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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in N RC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, N RC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federa/ Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington. DC 20555.

Copies of industry codes and standards used in a substantive manner in the N RC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usuelly copyrighted and rnay be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.

GPO Pnnted copy once: .50
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COLLECTION AND EVALUATION OF COMPLETE AND PARTIAL
LOSSES'0F OFF-SITE POWER AT NUCLEAR POWER PLANTS

EXECUTIVE SUMMARY

The purpose of- this report is to provide an accurate data base for use by
the U.S. Nuclear Regulatory Commission (NRC) in the resolution of
Unresolved Safety Issue- (USI) A-44- " Station Blackout." Events involving
loss of off-site power that have occurred at nuclear power plants through
1983 are described.and categorized as complete or partial losses. The
events were studied in detail to understand their significance for
further' statistical analyses by .the Nuclear Regulatory Commission staf f.

Design features were evaluated to determine those that may be important
factors affecting off-site power system reliability. The off-site power
failures were identified as plant-centered or grid-related failures.
Design features that would affect the frequency and duration of grid-
related losses of off-site power (including severe weather) are the
number of transmission lines and rights-of-way to the plant switchyard
and.the availability of generators such as hydro, gas turbines, or fossil
units near the nuclear plant. ' Design features that may be important for
plant-centered losses of off-site power are the independence of the
sources of off-site power (electrically separate sources), the number of
off-site sources, and the relay scheme for transferring between off-site
sources. -These design- features were tabulated for most of the operating
nuclear power. plants. The tabulated inf armation was provided to NRC for
a statistical analysis to determine the importance of these design
features for plant-centered losses of off-site power.

In addition, the causes of the failures were classified as weather, human
error, design error, or hardware failure. The plant-centered failures
were usually of shorter-duration than the weather-related grid failures.
For this reason, the weather-related events were reviewed in detail.

Tornados have caused the most extensive damage to off-site power systems,
Lbut they have caused only. one complete loss of of f-site power. Hurri-
canes have not. caused extensive damage near a nuclear power plant that
resulted in a complete loss of off-site power. - Winter storms have caused
losses of off-site power, but these storms have not caused extensive
damage that resulted in extended duration of loss of off-site power.
. Windblown salt spray has contaminated switchyard insulators with salt and
caused arcing across the insulators. The arcing caused some switchyard
equipment to fail and made the off-site power intermittent. However, for
these events the off-site power did not fail completely, and it may have
been usable in an emergency.

The . frequency of losses of off-site power versus duration were estimated
for three time periods. The frequency of loss of off-site power was
estimated to be 0.09/ reactor-year based on industry-wide data for the-
years 1959 through 1983.
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-1. INTRODUCTION

This report describes a collection of complete and partial losses of
off-site power that have occurred at nuclear power plants. The purposes
of this report are to describe accurately the loss of off-site power
events and to describe off-site power system design features that may
affect the frequency and duration of loss of off-site power.

The event' descriptions were derived from Licensee Event - Reports (LERs),
questionnaire responses from nuclear plant licensees, NRC and utility
reports, and discussions with utility engineers familiar with the events.
Most of the data sources described what happened in general during loss
of off-site power events at the nuclear plants but did not include many
details of equipment failures and repairs of the transmission system.
Off-site power system design information was collected to use in deter-
mining the effect of design features on off-site power system reliabil-
ity. Design information was collected to determine the redundancy,
diversity, and independence of sources of off-site power.

The loss of off-site power data reported here is in support of the NRC
Unresolved Safety Issue (USI) A-44, " Station Blackout." The frequency
anddurationoflossofoff-sitepowercombinedwijhanestimateof
probability of failure of the on-site power source can be used to
calculate a frequency and duration estimate of loss of all ac power--
station blackout. The frequengy of core melt can be estimated by using
the data on failure of systems independent of ac power.

.
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2. OFF-SITE POWER SYSTEM DESIGNS

The design information collected here was provided to NRC for a statis-
tical analysis to determine if design features significantly affect the
frequency of loss of off-site power. Losses of off-site power have
occurred because of failures in the plant switchyard during which trans-
mission lines to the switchyard remained energized, but, because of the
switchyard failures, power could not be connected to the plant ac distri-
bution system. These are plant-centered failures for which switchyard
and plant electrical system distribution design features are relevant.
Severe weather and grid instabilities cause failures of power delivered
to the plant switchyard. These are grid-related failures for which
design and operation of the transmission system are relevant.

Design features that may be important for plant-centered losses of off-
site power are the following: the number of off-site power sources
available to the Class IE buses; whether alternate off-site power sources
are electrically connected or electrically independent; and the number of
automatically and manually transferrable power sources. Design features
that may be important for severe weather are the following: the number
of transmission lines connected to the plant; the number of rights-of-way
for the transmission lines and; the availability of independent ac power
sources that in an emergency could be dedicated to serve the nuclear
plant.

Class IE is defined in IEEE Standard 308-1980 as the safety classifica-

tion of the electrical equipment and systems that are essential to eter-
gency reactor shutdown, containment isolation, reactor core cooling, and
containment and reactor heat removal, or are otherwise essential in pre-

venting significant release of radioactive material to the environment.

Transmission system design information, such as transmission lines
rights-of-way, was not available for most plants. The design information
concerning the switchyard was obtained almost completely from Final
Safety Analysis Reports (FSARs). The FSARs contain single-line diagrams
of the electrical systems and describe how the system operates. Typical
drawings of nuclear power plants showing the switchyards and the connec-
tions to the switchyards from the plant ac distribution system and from
the transmission system are shown in Figs. 2.1, 2.2, and 2.3.

Several design features are classified in Table 2.la, and these design
features are tabulated for most of the operating plants in Table 2.lb for
further statistical analysis by the NRC. The ac power sources to a
nuclear power plant that are included in the classifications in
Table 2.la are the following: a unit power source is a power source ,

tapped off the main generator; a preferred power source is an off-site
power source that is preferred to furnish emergency power under accident
or post accident conditions; an alternate off-site power source is an
off-site power source in addition to the unit and preferred off-site
power sources. The normal power source to the Class IE buses may be a

2
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Table 2.la. Classification of off-site power system design categories

CATEGORY I - Independence of off-site power sources to the nuclear power
plant

1. All off-site power sources are connected to the plant through
one switchyard.

2. All off-site power sources are connected to the plant through
two or more switchyards, and the switchyards are electrically
connected. The 345- and 138-kV switchyards in Fig. 2.2
represent this design feature.

~

3. All off-site power sources are connected to the plant through
two or more switchyards er separate incoming transmission lines,
but at least one of the ac sources is electrically independent
of the others. The independent 69-kV line in Fig. 2.1 is repre-
sentative of this design feature.

CATECORY II - Power sources for the Class IE buses during normal plant
operation

1. During normal operation, the Class IE buses are supplied by the
main generator through a unit transformer. The normally closed
(NC) circuit from the main generator to the Class IE system in
Fig. 2.1 is representative of this design feature.

2. During normal operation the Class IE power is supplied by a
preferred off-site power source. The normally closed (NC)
circuits from the 230-kV switchyard to the Class lE buses in
Fig. 2.3 are representative of this design feature.

CATEGORY III - Automatic and manual transfer schemes for the Class IE
buses when the normal source of ac power fails and when the backup
sources of of f-site power f ail

1. If the normal source of ac power fails, there are no automatic
transfers and one or more manual transfers to preferred or
alternate off-site power sources. Normally open (NO), manually
operated circuits to the Class IE buses as shown in Fig. 2.3 are
representative of this design feature.

2. If the normal source of ac power f ails, there is one automatic
transfer but no manual transfers to preferrad or alternate off- I

site power sources. !
,

s. All of the Class IE buses in a unit are connected to the same |

preferred power source after the automatic transfer of power j
sources. The transfer of the Class IE buses f rom one pre-
ferred source to another preferred source in Fig. 2.3 is
representative of this design if the transfer were automatic
instead of manual.

1

.-
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b. The Class IE buses in a unit are connected to separate off-

site power sources after the automatic transfer of power
sources. The transfer to the two 138-kV switchyard sources
-in Fig. 2.2 is representative of this design feature.

3. After loss of the normal ac power source, there is one automatic
transfer. If _this source fails, there may be one or more manual
transfers of power sources to preferred or alternate off-site
power sources. The manual transfer from the autotransformer to
the 69-kV source in Fig. 2.1 is representative of this design
feature except the transfer from the autotransformer to the 69-
kV source would be manual.

a. All of the Class IE buses in a unit are connected to one
preferred power source after the first automatic transfer.

b. The Class 1E buses in a unit are connected to separate off-

site power sources after the first automatic transfer.

4. If the normal source of ac power fails, there is an automatic
transfer to a preferred source of power. If this preferred
source of power fails, there is an automatic transfer to another
source of off-site power. The transfer from the 161-kV auto-
transformer to the 69-kV source in Fig. 2.1 is representative of-

this design feature.

a. All of the Class IE buses in a unit are connected to the
same preferred power source after the first automatic
transfer.

i b. The Class IE buses in a unit are connected to separate off-
site power sources after the first automatic transfer of
power sources.

- .
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Table 2.lb. Nuclear power plant off-site power system
design categories !

!

l
;

Plant Name Category I Category II Category III
|
,

|Arkansas 2 1 3a
Nuclear
One

Arnold 2 2 2a

Beaver 2 1 2b
Valley 1

Browns 3 1 4b
Ferry

Brunswick 1 1 1 3a

Brunswick 2 1 1 3a

Calvert 1 2 1

Cliffs

Connecticut 3 2 2c
Yankee

D. C. Cook 3 1 3a

Cooper 3 1 4a

Crystal 3 2 1

River 3

Davis-Besse 1 1 4a

Dresden 2 2 1 3a
.

Dresden 3 2 1 3a

J. F. Farley 2 2 1

J. A. 3 1 2b
FitzPatrick

Ft. Calhoun 2 2 1

Ft. St. Vrain 1 1 2

Ginna 2 Unknown Unknown
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Table 2.lb (continued)

Plant Name Category I Category 11- Category III

E. I. Hatch 2 2 2

Indian Point 2 2 1 & 2a
2 and 3

Kewaunee 2 2 1

Maine Yankee 3 1 3b

Millstone 3 1 3

Mbnticello 2 1 4a

Nine Mile 3 2 1

Point

North Anna 1 1 2 Generator
breaker

North Anna 2 1 2 Unknown

Oconee 3 1 3a

Oyster Creek 2 1 2b

Palisades 1 1 2a

Peach 3 2 2a
Botton

Pilgrim 3 1 4a

- Point Beach 1 2 3a

Prairie 2 1 3b
Island

-Quad Cities 1 1&2 1

Rancho 1 2 2b
Seco

H. B. 2 1&2 2a
Robinson

St. Lucie 1 1 2b
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Table 2.lb (continued) |

Plant Name ., Category I Category'11 Category III

Salen 2 2 2b

San Onofre 2 2 1

Sequoyah 2 1 4b

Surry 2 2 Unknown

Trojan 1 1 2b

Turkey 1 l' 3a
Point

Vermont 3 1 3a
Yankee

Yankee 1 1u 2 1

Rowe

Zion 1 1 or 2 3a
,
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unit or a. preferred power source; but the normal source is the source
that energizes the Class lE buses when the plant is generating power and'

,
'

the breakers are aligned as described in the FSAR. Most of the infor-
nation in Table 2.lb was obtained from FSARs. However, some of the FSARs
did not include the information we needed; and some plants did not fit,

. precisely into the. categories. If there were significant questions about
! a category, none was assigned. Where.one off-site circuit was in one

category and another in a separate category, both categories were
| included in Table 2.lb.

Design features affect the probability of having a loss of off-site
power. Plants that have electrically independent power sources from a

j separate switchyard or a separate transmission line, as shown in

|- Fig. 2.1, appear less likely to suffer a plant-centered loss of off-site
_

j power than a plant where all sources are electrically connected. The
69-kV power source in Fig. 2.1 is connected automatically if the pre-1

1 ferred source fails. Power plants that have suffered loss of the unit

! -and preferred power sources but not of an electrically independent power
I source are the following: D. C. Cook, Cooper,' Oconee, Pilgrim, and
| Vermont Yankee. Plant-centered losses of off-site power are usually not
; of long duration. Two separate switchyards or a transmission line not
+ connected electrically to the main switchyard may reduce the frequency of
- the short-duration, plant-centered losses of off-site power, but will

probably not reduce the. frequency of the long-duration, severe weather
' events that may affect a large part of the transmission system.
;
4

A parameter that has been identified for analysis is the normal source of

,
power for the Class lE buses. Some plants normally power the Class IE

! buses from.a unit transformer connected to the output of the main genera-
! tor as shown in Fig. 2.2. If the unit trips, the Class IE buses are

automatically transferred to a preferred off-site power source. Other
~

<

plants normally power the Class 1E buses from a preferred source as shown I

in Fig. 2.3. For the design shown in Fig. 2.3, a unit trip will not
'

; cause the Class IE buses to transfer, and, if a preferred power source

| trips during reactor operation, a reactor trip may not occur even though
!a Class lE bus loses power (although a reactor trip has occurred in some.

cases). This design feature concerning the normal power source for Class
lE buses is more important for plant-centered losses of off-site poweri

i than for grid-related power failures because an equipment f ailure or
! human error can prevent transferring to a preferred power source even

~

though the switchyard remained energized. .

L

The number of transmission lines, the number of rights-of-way, and a
nearby ac power source such as a gas turbine or hydro unit are important
for maintaining off-site power when tornados disrupt transmission lines.

,

Right-of-way information was usually not available and was difficult to
document because rights-of-way split, . rejoin, and cross; but some infor- ;

i- nation on rights-of-way was obtained for three plants that have had
transmission lines damaged by tornados. A tornado or tornados near

; Browns Ferry on April 3,1974, caused significant damage to three 500-kV ;

i lines east of the plant and to one 500-kV line and one 161-kV line south ;
i

I |

|
1

.
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of the plant. A.161-kV line northeast of the plant and a 500-kV line
southwest of the plant were not damaged by the tornados. At Arkansas
Nuclear One, two 500-kV lines south of the plant and one 500-kV and one
161-kV'line east of the plant failed because of tornado damage. -One
161-kV.line east of the plant did not fail. In 1965 a tornado damaged
the 138-kV system at Dresden. - The 138-kV transmission lines were on a
single right-of-way, but the transmission lines on the main 138-kV trunk
were not damaged by the tornado. Tap lines connected to the 138-kV
system were damaged.by a tornado or tornados. The events at Browns Ferry
and Arkansas ' Nuclear One were partial losses because of the redundancy of
transmission lines and rights-of-way. Dresden has only one right-of-way.
but the transmission lines on the right-of-way were not damaged.

Other factors that affect the probability of loss of off-site power are
wind, snow,' and ice loadings that transmission lines are designed to
withstand.' Wind-blown salt from an ocean has contaminated insulators and
caused losses of off-site power. Insulator type and availability of
insulator cleaning equipment are factors that would affect the frequency
and duration of off-site power losses caused by salt contamination.

Many design features affect the reliability of off-site power to nuclear
power plants, hat the ones discussed here are based on design features
that have been identified to be important in the recorded losses of off-
site power to nuclear power plants.

4
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3. LOSS OF 0FF-SITE POWER DATA

,

3.1 DATA QUALITY

Most of the event descriptions contained in the LERs and other documen-,

] tation within the U.S. Nuclear Regulatory Commission _(NRC) files did not
contain sufficiently detailed information for our. purposes. For example,
a licensee reported off-site power restoration time to be 6 h, but we

'

have determined that one off-site power source was restored in 8 mi and
all off-site power was restored in 6 h. Since restoration of one source
of off-site power terminates a loss of off-site power event, the docu-
mented description was not accurate enough for our purposes. Off-site
power was available to be reconnected in several events, but the plant
' operators did not reconnect it for some time after it was available. The*

time that power was reconnected was usually reported in the LERs,
however, the time that power was available for reconnectica was the

information we needed. The events in Table A.1 include information on l

reconnection times and availability times when both were known.

! The documented dsta were collected from LERs, responses to an NRC ques-
tionnaire, and sundry reports prepared by the utilities. The documents
are referenced in the list of events in Appendix Table A.I. Additional
information was obtained by contacting utility engineers for more com-
plete explanations of events. Conflicting information was reported for
some events, but the events were described as accurately as possible
based on our understanding of the events and discussion with others

: familiar with the events.

|.- Because many of the event descriptions were not complete or adequate, we
requested that IEEE Working Group 4.3, Loss of All AC Working Group, help
improve the quality of the data. The Working Group investigated events
to obtain better descriptions of the causes, sequences of events, and the
times and methods of restoring off wite power. This group obtained addi-
tional information for several events.,

,

3.2 EVENT DESCRIPTIONS
;

i

i All complete and some selected partial losses of off-site power at
nuclear power plants through 1983 are described in Table A.1. The'

'

entries in Table A.1 that are not self-explanatory are explained in this
section. The entry " Equipment failure and cause of failure" describes as

,

best we understand what equipment failed. It also attributes the cause
of failure to the transmission grid, weather, or a plant-centered event. [
The failure is further attributed to design error, human error, or hard-
were malfunction. The column " Category" contains an evaluation of the
significance of each event. _A description of each category follows:;

o Category I. Failure of the preferred, alternate and unit power
sources either when the reactor was at power or when shutdown, but

i

. if the plant was shut down the lors would have occurred had the !

{ plant been operating.
.
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a. Power was not restored within 30 min I

b. Power was restored within 30 min
e Category II. Failure of the preferred and alternate power sources. ,

IThe unit did not trip or, if not operating, would not have tripped
had it been operating.

* Category III. Failure of the preferred and unit off-site power
sources. An alternate off-site power source was available by manual
switching.

* Category IV. Failure of all off-site power during a cold shutdown.
These special maintenance conditions do not occur during or
immediately following operation.

* Category V. Low voltage conditions on the transmission system.
Voltage was near or below 90% of normal.

The restoration time is the time needed to make one power source avail-
able for reconnection. When special circumstances were involved and
known to us, the circumstances for restoration were summarized in the
" Description of event." If a utility reported equipment unavailable when
the event occurred, that information was included in the table. Reacto r
power refers to the percentage of full power immediately prior to the
loss of off-site power. Events were categorized and evaluated.

The data entries in Table A.1 are based on written reports and telephone
conversations with utility engineers familiar with the events. The event
descriptions in Table A.1 included information that is pertinent to this
study of off-site power system reliability. Additional information may
be in the references. Interpretations of the significance of the events
is implicitly part of the event categories. Category I evants have the
most significance for safety. The other categories have less safety
significance either because all off-site power did not fail or because
the reactor was in cold shutdown and could probably maintain safe shut-
down for an extended time without ac power.

3.3 SITE YEARS

A list of the plants included in this analysis and the site years are in
Tabig 3.1. The site years were calculated using the Operating License
Date for all of the plants except Big Rock Point, Dresden, Indian Point,
and Nine Mile Point. Humboldt Bay and Lacrosse were not included in this
study because there was only one off-site source to each plant. Lacrosse
has a switchyard with more than one off-site power line, but only a
single line connects the plant to the switchyard. Big Rock Point and
Indian Point were not incladed until more than one transmissior. line
served these plants; Big Rock Point added transmission capacity in March
1968, and Indian Point added transmission capacity in October 1971." The
Nine Mile Point and Dresden criticality dates were reported in reference
5 to be prior to the licensing date in reference 3, but this report usen
the criticality dates for Nine Mile Point and Dresden.5 Plants with
only one connection to an off-site system were not included because they
are not typical and may bias the statistics. Most nuclear plants have
two or more connections to the off-site system.
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Table 3.1. Nuclear power plant site years

Operating Site years through
license

Name date 1975, 1980 1983

Arkansas Nuclear One 5/74 1.6 6.6 9.6
Arnold 2/74 1.8 6.8 9.8
Beaver Valley 1/76 0/ 4.9 7.9
Big Rock Point 3/68* 7.8 12.8 15.8
Browns Ferry 6/73 2.5 7.5 10.5
Brunswick 12/74 1 6 9

.Calvert Cliffs 7/74 1.4 , 6. 4 9.4
Connecticut Yankee 1/68 7.9 12.9 15.9
Cook 10/74 1.2 6.2 9.2
Cooper 1/74 1.9 6.9 9.9
Crystal River 3 12/76 0 4 7

Davis-Besse 4/77 0 3.7 6.7
Dresden 10/59* 16.2 21.2 24.2
Farley 6/77 0 3.5 6.5
FitzPatrick 10/74 1.2 6.2 9.2
Fort Calhoun 5/73 2.6 7.6 10.6
Fort St. Vrain 12/73 2 7 10
Ginna 9/69 6.3 11.3 14.3
Grand Gulf 6/82 0 0 1.5
Hatch 8/74 1. 3 6.3 9.3
Indian Point 10/71* 4.2 9.2 12.2
Kewaunee 12/73 2 7 10

JLa Salle 4/82 0 0 1.7
Maine Yankee 9/72 3.3 8.3 11.3
McGuire 1/81 0 0 2.9
Millstone 10/70 5.2 10.2 13.2
Monticello 1/71 4.9 9.9 12.9
Nine Mile Point 9/69* 6.3 11.3 14.3
North Anna 11/77 0 3.1 6.1
Oconee 2/73 2.8 7.8 10.8
Oyster Creek 4/69 6.7 11.7 14.7
Palisades 3/71 4.8 9.8 12.8
Peach Bottom 8/73 2.3 7.3 10.3
Pilgrim 6/72 3.5 8.5 11.5
Point Beach 10/70 5.2 10.2 13.2
Prairie Island 8/73 2. 3 .7.3 10.3
Quad Cities 10/71 4.2 9.2 12.2
Rancho Seco 8/74 1.3 6.3 9.3
Robinson 7/70 5.4 10.4 13.4
St. Lucie 3/76 0 4.8 7.8
Salem 8/76 0 4.3 7.3
San Onofre 3/67 8.8 13.8 16.8
Sequoyah 10/80 0 0.2 3.2

' - Summer 8/S2 0 0 1.3

>
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Table 3.1 (continued)

Operating . Site years through
license

Name date 1975 1980 1983

i
.'Surry 5/72 3.6 8.6 11.64 -

Susquehanna
. 7/82 0 0 1.4

Three Mile Island 6/74 1.5 6.5 9.5
Trojan L, 11/75 0.1 5.1 8.1
Turkey Point- 7/72 3.4 8.4 11.4
Vermont Yankee 3/72 3.8 8.8 11.8
Yankee Rowe 6/61 14.5 19.5 22.5
Zion 4/73 2.7 7.7 10.7

Total 159.5 383.0 532.8

*See Sect. 3.4.
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The site years were calculated for three time periods that were analyzed
to determine the change in frequency of loss of off-site power over time.
The period ending in December 1975 was selected because the events prior
to 1976 were not usually documented as well as they were later. The
period beginning in January 1981 was selected to evaluate recent
performances of off-site power systems.

|

|
!

|
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4. WEATHER-RELATED LOSSES OF OFF-SITE POWERL,

Failure of the unit and off-site ac power sources at nuclear power plants
makes the plants dependent on emergency generators for ac power. Subse-4

quent failure to restore either emergency or off-site power soon enough '

could result in reactor core damage. Based on events in which complete
or partial losses of off-site power occurred, weather-related failures
usually take longer to restore power than other events. The weather-
related events were selected from Table A.1 for a more detailed
antlysis.

The weather-related events were examined in detail to determine the
significant odcurrences that caused the event or affected restoration of
off-site power. Design and operational features were examined to deter-
mine how they may have affected the outage. The events selected for
review were complete and partial losses of off-site power caused by
severe weather; the events are listed in Table 4.1. Most of the losses
were caused by strong winds or ice, but three events were included in,

,

which multiple. lightning strikes could have contributed to an extensive
outage.

4.1 EVENT SUMMARIES

A review of each of the 16 events listed in Table 4.1 follows.

Arkansas Nuclear One on 2/22/756

A partial loss of off-site power and reactor trip occurred because of
tornado damage to transmission lines. At 1:45 p.m. one 161-kV line
became deenergized, and an attempt to reenergize this line failed when
the breaker at the far end of the line from the nuclear plant switchyard
would not close. At 4:08 p.m. a tornado extensively damaged three towers
for one of the 500-kV transmission lines. A breaker in the 500-kV
switchyard opened and then reclosed onto the faulted line causing a unit
trip. This caused all 500-kV breakers to open, leaving only one 161-kV
line to the plant still energized.

Two transmission lines became deenergized, but only one was severely
damaged by the tornado; one 500-kV line remained energized, but the
breakers in the 500-kV switchyard had locked out; and one 161-kV line was
deenergized because a breaker at the distant end had opened. The trans-
mission line damaged by the tornado was repaired after several days.

Arkansas Nuclear One on 4/7/8068

A tornado caused a partial loss of off-site power to Arkansas Nuclear One
Units 1 and 2 on April 4, 1980. At 5:28 p.m. a tornado caused the loss
of the 500-kV line to Ft. Smith, and at 6:25 p.m. a tornado caused the
loss of the 500-kV line to Mabelvale. At 6:48 Units 1 and 2 tripped from
100% power because of the loss of the remaining 500-kV line and one of

18
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Table 4.1. Selected complete and partial

weather-related failures of
off-site power systems

Plant Date Cause

Arkansas Nuclear One 02/22/75 Tornado
Arkansas' Nuclear. One 04/07/80 Tornado
Browns Ferry 04/03/74 Tornado
Browns Ferry 03/01/80 Ice Storm

Dresden 1 11/12/65 Tornado
Fort Calhoun 02/21/76 Storm
Fort St. Vrain 05/17/83 Snow and wind

i Indian Point 07/13/77 Lightning and
grid failure

Indian Point 06/03/80 Lightning

Millstone 08/10/76 Hurricane
Pilgrim 05/10/77 Snow storm
Pilgrim 02/06/78 Wind and snow

Pilgrim 10/12/82 Storm and salt spray

Pilgrim 02/13/83 Ice and salt

Point Beach 02/05/71 Ice, snow

Prairie Island 07/15/80 Electrical storm

_ _ _ - - _ - _ _ .
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the two 161-kV lines. ~One line from Morrilton remained connected to the
161-kV switchyard, but because of overloading or a failed relay, power
from the 161-kV switchyard was not immediately-available to the plant.
Manual action could have been taken to connect the 161-kV source to a
shutdown transformer ST-2 within approximately 10 min, but the plant was
stable using on-site power, so the 161-kV' source was not used..-Off-site
power was restored to Unit 1 at 7:40 p.m. and to Unit 2 at 7:10 p.m.
Arkansas Power and Light estimated shortly after the event that it would
take one to two weeks to restore the 500-kV system, but we did not deter-
mine the actual restoration time for the 500-kV system.

Several 500-kV transmission towers collapsed because of the tornado.
Arkansas Nuclear One has three 500-kV lines and two 161-kV- lines.
'Apparently because of the separation of the lines some were not damaged
by the tornados.

Browns Ferry' 1 on 4/3/74 ,109

Browns Ferry experienced a partial loss of off-site power because of
tornado damage to the transmission facilities when several tornados
occurred in the Tennessee Valley. Units 2 and 3 did not have operating
licenses, and Unit I was at 92% power at 6:53 p.m. when the unit tripped
because of transmission line interruptions caused by tornados. There was
extensive damage on four of the five 500-kV lines and to one of the two
161-kV lines.

One 500-kV line and the 161-kV line from Trinity substation tripped
.followed by a reactor trip. Off-site power was supplied throughout the
event by the 161-kV line from Athens. 'The 500-kV line #1 to Madison
failed and was restored on April 27. The 500-kV line #2 to Madison was
taken out of service on April 1 and was nearly ready to be returned to
service when it was damaged by a tornado. It was returned to service on
July 26. The 500-kV line #3 to Trinity was not completed at the time of
the event. The 500-kV line #4 to Trinity failed on April 3 because of a
tornado and was restored on November 1. The 500-kV line #5 to Westpoint
tripped-but was not damaged; it was reenergized after approximately

.

120 h. The 161-kV line to Athens did not fail.

Browns Ferry on 3/1/8011,12

An ice storm and winds caused a partial loss of off-site power. At the
time of the event, Unit I was down for refueling; Unit 2 was shut down
for maintenance; and Unit 3 was at normal power. High winds and freezing
rain caused both 161-kV transmission lines to trip, but off-site power
was'backfed from the Unit 1 main transformer. The 161-kV power was
restored after 6 min. Improper lineuplof the 161-kV Athens line protec-
tive zone relays contributed to the loss of the 161-kV system. The
161-kV transmission lines were not damaged, so the power was restored by
reclosing the feeder breakers after 6 min.

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



- - _ _ _ _ _ _

|

21

Dresden 1 on 11/12/6513-15
t

A tornado passed 4.8 km (3 mi.) northwest of the unit and caused a
complete loss of off-site power. The unit tripped from 200 MW(e) because
of the power failure; the on-site emergency diesel generator was started
and loaded with essential loads. Five 138-kV lines on one right-of-way
were connected to the plant, and there were two 34-kV lines. The 34-kV |
lines normally were not used to supply off-site power to Dresden but
could be configured to do so.

A 138-kV main trunk line had taps that provide large industrial cus-
tomers. One or more tornados downed some of the 138-kV transmission line
taps to industrial customers, and this caused the 138-kV system to
Dresden to be isolated. The 34-kV lines tripped also. Power was
restored to the 138-kV main trunk to Dresden by sending a maintenance .

crew to open disconnects between the 138-kV trunk lines and damaged tap
lines. It took 4 h to restore off-site power to Dresden. A 34-kV line
was restored after 2 h and 25 min, but the system load dispatcher would
not reconnect this line to Dresden because the sour-ce was considered too

.

weak.

Since this failure, a 345-kV system has been installed, and now a second
right-of-way heads south from the station.

;

%
Fort Calhoun on 2/21/7616

A storm caused a 161-kV line to trip; subsequent failure of two buses to
transfer caused the unit to trip. When the unit tripped, all off-site
power was lost to the unit, but two transmission lines to the 345-kV
switchyard remained energized. The licensee reported that off-site power
was restored after 54 min. However, power probably could have been
restored sooner because there is a motor-driven disconnect switch that
could be opened to isolate the main generator such that power could be
backfed from the 345-kV switchyard through the main transformer.

Details of this event were not reported, but, because the storm caused
only one line to fail, it appears that the restoration time could have
been shorter had off-site power been required for an emergency.

Fort St. Vrain on 5/17/8317

Severe wind and snow caused a loss of all off-site power to the unit.
The reactor was shut down at the time of the event. One diesel was out
of service for maintenance, and the other diesel, which was operating in
parallel with the off-site system, tripped when off-site power failed.
The unit was without all ac power for approximately 25 min until the
diesel that had failed was returned to service. Off-site power was
restored after 1 h and 45 min, but the actions taken to restore off-site
power were not reported.
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18Indian Point on 7/13/77 |

Two separate lightning strikes caused grid instability and a loss of all
off-site power. These strikes caused a trip of Indian Point; 55 min
later all off-site power was lost because of grid instability. Off-site
power was restored 6 h and 28 min later. Although weather initiated the
event bv causing two transmission lines to fail, restoration of ac power
was not significantly affected by the weather.

Now three gas turbines can provide alternate ac power sources to Indian
Point. These gas turbines can be controlled from the Unit 2 cont rol
room.

Indian Point on 6/3/8019,20

A lightning strike caused a complete loss of off-site power. A shield
wire was struck by lightning and fell onto two 345-kV feeders causing
them to trip. The resulting surge caused a second shield wire to fall
onto a 138-kV feeder. Both units lost the preferred power sources;
Unit 2 tripped, but Unit 3 did not trip and continued to receive ac power
from its unit auxiliary transformer. The two gas turbines at Buchanan
substacion were operating when the lightning struck, and both tripped.
The gas turbine at Indian Point was " black-started" and placed on
standby. Unit 2 received ac power from its diesel generators.

A design change made by Consolidated Edison to avoid recurrence of this
event was to supply the 345/138-kV autotransformer from the Buchanan
substation North Bus rather than from the 345-kV feeder W93 (one that
failed during the event). This improves the reliability of the 138-kV
switchyard because with the new design the autotransformer's source of
power to the 138-kV switchyard is supplied from the 345-kV switchyard
rather than from the 345-kV transmission line W93.

The actions taken to restore off-site power were not reported.

Millstone on 8/10/7621,22

Hurricane-force winds and salt spray without much rain to wash switchyard
insulators caused a complete loss of off-site power to Unit I and a short
loss of off-site power to Unit 2. Both units tripped from power opera-
tion. Because of the salt contamination on the insulators, transmission
lines were available intermittently for a 5-h period from 4:00 a.m. to
9:00 a.m. The 27-kV transmission line tripped because of salt contamina-
tion on a cable termination that had not been made properly; it was
unavailable for 16 h. At 9:00 a.m. the off-site power source to Unit I
was deenerigized to wash salt off the insulators. Af ter the switchyard
was deenergized, Unit I was without off-site power for 11 h and 29 min.
Power was available to Unit 1, but had it been reconnected it was subject
to tripping because of salt contamination. Unit 2 lost off-site power
briefly when a breaker opened but automatically reclosed successfully.

Because of the salt contamination, a surge arrester failed; three circuit
breakers opened but were damaged; a fourth circuit breaker had burn marks
but was undamaged; and a transformer had burn marks but was undamaged.
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All of the damage occurred in the switchyard, but none occurred because
of flashover on the 345-kV transmission line insulators.

Power remained connected to the switchyard, but it was not connected to
Unit I because of the possibility of flashover at the insulators. Four
separate flashovers occurred in 19 min. Off-site power could have been
used, but it was not a reliable source of power.

Pilgrim on 5/10/7723,24

A snow storm caused a transmission line to trip, and subsequent trans-
mission system instabilities caused Canal 2 fossil plant and Pilgrim
Nuclear Power Plant to trip. Ice buildup during a snow storm caused a
static wire to fall onto a 345-kV transmission line. This caused a loss
of load on the system, and Pilgrim and Canal 2 tripped while adjusting
for this loss of load. The 23-kV line also failed, but the cause of its
failure was not reported. Whether it failed because of the snow storm,
the system instability, or other causes was not reported. The 345-kV
system was deenergized for 9 h and 40 min; the 23-kV transmission line
was denergized for 2 h and 40 min.

Pilgrim on 2/6/7824,25

Severe winds, heavy snow, and ice caused a complete loss of off-site
power. Intermittent line faults were caused by ice and sale coated
insulators. The 345-kV system was out of service for 18 h and 34 min,
and the 23-kV line was out of service for 8 h and 54 min. The 23-kV line
failed a second time for 65 min, but the time it was in service prior to
the second failure was not reported.

Through personal conversation it was reported that the 345-kV system was
deenergized voluntarily for washing of the insulators. However, the
345-kV system was appsrently not energized for over 18 h, ard its
functional capability was not tested. The cause of the 23-kV line fail-
ure was not reported. This 23-kV line is underground from a substation
to the plant, and the substation is 0.4 km (0.25 mi) inland such that it
should not have a salt-spray problem. Boston Ed! son has since installed
equipment for washing insulators while the system is energized.

Pilgrim on 10/12/8226

A partial loss of off-site power occurred because an ocean storm depoc-
ited salt on insulators causing 345-kV line faults, but the 23-kV system
remained energized. The insulators were washed with f resh water and
restored after 11 h and 33 min.

In November 1983, Boston Edison acquired high pressure equipment for
washing 345-kV yard insulators while the switchyard remains energized.
Use of this equipment may reduce the failures caused by salt-coated
insulators. However, the effectiveness of this equipment for icing
conditions was not reported.
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27Pilgrim on 2/13/83

!A partial loss of off-site power occurred because of ice and salt
contamination on the 345-kV switchyard insulators. The 23-kV line
remained energized. Additional details of this event were not reported.

Point Beach on 2/5/7127,28

A complete loss of off-site power was caused by an ice storm and failure
of a transformer differential relay. An ice storm caused a line fault,
which caused differential lockout relay to operate on three transformers
at the plant. Through personal conversations, it was determined that
off-site power was restored in 8 min. However, all of f-site power was
not restored for 6 h and 22 min to evaluate transformer gas samples to
determine if .the transformers were damaged. The means of restoring off-
site power was not reported. Both transformers from the preferred

power--1X03 and 2X03--locked out, so the question of how power was
restored remains unanswered. Unit I was at power when the trip occurred,
and Unit 2 was not yet licensed for operation.

29Prair'ie Island on 7/15/80

A complete loss of off-site power resulted from an electrical storm and
degraded voltage. Unit I was in cold shutdown and Unit 2 was at 100%
power when an electrical storm caused Unit 2 to trip at 8:30 p.m. Powe r
from the 345-kV system failed at 9:38, but the 161-kV system remained
energized at approximately 80% normal voltage, which was considered unus-
abic. The 345-kV system was restored af ter 1 h and 45 min, and approxi-
mately 2 h later the system voltages were normal.

4.2 DISCUSSION OF EVENTS

The events selected to be included in the previous discussion were caused
by severe weather that resulted in or had potential to result in extended
losses of off-site power. Some of the events were only initiated by
weather, and subsequent failures or grid instabilities contributed to the
length of the outage. The widespread severe weather may cause a grid
failure, and also affect the speed of restoration by causing extensive
damage or hampering maintenance crews trying to get to the damaged
equipment.

Tornados have caused the' most extensive damage to transmission lines and
towers, but they have caused only one complete loss of off-site power--
Dresden, 1965. A tornado near Browns Ferry damaged five of seven func-
tioning transmission lines, and it took 5 days to restore the first of
the five downed lines. At Arkansas Nuclear One, several transmission
line towers were damaged, but all of the transmission lines were not
damaged simultaneously. At Dresden 1 a tornado caused a complete loss of
off-site power, but the main 138-kV trunk to Dresden was not damaged by a
tornado. Dresden now has a 345-kV system in addition to the 138- and
34-kV systems, and it has two transmission line rights-of-way to the
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plant. The separation of transmission lines should be an important
design feature to provide protection against a complete loss of off-site
power because of a tornado.

Salt spray from'the ocean onto switchyard insulators has caused some-
extended outages of off-site power. Although all or part of the switch-
yards were deenergized because of salt contamination, off-site power
probably could have been restored to the switchyards, at least interait-
tently. However, switchyard equipment is damaged occasionally when
flashovers occur because of salt contamination, and the equipment fail-
ures could contribute to an extended loss of off-site power. Better
switchyard insulators can be installed to " buy time" before a flashover

.would occur, and. water spray equipment to wash salt contamination off the
insulators _ can be installed permanently or on mobile equipment. Some
washing equipment is designed to wash the insulators while the switchyard
is energized, but the effectiveness of this equipment below freezing is
questionable.

Snow and ice storms accompanied by strong winds have caused several
complete and partial-losses of off-site power. Restoration of off-site
power af ter failures caused by cold weather storms usually does not take
long. For the cold weather stora events that we evaluated, descriptions
of the failures and repairs were not detailed, but they did not involve
extensively damaged transmission equipment. Ice loading and winds have
caused intermittent faults or downing of a single line, but widespread
damage has not occurred at nuclear power plants. However, details on
transmission systems failures and repairs were not reported for some of
these events, but in each case there was at least one off-site power
source without serious damage because the restoration time was not long.
Although extensive damage has not resulted, snow and ice may delay
maintenance crews' attempting to get to remote locations even for minor
repairs.

Lightning has been involved in many complete and partial losses of
off-site power, but the restoration times for most events were short.
Two lightning-initiated events occurred at Indian Point resulting in grid
instability from one, and the downing of several lines from the other.
An event occurred at Prairie Island in which the 345-kV system failed and

-the 161-kV system had degraded voltage. The longest restoration times
for the lightning-initiated events were those that resulted in grid
instability.
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5. FREQUENCY OF LOSS OF 0FF-SITE POWER,

!

The frequencies and durations of losses of off-site power vary among
plants because of the different plant distribution, switchyard, and i

transmission systems designs and because of the different weather condi- |
tions. However, point estimates of frequency versus duration for loss of I

off-site power were calculated. The loss of off-site power system data
was reported to the NRC for detailed statistical analyses to determine
frequencies and durations for the different off-site power system designs
and weather conditions. The estimates of loss of off-site power were,

calculated for the following time periods: 1959-1976, 1959-1980, and
1959-1983. No statistical tests were performed to determine the
significance of any differences in frequencies or durations.

The losses of off-site power that occurred at Humboldt Bay and at Indian
Point on 11/9/65 were included in Table A.1 but were not included in the
following statistical analysis because both had only one of f-site power
connection. Also, the duration of the power failure at Indian Point 1

| was not reported to us. There have been several power failures at
Lacrosse, but, because it had only one connection from the plant to the
switchyard, it was not included in the statistical analysis (nor was
Lacrosse included in Table A.1). Two losses of off-site power occurred
at St. Lucie, and two failures occurred'at Turkey Point on 5/16/77.
These events were caused by an area-wide grid failure and restoration
followed by a second grid failure. Because the grid probably had not
been restored to normal before the second failure occurred, these events
were counted as two losses of off-site power rather than four. However,
the duration times of the losses were added for the statistical
analysis.

For Category I events, the nustors and frequencies of loss of off-site
power versus selected time periods are shown in Table 5.1. These cal-
culations were based on industry-wide data and are not intended to apply
to any specific plant. The frequencies were calculated using the total
site years in Table 3.1.

|
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Table 5.1. Number of events and frequencies of losses of off-site
power for selected time periods

1959-1976 ,1959-1980 1959-1983

Duration Frequency Frequency Frequency
(h) No. (yr-1) No. (yr~l) No. .(yr- 1)

0-0.5 15 0.094 20 0.055 21 0.039
0.5-1.0 6 0.038 10 0.026 11 0.021
1-2 0 5 0.013 6 0.011
2-3 0 1 0.003 2 0.004
3-4 0 1 0.003 1 0.002
4-5 1 0.006 1 0.003 1 0.002
5-6 1 0.006 3 0.008 3 0.006
6-7 0 0 0
7-8- 0 0 0

-8-9 0 1 0.603 1 0.002
>9 0 0 0

Total 23 0.144 42 0.114 46 0.087

>



6. SUMMARY
|

Data on losses of off-site power at nuclear power plants were collected

and tabulated as a reference data base. Information on the events was
obtained from NRC documents, but where the descriptions were not clear
additional information was gathered by talking to utility engineers who
were familiar with the events. The events were categorized to indicate
the significance of the events. Category I events are the most signifi- ,

cant because they challenge the emergency ac power system immediately |

after a reactor trip. A detailed description of weather-related events
was included because of the potential of an extended loss of off-site
power caused by severe weather. Design information was also reported
because the plant design features are important factors affecting the
frequency and duration of loss of off-site power. Category I events were
used to estimate the frequencies of loss of off-site power for the three
selected time periods.
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APPENDIX

COMPLETE AND SELECTED PARTIAL LOSSES OF OFF-SITE POWER
'

Losses of off-site power that have occurred at nuclear power plants
through 1983 are listed in Table A.I. All complete losses of off-site
power reported to the NRC are listed, but not all partial losses are
included. Selected partial losses of off-site power that involved the
loss of several transmission lines or that involved the loss of power to
some buses were included. Many events involving failure of only one
transmission line were not included. Descriptions of the entries in
Table A.1 are included in Sect. 3.2.
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Table A.I. Complete and selected partial losses of off-site power through 1983

Equipment
Restoration unavailable beactor

Plant Event Equiparet f ailure time at the time power
name date and cause of failure Category (h min) of the event (t) References Descriptica of event

Arkansas 2/22/75 A tornado caused 111 Not None reported #1-et latter from A tornado damaged a 500-kV
Nucteer transmieston 11ae reported power AP&L to NRC line and caused a 161-kV line
h f at tures. Wather- #2- 6/11/80 to trip. h reactor tripped

related, grid fatture unlicensed when the 500-kV line f ailed

Arkansas 9/16/78 kto transformer pro- la 1:29 None reported #1-I00 AP&L Unit 1 tripped and its loads

he tear tection was not set #2-hot response to transferred to startup transfor-

one for two unit opera- standby NRC questions mer #1. This caused the auto-
tion. Startup trans- (date not transformer to trip on overload

former #2 was not known) because it had not been reset for
designed to carry full two unit operation. Both units
sua111ary load for transf erred to startup transfor-

both units. Plant- mer #2 which does not have the
centered, design, and capacity to carry full load for

procedural error both units for an estended time.
h op rators did not shed load
and ilnit 2 buses tripped on
undervoltage. Unit I continued [
to receive power from startup
transformer #2

Arkansas 4/7/80 A tornado caused 111 #1-0:22 kne resorted #1-100 latter from Tornado damage caused the loss of
hclear the loss af all but #2-0:52 #2-100 AP&L to the Ft. Smith 50(Htv 11ne. The

one one line. Crtd NRC 6/11/80 Mabelvale 500-kV line f ailed j

fatture 57-min later because os the tor- |
Inada. h startup transformers

were unavailable because of relay |

failures la the switchyard.
Power was available from the
161-kV switchyard and could have
been connected within 1 min. The
diesels supplied power to the
emergency buses

Arkansas 6/24/80 A 500-kV 11ae fault 111 - None reported #1-100 latter from The 500-kV Mabelvate line tripped

hetear and resulting over- #2-92 AP6L to on ground fault and the Ft. Smith

One load caused a grid hatC 7/31/80 line opened at the Ft. Smith end.

fa11ere One 161-kV line tripped on over-
load, but one remained connected.
Subsequently, the autotransformer

_ _ __



locked out causing a loss of pre-
ferred power to both units. Off-
site power was available to both
units through a manual transfer
to startup transformer #2. The
diesels supplied emergency power
to Unit i

Duane b complete losses or significant

Arnold partial losses of off-site power

Be aver 7/28/78 Fault is main trans- Ib 0:47 kne reported 100 LER 78-43 A fault la the main transformer
Valley former. Main genera- caused a generator trip. As the

ter out-of-step relav generator was coasting down, a
subsequently tripped f aulty out-of-step relay caused

all off-site power all 345-kV line breakers and
sources. Pl an t - three 138-kV line breakers to

centered. hardware ope a. The Shippingport power

fatture station was isolated as the only
power source, but it was tripped
on overload. A diesel generator
failed to start

Big 1/25/72 Power from 138-kV tb 0:20 Mae reported At power Letter from High winds and ice caused " gal-

Rock failed because of high Consumers loping conductors" in the 138-kV

Point winds and a subsequent Power Co. to system causing momentary time
relay fatture. Trans- hWC 3/3/12 faults. On the thirteenth opera- W
fer relay in plant tion, a trip cott burned out. The
failed to transfer plant did not transfer to the
power. Plaat-cent e red. 46-kV system because of a failed

hardware fatture relay. It required 2 h to
restore the 46-kW line. Power
was restored to the 135-kV
system in 20 min

Browns 4/3/74 Tornados caused 111 120 h one 500-kV #1-92 latter from Four of five 500-kV 11aes and one
Ferry the loss of several f or 1til-kV line was out #2-un11- TVA to USAEC of two 161-kV lines failed be-

transmission lines. 11w of service ceased 4/19/74 cause of tornado damage. Several

Weather / tornado. 83mmall- towers were down on each line.
grid ceased Unit I tripped, but off-site

power was available from the
remaining 161-kV line

Browns 3/1/80 lee store caused 11 0:06 home reported # 1-re- LER 80-19 An ice store caused the loss of
Ferry loss of 161-kV fueling both 161-kV 11aes. power was

system. kather/ #2-0 provided by backfeeding through
ice storm #3-at Unit 1 main transformer. Ontt 3

power did not trip

.

.
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FTable A.I (coattamed)

Equipment
Restorattom unavailable . Reactor

Flaat Event Equipment failure time at the time power
name date and cause of failure Category (ha min) of the event (2) References Description of event +

trans- 3/26/75 Crounding cosaections tb 0:04 ' Two 230-kV #1-not A0-75-5 Five 230-kV lines were supplying

! wick 2 were taproperty buses were licensed 230-kV buses IA and 2A. A 230-kV

| designed. A time down for #2-0 Itne fault caused a differen-
!

fault initiated pro- maintenance tial current relay to operate i

j tection relay actua- and open breakers to all 230-kV ,

' ttoa. Plant .: entered. lines. N relay operated

[
design error because of improper ground con-

nections for the differential
current transformers

( .

I
trune- 4/26/83 Maintenance during a IV 0:17 one trane- #1-0 LER 83-23 Unit I was shutdown for ref uel-

'

I wick plant shutdown caused former feeder #2 ing with one of its switchyard

I the one remaining down for .startup buses out for maintenance. N
feeder to trip. Plant- eatatenance reentning bus to Unit I tripped

centered human error and all off-site power was lost,

I
' to Unit 1. Unit 2 did not lose

off-site power. h switchyard
bus to not taken out of service
dart g sreal operation W

Cb

| Calvert 4/11/78 Protective relaytag III Not hone reported #1-10 LER 78-26 Protective relaying in the 500-kV |

C11 tis deemergised a vital reported 82-75 switchyard deemergized 4-kV
'

bus. Plant-centered. Bus II. Diesel generator 11
hardware failure autoestically started but sto

output breaker did not autoesti- +

cally close. The diesel genera-
ter breaker was unaually closed. i

Off-stte power reemined [
avattable to the switchyard, but -

ba annual transfer was required to
reenergise plant loads. noth a

reactor units tripped. N plant
loads were annually reenergised ;

Calvert 4/13/78 A protective relay Ia 5:50 None reported $1-80 LER 78-20 During upgrade of a battery char-
Citifs operated erroneously #2-50 ger, a short occurred and protec-

causing a loss of off- tive relays to the 500-kV owitch-

site power. Plaat- yard operated because of a sneak
circuit. All of f-site power was

| centered, design
lost. Troubleshooting consumed ;

| error
acet of the outage time. Relay

'

modtiteations have been made to-
i

prevent inadvertent operation of
the relays. Diesel generator !!

|
I failed to start

| 2

| i

i
,

;
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Connec- 4/27/68 Relay test switch set Ib 0:21 One 115-kV 100 RO 68-4 A hueso error caused the 1 se
ticut taproperty duttag itse down for of a line while the otner was
Tankee evitching. Plant- mainteaaace down for estatenance. The reac-

centered, human error ter tripped. All three diesels
trtyped, but were restored
t endiately-

Connec- 7/15/69 Protective relays were Ib 0:09 None reported 100 Letter from Operator switching error while
ticut met defeated for a CYAPC to betC taktag one 115-kV Itne out of
Yankee line betag taken out 7/24/69 service caused the second !!S-kV

of service. Plant- 11ae to trip. The main generator
centered. huono error is connected to a 34 M V switch-

yard but the toes of the !!5-kV
evitchyard wt!! cause a plant
trip because the unit aux 111ary
transformer does not have the
capacity to supply the total
plant load. One diesel generator
did not pick up load

Comaec- 7/19/72 Lightatng strike Ib 0:01 hone reported 100 letter from Lightatag caused the loss of all
ticut caused a loss of both hortheast of f-site power
Yankee !!S-kV lines. Weather- Utilittee to

related. plant- tec 12/27/79
centered

Connec- t/19/74 4 faulted 11ae and Ib 0:20 None reported Not A0 74-3 A lightning arrestor faulted dur-

ticut tacorrect relay opera- reported ing an ice storm, and a relay la

Yankee tion caused power the plant failed. Diesel genera-
.

loss. Plaat-cent ered. tor A service water pump failed

weather /tce and hard- to start autoestically

were failure

Connec- 6/26/76 Induced voltage caused Ib 0:16 One 115 kV O LER 76-14 When a line that had been out of
ticut taedvertent operation Itne and one service was being restored. pro-

Yankee of protective relays. stattom ser- tective relays operated and

Plant-centered. destga vice trans- caused a complete loss of off-site

former power. Restoretton time en-error
compasses the time power was
restored, f ailed. and restored
three separate times

Coot 2/17/75 4 fault ta a cable !!! Unit-3:58; home reported pl-5 tatter from Unit ! use in mode 2 and
was caused by a poor preferred- #2-un11- ladiana and receiving aux 111ary power from

splace. Plant- 73:06 ceased Michigas the preferred power source. A
centered, tasman error Electric Co. fault caused the preferred power

to USNRC source to trip, but the 69-kV
I/3/80 alternate of f-site pnwer source
LER 75-5 was unaffected. Power was back-

fed after 3 h and 58 ata by
removing the generator links.
The preferred power source was
restored af ter 73 h and 6 mia



Table A.! (continued)

Equiparat
Restorattom unavailable Reactor

Flast Evest Equipment f atture time at the time powe r
name date and cause of failure Category (h: min) of the event (1) References Description of event

Cook 9/ t/ 77 A lightatng strike and 111 Fre f erred- None reported #1-100 LER 77-10 A lightning strike caused a Itne
a breaker f atture 2:41 #2-un11- fault which was followed by a
caused the pref erred censed breaker failure. Breaker f at ture
power source to fail. relays isolated the 345- and 765-
A second lightatng kV sources f rom the perferred
strike caused a snit power source trains. A second
trty. Plant -cent e red. Rightning strike caused a unit
lightning trip. The 69-kV alternate

of f-site power source remained
availshie

Cooper 2/21/76 A f ault and subsequent 111 0:29 hone 85 Nebraska During bitarard conditions, a line
f alse relaying caused Public fault occurred. False relaying
loss of power. Power Dis- opened breakers to two lines, and
Weather / wind, snow, trtet letter the remaining line was tripped by
and lightning to WRC. an out-of-step relay. This

12/14/79 caused a unit trip and loss of
preferred power, but the 69-kV
alternate source was automatically
connected to supply power LJ

QD
Crystal 6/16/81 Lightning strike 111 mot None reported 100 LER 81-33 A lightstag strike and a tight-
River 3 and arrester fa11ere reporte4 ning arrestor failure caused the

caused lose of a loss of a startup transformer
startup treasformer. The B diesel generator fatted.
Weat he r/Ilght ning , but of f-stte power f rom the
f oss11 plaat-centered fossil plant startup transformer

was manually connected to
provide power to the B division

Devis- 11/29/77 As operator switching til 11 S Mone reported Startup LER 77-98 Af ter a reactor trip, an operator
bes se error caused a moern- opened the main generator

tary loss of of f-stte breakers and attempted a manual
power. Plant- transfer of power. The procedure
centered, human error was incorrect and a loss of power

occurred until a manual transfer
was made 11 e later. A dieset
tripped on overspeed.

Davis- 10/15/79 A breaker muffier rup- Ib 0:26 Mene 60 LER 79-96 The Integrated Control Systen
Besse tured and csused a reported f atted and caused a reactor trip.

transatssima line Subsequently, e circuit breaker in
short. Plant-cente red , the switchyard f at ted and caused
hardware fatture a loss of off-site power. One

bus was teenergtsed af ter 26 min

and the second bus af ter 43 mia.
A service water pump did act
start automatically

_ -
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Dre sdeo !!/12/65 A tornado caused all la 4:00 None reported 100 Letter from Tornados caused toes of all
1 off-stte power to fatt. Com Ed to 118- and 14-kV transmission

Weather / tornado, grid NRC 12/29/79 lines. A 138-kV line was
fattare 28th Amer. restored after 4 h; the unit was

Power Conf. to operation after 25 h and 40
min

J. M. 9/16/77 Lightning caused la 0:54 One 210-kV #1-startup LER 77-12 Lightning caused switchyard
Farley breakers to open. line. Two #2 unknown breakers to open. Startup trans-

Wea t he r /1t ght ning, breakers were former 14 was reenergized af ter

plant-centered open to 1se- 54 man and startup transformer

late the mata 15 was reenergised after 4 h

gene rat or and 59 min

J. M. 10/d/83 A breaker fatture la 2:45 Kone reported #1- Telephone A switchyard breaker f ailed and a

Farley caused two startup unknown conversation breaker f atture relay opened

transformers to lose #2-0 (EPRI) adjacent breakers, which deemer-
power while unit was staed both startup transformers

|
s hut down. Plant- for Unit 2. because Unit 2 wasi

centered harJeare shutdown, a tosplete loss of

failure of f-site power resulted. One
l startup transf ormer was reener-
| gtsed af ter 2 h and 45 min, but

the operators decided not to
reconnect of f-stte power until,

i

the second startup transformer
was reenergised. which was 3 h
and 17 min af ter the f atture j
occurred

J. A. 10/4/78 A maintenance error IV 14s None reported 0 Latter from A grounding b .aker was

1 Fits- caused a loss of FAS4Y to installed improperly for testing,

Patrick of f-site power. Plant- NRC 4/18/80 and caused of f-site power to

( centered human error trip. Power was restored auto-
natically in 14 s

t

| J. A. 3/27/79 During maintenance. IV 0:03 Maintenance o LER 79-21 A maintenance error caused a loss
i Fits- protective relays was being of off-site power duttag a cold

| Patrick actuated and caused a perf ormed on shutdown. One diesel was down

j loss of power. Plant- transformer for maintenance

; centered. humaa error relays
,

l Ft. 3/11/75 Transf ormer protective IV 11:US The 161-kV O A0 7 5-7 A transformer tripped because of

Calhoun relays f atted Secause Itne to Ft. and EPRI faulty protective relays and

of noteture in a jonc- Cal %eun was caused a loss of off-site power.

tion bon. Plant- down for One diesel generator f atted to

centered, hardware maintenance automatically close onto the

fatture emergency bus, but it was manually
connected. Off-site power could
have been restored sooner if
required. The unit was betr.g
ref ueled.
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Table 4.1 (coat taued)

Equipment
Restoration amavailable Reactor

Plant Event Equipaest fatture Etne at the time power
name date and cause of fatture Category (h: ain) of the event (1) References Description of event

Ft. 2/21/16 A stors caused a la 0:54 kne reported At power Istter A 161-kV Itae tripped during a
Calkun 161-kV Itse fault and f rom Quaha stors but the energency buses

power did not trans- Public Power did act transfer to the alter-
fer. Plaat -cent e red. District to mate power source. The matt
hardware fatture NRC 3/20/80 tripped on low reactor coolant

flow

Ft. 6/22/77 A 1614V Itae trtyped. Ib (0:01 kee reported At power tatter from A f aulty relay la the 161-kV
Calhoun koes fa!!ed to trans- OPPD tu ERC switchyard caused a loss of

fer and the unit 3/20/80 power from this switchyard.
tripped. Plant - Two koes failed to traasfer
centered. hardware and the uait tripped caustag
fatture a loss of of f-site power

Fort St. S/17/83 Snow and wind caused a la 1:45 kne reported O LER 83-18 Snow and wtad caused problems
vrati loss of off-stte power. vtth the off-stte power system.

Weather / snow and wind. Diesel 15 w s started and con-a
grid fatture sected to parallel with the off-

site power system. Diesel 1A was
out of service for matateaaace.
A loss of off-site power

occurred and diesel la overloaded
and tripped. The plant was without
all ac power for 25 min
untti diesel 15 load shedding
relays were reset and on-site
power was restored. Diesel IA
was returned to service 45 min
after the power fatture. The unit
was ta cold shutdown prior to the
power fatture

Graad k complete losses or sigalitcaat
Gulf partial losses of off-site power

Cinas 1/4/71 4 14.5-kV be section ta 0:1c hone reported 0 Letter from A section of the plant stdtag
shorted. Plant- Rochester Gas (f acade) f ell onto a 34.5-kV bus
centered. human error and Electric sectica caustag a short etreutt.

Corp. to NRC The stding had been attsched with
11/15/19 the wrong clips. The uait was la

cold shtdows when the fatture
occerred

i
I

|
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( Cinna 10/21/73 Af ter one !!5-kV Itne la 0:40 Dae 115-kV 91 latter from When one of four !!5-kV trans-
I was removed f rom ser- Itae was out RCE Corp. to misstoa !!aes was removed free

vice the rematatag of service NRC 11/15/79. service the rematalag three
times overloaded. picked up addittoaal load. As
Crtd-related, destga the 11aes heated they sagged, and
error one shorted to a 34.5-kV line

below it on the same tower. The
resulting tramstent caused the
rematalag lines to trip

i Giana 4/18/88 A breaker f aulted 11 Not hae reported 95 LER 81-7 A fault la a breaker caused e
and caused the 34.5-tv reported loss of the 34.5-kV of f-stte
source to fatt, source. The diesel generators
Plaat-centered, energized the emergency buses.
hardware fatlure The unit did not trip. but it had

a 103 runback

E. 1. No complete losses or significant
htch partial losses of off-site

power

beholdt 7/17/ 70 Switchtag error. Ib 0:18 hee reported Unknoda Absoras! Switchtag error at humboldt Bay
say* Plaat-centered. occurrence substation and subsequent relay

huana error report. fattures at two locations caused
Report date a loas of off-site power.
10/2/70 (1sfe mation for this event was

hspars s

hoboldt 11/27/70 storm Ib 0:14 hae reported Unknown Datt Opera- A stora caused a loss of of f-
Bay * tions ryt. site power, one line was out of

7/8-12/31 service for 14 ata but the other
1970. pG6 E. Itne was out for 28 h. ( taf or-
3/4/71 motion for this evert was sparse)

Indian 11/9/65 Geld fatture la Unknown Unknown 0 Telecon with The " Great Northeast Blackout"
potat (* ut111ty caused a loss of of f-stte power

Indian 7/20/72 Cr14 fatted but the la 0:55 hear by t reas- 01-95 latter from A grid failure caused a loss of

rotat cause wea not mission time #2-0 Con Ed to NEC off-site power. The cause of the

reported was out of p3 walt- 8/18/72 fatture was not reported. Fuel

service. ceased had been unloaded from 11att 2

|

|
|

|
|

|

L
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Table A.1 (coattaued)

Equipment
Restoratten unavailable Meactor

Plant Event Equiparat f ailure time at the stas power
maae date and cause of failure Category (h ain) of the event (1) References Description of event

ladtaa 7/13177 Lightr. tag strikes la 6:28 home re weted #2-0 latter from Two separate lightning strikes

potat caused itse fattures #)-91 Con Ed to hkC led to grid fatture. Since 1975

and grid f ailure. 8/18/72 there have been two gas turbines

beacher/11ghtalag. at nearby Suchanaa substation

grid fatture (21 % and 26 MW) and one gas
turbine at ladian Potat (16 % )
all of which are controllable from
the Walt 2 control room. At
the Else of this event, two of
the gas turbines were down for
maintenance and the third fatted
because of a malf uncticatag volt-
age regulator. Since 1960. Tech
Specs require that ene gas tur-
bane be available at all times.
Unit 2 was la cold shutdown

ladian e/1,80 Lightning strike la 1:45 hae reported #2-100 1.ER 80-4 A ground w4re fell and faulted

Palat caused a ground wire #3-30 6 80-8 four 138-kW feeders. Unit 2 &
to fall once feeder. tripped, but L'ait 3 continued to N

Flast-centered, operate with diesel generators 32

weather /11ghtning and 33 supplying power to 480-V
buses. Two gas turbines at
Buchanaa. a near by substattoa.
were operattag when the fault
occurred, but they tripped. une
of the gas turbines was restarted
but not loaded prior to restora-
tion of the of f-site power lines

|

tadtaa 1Gi4/4) faulty relay caused a 111 h>t has reported #2-0 Telecea The 134-kV feeder to the station

Point loss of preferred reported f) un- with aus111 artes was deenergized
power. Flaat-centered, known EPRI because of a faulty relay. The

h.ardware fatture generators powered the buses
for 15 min. The 1)-kV alternate
off-site power source was avail-
able throughout

itaine $/ 31/ 78 Transformer f ailure 111 0:01 mot reported 47 Actear fa11ere of one of two mala power
tamase caused a matt trip and power transformers caused a unit trip

depresstem of voltage, esperience and depressed the weltage from
Plantweetered, hard- 6/ 30/ 83 the preferred power source,
were f attere Undervoltage relays blocked an

automatic transf er. so the diesel
generaters started and loaded.
Operators annually closed the
preferred power source breakers
withis approstaately 1 ala

|

__



i

Matae 4/25/83 Ligatalag strite 11 115 kV- One 11HV 100 LER 8 F14 One preferred source 11HV line

taahe cassed a 11ae arty. 3:45 Itne was eut of service for improve-

plant-centered. meats when lightalag caused a

weather /11ghtalag arty of the rematalog 11HV
line, h unit continued to
operate at 100%

Matae 7/2/83 Lightning striae 11 115 kV- One 115-kV 100 11R 83-25 One preferred source !!5-kV line
tankee caused a 1tne trip. 0:04 Ilme was out of service for taprove-

plant-centered, meats when a 11ghtalag strike

weather /Itghtalag caused a trip of the rematstag
11 H V line. N ustt continued
to operate at 100%

h complete losses er sigatitcantEewaunee
partial losses of of f-site
power

LaSalle h complete losses or sigatitcaat
partial losses of off-site
power

McGuire ho complete losses or significant
partial losses of off-site
power

trall- 7/28/76 Undervoltage relays Ib 0:05 bae reported 82-at EMEO) letter Undervoltage relays had been reset b
W

stone 2 tripped off-site and power to NRC. at Millstone because of previous

ea-stte power. plaat- 7/22/76, problems. On 7/28/76 a 1500-hp

centered, destga and R e unter was being started, and the
76-42 resultlag voltage drop caused theerror

off-site power to trip. The die-
sets started, but when a large
pump was being started, the safety
loads tripped om undervoltage.
The undervoltage relays were reset
to a higher value and the safety
loads were reconnected

M111- 8/ I V is A hurricane caused la 5:00 home reported #1*45 LER 76-49, hrrtCane SS11e Caused salt spray

stone salt spray ta coat #2-200 Ertl. and bt to be blowa into the Millstone
tasulatars with salt l't t t t tles switchyard and coat transatssion

which caused a flash- telecom Itae tasulators with salt. There

over. plant-centered, was not enough rate to wash the

destga and weather / tasulators, so fault currents

, hurricane flowed through the salty tasula-
tors. auth off-site sources to
Unit I were unavattable for 5 h.
After the H interval, the %5-kV
switchyard was betag cleared of
salt but could have been restored
if necessary. The switchyard has
been retasulated to protect
agatast this problem
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Table A.I (coettamed)

Equiparat
Restorattoa unavs11able React or

Plant Event Equiperat fallare time at the time power
name date and cause of fatture Category (h: min) of the event (%) Re f erences Description of event

Mill- t / 2/ 91 An operator deemer- 111 0 bae reported 100 huC/4EOD A switching error in the de sys-
stane stred one de ks. report. tem led to a reactor trip loss
2 Plant-cestered, oper- !!/81 of breaker control, and loss of a

stor error, and design diesel. h second diesel trip-
error ped from another cause. The

mata generator breakers did not
trip because of loss of de power

No.t t - 4/27/45 an operator racked out Ib 0:15 koe reported ht LAR 81-9 An operator caused a bus fault
celle a breaker under load, reported when he racked out a breaker

Plant-centered, human under lead and caused a short
errer and destgs error circuit on the bus. Power to the

4-kV esseattal bees fatted
althougth it was still available
in the switchyard. The relaying
has been redesigned so that botta
buses will not trip when only one
is faulted

&
Mine 11/87/73 An electrictaa kaped Ib 10 s One 115-sV Startup Letter from An electrician working on a itse p
Mile a relay cabinet and 11me irom 10tP Miagara out of service caused the remata-
Point caused protective to Fitz- Mohawk Power tag time to trip. The diesels

relays to operate. Patrick Corp. suppiled power to the emergency
Plant-centered, human 11/21/73 buses although the 815-kV breaker
error reclosed to 10 s

stae 2/ 7/$2 Faulty relay opera- 11 10 s One 115-kV 99 LEst 82-4 One 115-kV line was removed from
Male ston. Plant-centered Itne service and the second !!S-kV
Nint hartw re fattere time f atted during breaker test-

ing. The diesel generators+

started when the preferred power
fatted but ts uait did not
trip

krt h 7/3/81 Transformer fault and 111 ht hae reported #1-100 MitC internal A mata transformer faulted.
Awe fire. Plant-cent e red , reported 82-8 mens from started a fire, and caused Unit 2

hardware fatture B. Engle to to trip. Transformer oil burned
T. M. Novsk and caused nitrogen bottles to
7/6/38 emplode. Af ter 18 ala, the fire

melted open be bars which supply
emergency power to both units.
Diesels in and 2J started and
restored power to the two emer-
gency buses; one emergency bus in
each unit did not lose of f-site
power

w - - - __ _ _ - - - _ _ -
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Oconee 1/4/74 !aduced voltage in a !!! 1:00 ' ' ' -None reported #1-0 Letter free An' induced voltage la a breaker
protecttee relay cable for , #2-75 Duke Power fatture relay cable caused the,s
caused relays to oper- 230 kV

'

#3-wo11- Company to;~
At the time of the event. Keowee
230-kV switchyard to be isolated.'

-
* ate. plant-cente red . .. ceased USAEC

"
destga error

'

1/14/74 -- #1 was generettag 60 MW; it was
' -

_. , isolated f rom the grid to provideN

' , ''.,-
~ power to Oconee. The 100-kV 11ae

_ _ was available. he attempt to
, connect the 100-kV Itae 30 s

* es ' af ter the f atture was not succese-
".

. s

ful because the Emergency Power
Switchlag Leste woe automatically. ,

?' commecstag the Keowee units to
'

t*,
- supply power. The 100-kV line was

'' subsequently used to supply of f--
site power. The status of the-

_
**

, three gas turbines at Lee Steaa

Stattom. m41ch can be dedicated to--

Oconee. was not reported

Oyster 9/s/73 ottfereattal relays Ib Not reported home reported 14 Letter f rom When power sources were betag . '

Creek for two breakers were Jersey Central transferred from a unit muuttiary
sisvtred. Plaat- Power Light transformer to startup transform-

. centered, human error Co. to USAEC ers. two breakers tripped

| 9/t8/73 because of a control wiring
| error. Differeattal relays 3%

tripped feeder breakers each time .kn
a enadensate pump was started.

,
,

l Power was available la the i

! switchyard but 4160-V breaker
; operattoa tahibited estag it.
l testoration was accompitsbed by

( resettlag lockout relay and
i reclosing breakers. Both diesels
! failed to start once because the
| start circuits had not been reset

Oyster 41/14/83 Switchyard fire caused 111 34.5 kV-4 h home 0 Telecon The unit was shut down and the
Creek Itae fatture. Plant- reported with EPRI generator 11aks had been removed. r

centered. hardware 4 fire to the 34.5-kV switchyard
fatture caused one of two startup trans-

formers to f all. Carbon deposits
caused arcing so the 34.5-kV
switchyard was doenergised to
clean the tesulators. The 345-kV i

'yard probably could have been
reenergized at any time. 4 mobile ,.

substation was dispatched to i

'

Dyster Creek and could have been
on-11ae la approstestely 4 h j

i
&

k
_ - . __ .-. , . - ,,, -.
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Table A.1 (continued)

Equipment
kestoration unavailable Reactor

Plant Event Equipment failure time at the time power

name date and cause of failure Category (h min) of the event (1) Re f e rence s Description of event

Pati- 9/2/11 A breaker f ailed to la 0:56 None reported 0 14tter from A line fault occurred and a f
Consumers breaker failed to open. A

sedes open followleg s lin
Power Co. to breaker-failure relay operated

fault. Plant-
1SAEC 9/9/71 and isolated the 145-kV *R* bus,

centered. hardware which resulted in a loss of
failure of f-site power. The unit was in

cold shutdown

Pali- 9/24/17 h "R" bus failed but la 4:45 None reported At power 1ER 77-47 h 345-kV *E" bus failed, which
resulted in a reactor trip and a

sades the reason was not loss of off-site power. N rea-
ascertained. Plant-

son for the failure was not
centered. design determined, but an electrical
error storm was in the area when the

failure occurred. Within 30
min the cause of the problem was
determined by observing relay

targets, and the equipment was
visually inspected. N decision b

@
was made, however. to remain con-
nected to on-site power until
electrical checks were completed

Pali- 11/25/77 h "R" bus failed. la 2:20 hone reported At power IIR 77-55 N "R" bus became deenergized
letter from and the reactor was manually

sades but the reason was
Consumers tripped. h reason for the bus

unknown. Plant-
Power to failure was not known. Of f -sit e

centered, design
NRC. 1/31/80 power was not restored immedi-

error ately so that the cause of the
relay failure could be investi-
gated. It was repcrted that
power crald have been restored in
30 mia

Pali- 12/11/77 h ~K* bus failed. Ia 1:30 hone reported 100 11d 77-54 h "R" bus became deenergised
and caused a loss of off-site

sades but the reason was power. The "R" bus tripping
unknown. Plant- scheme has been m>dified to avoid
centered, design error a loss of off-site power because

of spurious operation of the "R"
bus relays. C* f-site power was
not restored insediately so that
the rela;' f ailure could be
investigated. It was reported
that power could have been
restored in 30 min
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Pilgrim 4/15/74 Plant-centered. 111 345 kV-O:22 E ne reported 0 Boston Both 345-kV lines tripped because

Edison of lightning, but the 2FkV line
weather / lightning*

response to did not f ai t. One line was re-
hKC ques- stored in 22 min and the other
tionnaire in 1 h and 8 min
undated

Pilgrim 5/26/74 t'nknown 111 345 kV-1:19 kne reported 0 boston Both 345-kV lines were deener-
Edison gized, but the 23-kV line did not
response to fait. h cause of the failure
NRC ques- was not reported. Une line was
tionnaire restored in I h and 19 min and
undated the other was restored in I h and

21 min

Pilgrim 9/13/75 Faulty-breaker. 111 345 kV-0:26 None reported LJnknown Boston A faulty breaker caused both
Edison 345-kV lines to trip. h 23-kV

Plant -cen t e r ed .
hardware fatture response to line did not trip. One 345-kV

NRC ques- lice was restored in 26 min, and

tionnaire the other was restored in Ih
undated

Pilgrim 5/1/11 Faulted line. forest 111 34 5 k V-0: 31 One 345-kV line 32 aoston While one 345-kV line was out of

( fire. Grid-re la t ed out for mainte- Edison service for maintenance, the

nance response to second one was f aulted by a f or-

[ NkC ques- est fire. The 23-kV line was
I

tionnaire available throughout. N f aulted
| undated line was restored in 31 min
I

Pilgrim 5/10/77 Severe snow storm la 2.40-23 kV Mne reported 65 LER 71-21 A 345-kV line was f aulted when a
caused a static wire 9:40-345 kV snowstorm caused a static wire to

f all onto the feeder. N dis-
to falt onto 345-kV turbance caused Canal #2 fossilfeeder. Crtd failure,

unit and Pilgrim % clear Power
design error. and

Plant to trip. All of f-site power
weather was lost to Pilgrim because of

the system disturbance

Pilgrim 2/6/78 Wind and snow coated la 23 kV-8;54 kne reported 24 LEK 18-3 Severe w19de and heavy snow

insulators and caused 345 kV- caused 345-kV insulators to be
a flashover. Weather / 18:54 coated with ice which then caused

line faults. Insulator flashover
snow. storm caused a unit trip and loss of

off-site power. Power was
restored after the insulators
were washed with fresh water

Pilgrim 8/6/78 Lines tripped because !!! 345 kV-0:22 kne reported 100 Boston A lightning strike caused both

of lightning. Plant- Edison 345-kV lines to trip, but the

centered, weather / response to 23-kV line did not fall. Both

lightning NRC ques- lines were restored in 22 min
tionnaire
undated
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Table A.1 (continued)

Equipment
Re s t or ation unavailable Reac t o r

Plant Event Equi pment failure t i me at the time powe r

na me date and cause of failure Category (h: min) of the event (1) Re f e rence s Description of event

Pilgrim 7/27/79 Lines t ripped because III 345 kV-0:14 None re po r t ed 100 Boston A lightning strike caused both

of lightning. Plant- Edi son 345-kV lines to trip, but the

cent ered, weather / response to 23-kV line did not fail. Bu t h

lightning NRC ques- lines were restored in 14 min
tionnaire
undated

Pilgrim 8/28/79 Lines t ripped because ill 34$ kV-0:16 None reported IDO Bos t on Lightning caused both 345--Y

of lightning. Plant- Edison lines to trip, but the 23-kV line

centered, weather / response to did not fall. Both lines we.e

lightning hMC ques- restored in 16 min
tionna.re
undated

Pilgrim 10/12/82 Salt spray during a 11! II:33 None re po r t ed 0 LER 82-51 heavy ocean storma caused 345-kV
store caused inouta- insulators to be coated with

tors to be coated with salt. The 345-kV system f ailed.

salt. The 14 5-k V but t he 23-kV line was available,

breakers opened. The 345-kV system was restored by
f}Plant -ce n t e red , washing the salt of f t he

we a t he r insulators

Pilgrim 2/13/83 Ice and satt caused an til Not Mone reported 55 EPRI The startup transformer was lost

electrical fault. reported telecon because of melting, salty ice on

Plan t -cen t e red . Its insulators. A portion of the

weather /tce 345 kV switchyard became deenec-
gised, the unit t ripped. and t he

diesels started. The 2 3-k V
alternate of f-site power source
was available throughout

Peach No complete losses or significant

Bottom partial losses of off-site
powe r

P31nt 2/?f71 All transmission lines Ib 0:08 None reported #1-0 Letter f rom A major ice store caused a loss

Seach we re lost and trans- 82 -un ! 1- Wisconsin of all transmission lines; trans-

former differential censed Electric f ormer dif f erential relays on

relays operated Power Co. to three transf ormers operated and

improperly. Weather / NRC II/16/79 caused the transformers to lock-
snow end hardware out. One off-site source was

restored aftee ' min, and all
three lines were restored in 6 h
and 22 min
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Point 10/13/73 A Itghtning mast fell 11 0:55 One trans- #1-0 Letter f rom A Itghtning maat fell on Unit 2

Beach on one t ransf orme r former and #2-at Wisconsin startup trsnsformwr 2XO3 while
while the other was gas turbine power Electric Unit 1 srartup tr ansformer IXO3

out of service. Plant- were unavail- Power Co. was out of servica. The diesels

centered, hardware able to NRC supplied the safeguards buses for

failure 11/16/79 both units, but Unit 2 continued
to operate. The gas turbine was
started af ter 55 min and supplied
power f or 4 h and 30 min at which
time transformer IX03 was |
returned to service

'

l

! Point 4/27/74 A 345-kV bus section !!! Mome nt a ry None reported Not Let ter f rom A maintenance error caused a 345-kV
Beach was isolated because reported Wisconsin bus section to be isoleted.

of a maintenance Electric The normal power source to Unit i

error. Plant- Power Co. was lost, so a fast transfer to

centered, human error to NRC the alternate of f-site source was

and design error 11/16/19 initiated. Before the transfer
was completed, undervoltage
relays tripped the buses and the
diesels started. The buses were
immediately reconnected to
of f-site power

k
Prairie 7/15/80 An electrical storm la 1:02 None reported #1-0 LER 80-20 Unit 2 tripped at 8:30 p.m.. but yo

Island caused transmission #2-100 of f-site power was not lost imme-

lines to trip. diately. An electrical storm

Weather / lightning, caused a loss of of f-site power.

The 161-kV line remained ener-plant -cent e red
gised at 801 voltage which was
unusable

Quad 11/6/77 A transformer f ault la 1:09 Dne 345-kV #1-at LER 77-37; A transformer feeding the canal

Cities caused loss of power line power letter from spray pumps f aulted and caused
to Unit 2. Plant- #2-at Commonwe.lth Unit 1 and Unit 2 to trip. One

centered, hardware power Edison to NRC transmission line remained in
failure 12/20/79; service supplying Unit 1. but

letter to Unit 2 was without off-site powe r .

W. E. Be r ge r . A cross tie between Units 1 and 2
Sargent and could have been closed manually

Lundy from to restore power to Unit 2
Commonwealth
Edison.
8/22/64

Quad 2/13/78 Undervoltage relays V 0:20 None re po r ted # 1- Letter from Undervoltage relays tripped of f-

Cities tripped buses. but startup Commonwealth site power sources to saf eguarda

transmission lines #2-0 Edison to buses, and Unit 1 tripped. The

remained connected. hRC 12/20/79 system dispatcher increased the
System design. grid grid voltage. Of f-stte power was

failure available throughout at a
degraded voltage

s

I 4

$
'
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Table A.1 (continued)

Equipment
Restoration unavailable Reactor

Plant Event Equipment failure time at the time power

name date and cause of failure Category (h: min) of the event (%) References Description of event

(Nad 6/22/82 Plant-centered human la 0:34 Unit 2 #1-53 LEK 82-12 The Unit 2 startup transformer

C1ttee error startup #2-100 was being removed f rom service

transformer for maintenance when an operator

was being error caused Unit 2 to trip.

removed Because the startup transformer
was deenergized when the main
generator tripped, Unit 2 lost
all of f-site power. Diesel
generators 2 and 1/2 started and
energized the emergency buses.
Diesel generator 1/2 tripped

I

while attempting to load a
| residual heat removal pump.
! Diesel generator 1 was down for
| maintenance, but Unit I did not
|
' lose off-site power. The auxili-

ary transformer was restored
af ter 34 min. A cross tie
between Units 1 and 2 could have

[been closed to reenergize Unit 2

Rancho 6/19/81 There was low voltage V Not None re po r t ed 0 LLR 81-34 High local electrical demand

Seco on the grid because of reportei caused the switchyard voltage to

decrease to 207-kV. The safe-
high local elect rical guards buses were transferred to
demand. Grid

diesel generators to maintain
operation 214-kV in the switchyard

kancho 8/ 7/dl %ere was low voltage V Not None reported 0 LER 81-39 High local electrical demand
caused the switchyard voltage to

Seco on the grid kcause of reported
decrease to 206-kV. This is

high local elect rical below 0.9 per unit for the 230-kV
demand. Grid system. The safeguards buses
ope ra t ion were transferred to diesel gener-

ators to maintain 214-kV in
the switchyard

No complete loases of significant
Robin- partial losses of of f-site power
son 2

St. 5/16/77 Grid instability la Eve n t 1- hone reported at power LER 77-26 A grid disturbance caused a reac-

Lucie caused two losses of 0:20 and tor trip. and subsequent low

off gtte power. Grid- Event 2- voltage caused a loss of off wite

system design 1:30 power. Voltage was restored to
normal after 20 min, but Ih
later of f-site power was lost

again
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Sr. 5/14/78 An electrician's Ib 0:08 None reported 0 LER 78-17 A design error and a human error

Lucie switching error and a caused an area-wide blackout in-
design error caused ciuding St. Lucie. An electri-

loss. Crtd-related clan was transferring lines at

design and human Pratt and Whitney substattoa and

error a loss of of f-site power resulted

at St. Lucte. One diesel was
down for maintenance. The unit
was being refueled |

|

Sales No complete losses or significant
partial losses of of f-site power ;

i

San 6/7/73 An improper ground in IV 4:59 "C" Auxiliary 0 Letter from When of f-site power was being

Onofre a test circuit caused transf ormer SCE to USAEC transferred. a ground in a test

a loss of pow-r. 7/6/73 circuit caused all of f-site power

Plant-centered, human to be los t . Diesel generator 1
and 2 were operating in paralleterror
DG 1 failed af ter 50 min of
operation and caused both DCs to
trip. DC 2 was reconnected in
1 min

San 4/22/80 An operator opened the IV 0:04 "C" muuttiary 0 LEK 80-38 A technician failed to block

Onofre wrung breaker. Plant- transformer, relays during maintenance and

cent sred. human error No. I DC. and caused a loss of off-site (
load sequencer power. Diesel generator 2 was pa

started manually but was not
connected because the operator
anticipated restaring off-site
power in a few minutes

San 11/22/80 Breskers were incor- Ib 15 s None reported 0 LER 80-38 Incorrect breaker alignment

Onofre rectly aligned. Plant- during a power transfer caused a

centered. human error loss of of f-site power. Both die-
sets started but were not loaded
because power was restored to the
original sotree

Sequoyah No complete losses or significant
partial losses of of f-site power

Summer No complete losses or significant
partial losses of of f-site power

Surry No complete losses or significant
Partial losses of of f-site power

Susque- No complete losses or significant

hanna partial losses of of f-site power

-

.

8
b 4

a
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Table A.1 (continued)

Equi pme n t
Res t o rati on unavailable Reac t o r

Plant Event Equi pment failure time at t he t i me powe r

name date and cause of fatture Category (h: min) of the event (1) Re f e rences Description of event

No complete losses or significantTrojan
partial losses of off-site power

Turkey 6/3/73 Turkey Point 3 tripped Ib 0:18 Turkey Point #3-73 Report to Trip of Turkey Point 3 led to a

Point and initiated a grid #1 and #2 #4- Florida Public system instability and a blackout

instability. Grid- were down f or un11- Service Com- of southern Florida

related design maintenance censed mission (FPSC)
(fossil on FPL dis-

units) turbances.
April 3 & 4
1973

| Turkey 4/4/73 Turkey Point 3 lb 0:!S Turkey Point i #3-73 Re po rt to A trip of Turkey Point 3 led to a

Point tripped and was down. 84- Florida Public system instability and a blackout'

initiated a grid Turkey Point 2 unli- Service Com- of southern Florida. The

instability. Grid- was limited censed mission (FPSC) sequence of events were sta11ar
related design to 220 MW on FPL distur- to those of April 3.1973

(fosait units) bances. April
3&4 1973.

Ln
bJ

Turkey 4/25/74 Turkey Point Units 16 lb 0:20 Startup 83-97 Letter from Maintenance personnel were work-

Point 4 t ripped and caused a transformer f4-98 FPL Fo USAr:C ing on startup transformer #4 and
grid instability. 84 5/3/74 caused a trip of both reactor

Plant-centered. human units. Unit 4 had no of f-site
power but it was unclear iferror
Unit 3 was being supplied of f-
site power. Off-site power was
restored to Unit 4 in -20 min

Turkey 6/28/74 Unite 3 and 4 tripped Ib 0:11 None reported 73-100 Letter f rom A grid instability in southern

Point because of grid #4-100 FPL to Federal Flor 1Ja caused a trip of Units 3

instabt!!ty. Grid- Power Commis- and 4 All of f-site power was

related, design sion 7/19/74 lost

Turkey 5/16/77 Turkey Point 3 la Event 1- None re por t ed #3-99 Letter f rom Turkey Point 3 tripped, and a

Point trip,-d. Shortly 1:02 #4-0 FPL to NRC subsequent line fault led to a

thereafter a line Event 2- 7/20/77 blackout of southern Florida.
Power was lost for 1 h and 2 min.fault caused a <2:00 f atted again af ter 37 min. and

system instab111ty. was restored less than 2 h later.
Grid-related design Turkey lcint fossil Units 1 and

2 tripped during the transient.
but a fossil unit was operating
7 min af ter power was testored
the first time and soon (time
not reported) af ter power was
restored the second time

I
-

.
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Turkey 4/4/79 Lines tripped because 111 1:05 None #3-0 FPL report Extended dry weather followed by
Point of salt and dust. 0:22 reported #4-90 4/25/79 strong winds and an increase in

Crtd failure, weather / 3:59 rev. 5/8/79 humidity caused a trip of all
dry weather and strong of f-stte transmission lines to
winds Turkey Point. Unit 4 tripped.

fossil Unit 2 tripped, but fossil
Unit I reduced its generation and
remained on-line supplying the
plant aux 111ary loads. The loss
of generation caused system
isolation and load shed. After
I h and 5 min one line was
reconnected. but it tripped after
3 min. A line was reconnected
22 min later but tripped siter
45 min. Power was restored a
third time af ter 3 h and 59 min

Turkey 8/ 3/79 Unit trip while start- 111 Unknown Unit 4 #3-100 IE Informa- Unit 4 tripped while the Unit 4
Point up transformer was startup #4-100 tion Notice startup transformer was out of

unavailable. Plant- transformer 79-25 service which caused a loss of
centered, design power to Unit 4. Imad shedding

relays shed loads for Unit 3
which was on a common bus. This
caused Unit 3 to trip. The die-
sels started, but of f-site power
was available to both units from
the Unit 3 startup transformer

Vermont 12/27/72 The startup trans- 111 11:22 Unit aux 111- 0 NSIC The startup transformer was iso-

Yankee former was isolated by ary trans- abstract of laced while it was supplying the

a differential relay former was VY opera- plant loads. The unit auxiliary

trip. Plant-cente red , out of ser- tions report transformer was unavailable

hardware failure vice because f or Dec. 72 because of a failure on 11/11/72.
of an earlier The Vernon hydro unit supplied

failure power to the Class IE buses

Yankee 11/9/65 Northeast blackout la 0:33 None reported 0 Letter from the blackout of the Nrtheast
( Kowe , caused a loss of Yankee Atoalc caused a loss of all of f-site

MA) power. Grid-re la ted Electric Co. power. A nearby hydro unit was
design to NRC used to reenergize the nuclear

3/11/80 unit

Zion No complete losses or significant
partial losses of of f-site
power

*Not included in the statistical analysis. See Sec t. 5.

_ _ _ _ . _ _ _ _ .

A _ -
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