of calibration)

Failure to start/turn on: component fails to start on demand

Stopped/failed to continme to rum: component fails to continue run-
ning when it has previously started

Tripped: component automatically trips om or off (desired or unde-
sired) (e.g., the turbine tripped because of overspeed, the circuit
breaker tripped because of overspeed, or the circuit breaker tripped
because of overload)

Deenergized/power removed: component on system loses its driving
potential but not necessarily electrical power [e.g., (1) a fuse
blows and there is no power to a sensor, and the sensor is deener—
gized; (2) a valve closes off the steam supply to a turbine, and the
turbine has no driving power]

Energized/power applied: component or system gains its driving po-
tential but not necessarily electrical power (e.g., valve is opened
allowing steam to turm a turbinme)

Unacceptable response time: component does not respond to & demand
within « desired time frame but does not otherwise fail (e.g., a
diesel generator fails to come to full speed within the time con~
straint)

High pressure: higher than normal or desired pressure exists in a
component or system (does not include instrument misindications)



Table 1.6 (continued)

Low pressure: lower than normal or desired pressure exists in 2 com~
ponent or system (does not include instrument misindication)

High temperature: component experiences a higher than normal or de-
sired teaperature

Low temperature: component (or system) experiences a lower thanm nor-
mal or desired tempe: sture

Freezing: fluid medium (e.g., water) freezes in or on a component

Excessive thermal cycling: frequent changes in temperature that
¢ould result in metal fatigue or cracking

Unacceptable heatup/cooldown rate: heatup or cooldown rate exceeds
limits

Thermal transient: system experiences anm undesired or unstable
thermal transient or thermal change

Excessive number of pressure cycles: system experiences an undesired
nmmbes Vi e-guasovesms pavisure changes (e.g., pressure pulses as
from a positive displacement pump)

High level/volume: higher than normal or desired level or volume
exists (actual or potential) im a compoment, such as tank or sump,
or ares, such as auxiliary building (mot for instrument misindica-
tiom)

Low level/volume lower than normal or desired level or volume
exists in a component (not for instrument misindication

Abnormil concentration/pH: an abnormal (either high or low) concen~
tration of a chemical or reagent exists in a fluid system or an ab~-
normal pH exists (does not include abnormal boron concentrations

Abnormal borom concentration: process system control rod has an ab-
normal borom concentration from burnup, dilution, or overaddition

Overspeed speed in excess of design limits

Cladding failure: cladding of a componment fails (e.g.., the cladding
of a fuel pellet is breached, and radiosctive fuel leaks out

Burning/smoking: component is on fire or smoking

Engaged component engages or meshes (this is not to be used when a
component binds or becomes stuck or jammed)

Disengaged/uncoupled: component disengages, loses required fric~
tion, or is no longer meshed (as in gears)y for example, the clutech
on the motor disengages from the shaft (this should not be used for

dropped control rods)
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Table 1.6 (continued)

g9

EC

EI

Electzic/insizuments

Excessive electrical loads: electrical loads exceed design rating

Overvoltage/undercurrent: compoment failure produces am over—
voltage/undercurrent condition other than open circuits

Undervoltage/overcurrent: component failure produces an under—
voltage/overcurrent condition other than shorts

Short circuit/arcing/low impedance: electrical compoment shorts or
arcs in the circuit or has a low impedance including shorts to
ground

Open circuit/high ‘mpedance/bad electrical conmtact: electrical com—
ponent has a structural break, or electrical conmtacts fail to conm~
tact and fail to pass the desired current

Erratic operation: component (especially electrical or instrument)
behaves erratically or incomsistently (if an instrument produces a
bad but constant signal, use "BG"; if an instrument produces anm in-
consistent signal use "EF")

Erropeous/no signal: electrical componment or instrument produces an
erroneous signal or gives no signal at all (not for out-of-calibra-
tion error)

Drift: a change in a setting caused by aging or change of physical
characteristics (does not include persomnel errors or a physical
shift of a component)

Out of calibration: component (particularly instruments) become out
of adjustment or calibration (does not include drift)

Electromagnetic interference: abmormal indication or actiom resu't-
ing from unanticipated electromagnetic field

Instrument snubbing: dampening of pulsating signals to an instrument

Hydzanlic

Higk flow: higher than normal or desired flow exists inm a compo-
nent/system (does not include instrument misindication (see code
EG)

Low flow: lower than normal or desired flow exists inm a compoment/
system (does not inmclude instrument misindicaticn)

No flow or impulse: fluid flowing through a pipe, filter, orifice,
or trench or the fluid in an impulse lime (e.g., instrument sensing
line) is blocked completely or decreased due to some foreign mate
rial, crud, closed (either partially or completely) valve or damper,
or insufficient flow area



1-20

Table 1.6 (continued)

£ FERESEEBEEEREESB

-

REBS 8RS

Flow induced vibration
Cavitation

Erosion

Vortex formation

Water hammer

Pressure pulse/surge
Air/steam binding

Loss of pump section
Boron precipitation

Othex

Declared inoperable: component or system is declared inoperable as
required by Technical Specifications but may be capable of partial~-
ly or completely performing its desired duties when requested (a
component/system that is gompletely failed should not ause this
code)

Flux anomaly: flux charssteristics of the reactor core are not as
required or desired (e.g., flux spike due to xenom burnout)

Test not performed: operstor or test personmel fails to perform a
required test within the required period

Radiosctivity contamination: component, system, Oor area becomes more
radiosctive than desired or expected

Temporary modification: an installation intended for short term use
(usually this is for maintenance or modification of installed equip~
ment)

Eaviromme:rtal anomaly
Airborme release
Vaterborne release
Operator communication
Operator incorrect action
Procedure or -ecord error
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2. SOURCES OF INFORMATION

Several sources of information including periodic (annual, guarterly,
and monthly) NRC publications were used in the review. Some sources com
tained information relative to more than ome area within the scope of the

review,

2.1 Availability and Capacity Factozs

The availability and capacity factors were either extracted or calcu~
lated from data given in the Gray Books? from 1974 through 1981 (the first
Gray Book wes issurd in May 1974). Prior to 1974, annual or semiannual

reports were used to compile availability factors only.

2.2 Eozged Reactor Shutdowns and Power Reductions

Review of the forced power reductions involved checking the following
sources for accuiacy and completeness of details.
1. MNueclear Power Plant Operating Exzperience for 19XX, for the years 1973-
1979 (Refs. 4-11). The report for 1981 has not beenm published. How-
ever, because work on the section om outages in these reports has

been performed by NSIC since 1973, the draft copy of this report for
1981 was available.

2. MREG-0020 series’ (Gray Books).

3. Annual or semisnnual reports of the Oyster Creek plant from the time
of startup through 1977. For 1977 through 1981, monthly operating re-
ports were used because the utilities were no longer requirec to file
annual reports. The review of power reductions involved primarily

the aanual, semiannual, and monthly reports.
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2.3 Reportable Events

The NSIC computer file of LERs was the primary source of information
in reviewing repor.able events. Material on the NSIC computer file con
si:ts of the appropriate bibliographic material, title, 100-word abstract,
and keywords. When additional informationm om the event was needed, the
original LER (or equivalent) was counsalted by examining (1) those full-
sized copies on file at NSIC (for the years 1976-1981); (2) the microf iche
file of docket material at NSIC] or (3) tho appropriate operating report
(semiannual, asnual, or monthly).

Two computer files on RECON (a computer retrieval system containing
~40 data bases operated at ORNL) were used extemsively. Printouts were
obtained from the files for Oyster Creek to provide coverage on many types
of "docket material”, including reportable events, where the liconsee may
have been in correspondence with NRC [or the Atomic Energy Commission
(AEC)] comcerming a particular event. Licensees are often requested to
submit additional informationm or perform further analysis. Before the
LERs came into existenmce in the mid-19703, it was not umnsual for li-
censees to submit, om their own or at the request of NRC or AEC, more
than one letter transmitting information onm & particular event. Thas,
these printouts provided additional sources of information on reportable
events.

Several special publications were reviewed to provide details on
events of significance. After further analyses and examination of the
following publications, details, evaluatioms, or assessments counld be
found other than those provided in the appropriate NRC-requested transmis~

sion.



1. Reports to Congress on Abnormal Occurremces, NUREG-0090 seriest?)

2. "Power Reactor Event Series" (formerly Current Event Series)
published biwonthly by NRC;

3. "Operating Experiences,” a section of each issue of the Nuclear
Safety jourmal: and

4. the publications of NRC's Office of Inspection and Enforcement (IE),
suck as operating experience bulletins, IE bulletioms, IE circulars,

and IE informationm notices.

2.4 Epvirommental Events sad Releases of Radiosctivity

Events of envirommental importance were obtained as a result of com
ducting the overall review of the plant’s operating history, and the
sources of information involve all types of documents listed thus far.

The dats for radiosctivity releases were compiled primarily from
Radioactive Materiale Released from Nuclear Power Plante — Awnual Report
