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COLLECTION AND EVALUATION OF COMPLETE AND PARTIAL
LOSSES OF 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 staff.

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 tabilated for most of the operating
nuclear power plants. The tabulated int rmation 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,
but they have caused only one complete loss of off-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 ccllected 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
and duration of loss of off-site power combined wifh an estimate of
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 ftequengy of core melt can be estimated by using
the data on failure of systems“ independent of ac power.



OFF-SITE POWER SYSTEM DESIGNS

2,

The design information ccllected 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, hut, because of the
switchyard failures, power could not be cornected 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 lE 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 1E is defined in IEEE Standard 308-19:  as the safety classifica-
tion of the electrical equipment and systems that are essential to emer-
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 plaats in Table 2.1b for
further statistical analysis by the NRC. The ac power sources to a
anuclear 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 scurces, The normal power source to the Class IE buses may be a
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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

l.

2.

3.

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

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.

All off-site power sources are connected to the plant through
two or more switchyards cr 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.

CATEGORY II - Power sources for the Class lE buses during normal plant
operation

1.

2.

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

During normal operation the Class lE 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 lE
buses when the normal source of ac power fails and when the backup
sources of off-site power fail

1.

2.

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 lE buses as shown in Fig. 2.3 are
representative of this design feature.

If the normal source of ac power fails, there is one automatic
transfer but no manual transfers to preferrad or alternate off-
site power sources.

a. All of the Class lE buses in a unit are connected to the same
preferred power source after the automatic transfer of power
sources. The transfer of the Class lE buses from 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.




3.

4.

b. The Class lE 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.

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 lE buses in a unit are connected to one
preferred power source after the first automatic transfer.

b. The Class lE buses in a unit are cunnected to separate off-
site power sources after the first automatic transfer.

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 lE buses in a unit are connected to the
same preferred power source after the first automatic
transfer.

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




Table 2.1b.

Nuclear power plant off-site power system
design categories

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 Ja
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 ba
Dresden 2 2 1 3a
Dresden 3 2 1 3a
J. F. Farley 2 2 1
Js Ks 3 1 2b
FitzPatrick

Ft. Calhoun 2 2 1
Ft. St. Vrain 1 1 2
Ginna 2 Unknown Unknown




Table 2.1b ‘continued)

Plant Name

Category 1

Category 11

Category III

E. I. Hatch

Indian Point
2 and 3

Kewaunee
Maine Yankee
Millstone
Monticello

Nine Mile
Point

North Anna 1

North Anna 2

Oconee

Oyster Creek

Palisades

Peach
Bottom

Pilgrim
Point Beach

Prairie
Island

(Quad Cities

Rancho
Seco

H. B.
Robinson

St. Lucie

Generator
breaker

Unknown
3a
2b
2a

2a

ha

3a

3b




Table 2.1b (continued)

10

Plant Name Category I Category 11 Category III
Salem 2 2 2b
San Onofre 2 2 1
Sequoyah 2 1 4b
Surry 2 2 Unknown
Trojan 1 1 2b
Turkey 1 1 3a
Point

Vermont 3 1 3a
Yankee

Yankee 1 l « 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-
mation 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 cetegories. If there were significant questions about
a category, none was assignad, Where one off-site circuit was in one
category and another in a separate category, both categories were
included in Table 2.1b.

Design features affect the probability of having a loss of off-site
power. Plants that have electrically independent power sources from a
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
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-
ferred source fails. Power plants that have suffered loss of the unit
and preferred power sources but not of an electrically independent power
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.

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 lE
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 lE buses are
automatically transferred to a preferred off-site power source, Other
plants normally power the Class lE buses from a preferred source as shown
in Fig. 2.3. For the design shown in Fig. 2.3, a unit trip will not
cause the Class lE 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
1E buses is more important for plant-centered losses of off-site power
than for grid-related power failures because an equipment failure or
human error can prevent transferring to a preferred power source even
though the switchyard remained energized.

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-
mation on rights-of-way was obtained for three plants that have had
transmission lines damaged by torrados. A tornado or tornados near
Browns Ferry on April 3, 1974, caused significant damage to three 500 -kV
lines east of the plant and to one 500-kV iine and one 161-kV line south
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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, bat 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.



3. LOSS OF OFF-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 reconnecticn was the
information we needed. The events in Table A.l include information on
reconnection times and availability times when both were known.

The documented data 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.l. 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-site power. This group obtained addi-
tional information for several events.

3.2 EVENT DESCRIPTIONS

All complete and some selected partial losses of off-site power at
nuclear power plants through 1983 are described in Table A.l. The
entries in Table A.l 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-
ware malfunction. The column "Category” contains an evaluation of the
significance of each event. A description of each category follows:

- Category I. Failure of the preferred, alterrate and unit power
sources either when the reactor was at power or when ghutdown, but
1f the plant was shut down the loss would have occurred had the
plant been operating.

13
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a. Power was not restored within 30 min
b. Power was restored within 30 min
® (Category II. Failure of the preferred and alternate power sources.
The 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. Fallure of all off-site power during a cold shutdown.
These special maintenance conditions do not occur during or
immediately following operaticn.
® (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. Reactor
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.l are based on written reports and telephone
conversations with utility engineers familiar with the events. The event
descriptions in Table A.l 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 evints 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
Tablg 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 included until more than one transmission line
served these plants; Big Rock Point added transmission capacity in Hnrch
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 uses
the criticality dates for Nine Mile Point and Dresden.’ Plants with
only one connection to an off-site system were not included because they
are not tvpical and may bias the statistlcs. 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 9, 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* 6.2 21.2 24,2
Farley 6/77 0 35 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 ) 8.
Hatch 8/74 1.3 6.3 9.3
Indian Point 10/71* G4e2 9.2 12.2
Kewaunee 12/73 2 7 10
La Salle 4/82 0 0 1.7
Maine Yankee 9/72 3.3 8.3 I1:3
McGuire 1/81 0 0 2.9
Millstone 10/70 . T 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 1i/77 0 3.1 6.1
Oconee 2/73 2.8 7.8 10.8
Oyster Creek 4/69 6.7 2.7 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 %2 10,2 13.2
Prairie Island 8/173 2.3 Te3 10.3
Quad Cities 10/71 4,2 9.2 12,2
Rancho Seco 8/74 1e3 6.3 9.3
Robinson 7/70 5.4 10.4 13.4
St. lLucie 3/76 0 4.8 7.8
Salem B8/76 0 4.3 7:3
San Onofre 3/67 8.8 13.8 16.8
Sequoyah 10/80 0 0.2 3.2
Summer 8/82 0 0
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Table 3.1 (continued)

Operating Site years through
license

Name date 1975 1980 1983
Surry 5/72 3.6 8.6 11.6
Susquehanna 7/82 0 0 1.4
Three Mile Island 6/74 }s5 6.5 9.5
Trojan 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 7% | Ts? 10.7
Total 159.5 383.0 532.8

*See Sect. 3.4,




The site years were calculated for three time periods that were

to determine the change in frequency of loss of off-site power

ywwer time.
The period ending in December 1975 was selected because the events prior

to 1976 were not usually documented as well : they were later. [he

period beginning in January 1981 was selected to evaluate rece

performances of off-site power systems.
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Dresden 1 on 11/12/65+° 43

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 isviated. 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 lcad dispatcher would
not reconnect this line to Dresden because the sour:e 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 2/21/76°

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 5/17/831

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
purallel 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 faliled 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.




2

Indian Point on 7/13/77'8

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 control
room.

Indian Point on 6/3/80%%,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 8/10/762%»%2

Hurricane-force winds and salt spray without much rain to wash switchyard
insulators caused a complete loss of off-site power to Unit |1 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 |
was deenerigized to wash salt off the insulators. After the switchyard
was deenergized, Unit | was without off-site power for 1l 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 1 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 5/10/7723,2%

A snow storm caused a transmission line to trip, and subsequent trans-
mission system instabilities caused Canal 2 fossil plant and Pilgrim
Nnclear 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 2/6/782%4 25

Severe winds, heavy snow, and ice caused a complete loss of off-site
power, Intermittent line faults were caused by ice and sal* 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 apparently 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 Edfson 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 depos-
ited salt on insulators causing 345-kV line faults, but the 23-kV system
remained energized. The insulators were washed with fresh 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.




Pilgrim on 2/13/8327

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 2/5/71%27,%8

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 off-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 1 was at power when the trip occurred,
and Unit 2 was not yet licensed for operation.

Prairie Island on 7/15/80%°

A complete loss of off-site power resulted from an electrical storm and
degraded voltage. Unit 1 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. Power
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-
able. The 345-kV system was restored after 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 | 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 intermit-
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 after failures caused by cold weather storms usually does not take
long. For the cold weather storm 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.



5. FREQUENCY OF LOSS OF OFF-SITE POWER

The frequencies and durations of losses of off-site power vary among
plants because of the different plant distribution, switchyard, and
transmission systems designs and because of the different weather condi-
tions. However, point estimates of frequency versus duration for loss of
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 per-ormed 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.l but were not included in the
following statistical analysis because both had only one off-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.l). 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 oi.-site power rather than four. However,
the duration times of the losses were added for the statistical
analysis.

For Category I events, the numt:rs 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™ 1) No. (yr™h)
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 0.003 1 0,002
>9 9 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.l. 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.l are included in Sect. 3.2.
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Table A.l.

Complete and selected partial losses of off-site power through 1983

Equipment
Restoration unavailable Reactor
PFlant Event Equipment fallure i at the time power
name date and cause of fallure (ategory (h: wmin) of the event ) References Description of event
Arkansas YT A tornado caused i Not None reported #l-at Letter from A tornado damaged a 500-kV
Nuc lear transmission line reported power APSL to NRC line and caused a I6l-kV line
Ome fallures. Weather- 2- 6/11/80 to trip. The reactor tripped
related, grid fallure unlicensed when the 500-kV line failled
Aarkansas ie/78 Auto transformer pro- la 1:29 None reported #i-100 APaL Unit | tripped and ite loads
Nuc lear tection was not set #2-hot response to transferred to startup transfor-
One for two unit opera~ standby NRC questions mer #l. 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
auxiliary losd for transferred 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 extended time.
The operators did not shed load
and Unit 2 buses tripped on
undervoltage. Unit | continued
to receive power from startup
transformer #2
Arkansas &/ 7/80 A tornado caused s -0:22 None reported £1-100 letter from Tornado damage caused the loss of
Nuc lear the loss of all but 02-0:%2 2-100 AF&L to the Fr. Smith 500-kV line. The
ne one line. Crid NRC 6/11/80 Mabelvale S00-kV line failed
fallure S7-min later because o: the tor-
nado. The startup transformers
were 1lable i of relay
faillures 1o the switchyard.
Power was avallable from the
161-kV switchyard and could have
been connected within | min. The
diesels suppiied power to the
emergency buses
Arkansas 6/ 24/ 80 A 500-kV Line fault I - None reported #1-100 letter from The 500-kV Mabelvale line tripped

Suc lear

and resulting over-
load ceused & grid
fallure

$2-92 APSL to
NRC 7/31/80

on ground fault and the Fr. Smith
line opened at the Fr., Samith end.
One 161-kV line tripped on over-
load, but one remained connected.
Subsequent ly, the autotransformer

"t



Dhane
Arnold

Seaver
Valley

Sig
Rock
#olint

&1 owns
Ferry

Br swns
Ferry

1/28/ 7%

-

¥

¥

Fault ian main trans-
former. Maln genera-
tor outl-ol-step relay
subsequent Ly tripped
all off-sile power
sources. Flant-
centered, hLardware
tatlure

Power from |38-kV
failed decause of high
winds and & subsequent
relay failure. Trans-
fer relay ta plant
fatled to transfer
poser.
hardware falluge

Tornados caused
the loss of several
transaission lines.
Weather toraadn,
qrid

ice storm caused
loss of I8i-aV
systes. weather/
fce, stors

Plaat ~centered,

it

it

Gza7 None reported

0:20 None reported
20 n ne SO0-&V
tor Isl-&kV line was out
Line of service

006 None reported

100

Ar power

e1-92
#2-unit-
censed
#J~anli-
censed

Pl-re~
tueling
2-0
#3-at
power

LER 78~43

Letter from
Consumers
Power Co, to
NRC W M2

letter from
TVA to USAEC
A 19/ 76

LEK BO-19

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 Unic |

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

A fault In the main transformer
caused a generator trip. As the
generator was ing down, a
faulty out-of -step relay caused
all 345-kV line breakers and
three 138~kV line breakers to
open. The Shippingport power
station was isolated as the only
power source, but It was tripped
on overload. A diesel generator
failed to start

High winds and 1ce caused “gal-
loping conductors”™ in the |38-kV
system causiog momentary line
faults. On the thirteenth opera-
tion, a trip coll burned ocut. The
plant did not transfer to the
“b-kV system because of a falled
relay. It required I h to
restore the 46-kV line. Power
was restored to the l38-kV
system in 20 min

Four of five 500-kV lines and one
of two 161-kV lines failed be-
cause of tornado damage. Several
towers were down on each line.
Untt | tripped, but off-site
power was availabdble from the
remaining 16i-kV line

An lce storm caused the loss of
both 16i-kV lines. Power was
provided by backfeeding through
Unit | maln transformer. Unmit 3
did not trip

St



Table A.1 (continaeed)
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Equipment
Restoration  unavallable Reactor
Flant Event Squipment fallure time at the time power
name date and cause of fallure Category (h: min) of the event (83 References Description of event
Sruns~ 375 Grounding connections i» 004 Two 230-k¥ #l-not AO=75-5 Five 230-kV lines were supplying
wick 2 were improperly buses were licensed 230~V buses 1A and 2A. A 230-kV
designed. A line down for 22-0 line fault ceused a differen-
fault initiated pro- maintenance tial curreat relay to operate
tection relay actua- and open breakers to all 230-kV
tion. Flant-ceateved, lines. The relay operated
design evvor because of lmproper ground con-
nections for the differeantial
current transformers
Sruns~ &/ 26/83 Maintenance during a iv e:8? One trans- -0 LER 8323 Unit | was shutdown for refuel-~
wick plant shutdown caused tormer feeder L 24 ing with one of its switchyard
the one remaining down tor startup buses out for maintenance. The
feeder to trip. Plant~ saintenance remaining bus to Unit | tripped
centered, humen errvor and all off-site power was lost
to Unit I. Unit 2 did not lose
otf-site power. The switchyard
bus is not taken out of service
during wormal operation
Calvert &AALTE Protective relaying (483 Not None reported #i-i0 LER 78-26 Protective relaying in the 500-kV
Clifes deenergized a vital reported 0?2-7% switchyard deenergized 4-kV
bus. Plant-centered, Bus 1l. Diese!l generator |l
harduare failure automatically started but its
output breaker did not automati-
cally close., The diesel genera-
tor breaker was manually closed.
Uff-site power remained
available to the switchyard, but
a manual t fer was required to
reenergize plant loads. Both
reactor units tripped. The plant
loads were manually reevergized
Calvert LR S Ty A protective relay la $:50 None reported #l-80 LER 78-20 During upgrade of a battery char-
Clitts operated erronecusly 22-50 ger, a short occurred and protec-

causing & loss of off-

site power. FPlant~
centered, desigm
ervor

tive relays to the 500-kV switch-
yard operated because of a sneak
circuit, All off-site power was
lost. Troubleshooting umed
most of the outage time. Relay
modifications have been made to
prevent inadvertent operation of
the relays. Diesel generator 1l
falled to start




i

ticut

ticut

&/27/68

7115769

119472

LI T7s

6/26/76

NS

Relay test switch set b
taproperly duriog

switching. Plant-

centered, human ervor

Protective relays were s
not defeated for a

line belog takes out

of service. Plant-
centered, human error

Lightning strike v
caused a loss of both
1i5-kV lines. WwWeather-
related, plant-

centered

A fauited line and s
tncorrect relay opera-

tion caused power

loss. Plant-centered,
weather/ice and hard-

ware fallure

Induced voltage caused i»
inadvertent operation

of protective relays.

¥lant —centered, destign
ervor

A fault in a cable i
was caused by a poor

splice. Plant-

centered, human error

0:29

0:09

O

0:20

Unit~-3:58;
preferred-
73:08

One 115~kV 100
iine down for
saintenance

Nene reported 100

None reported 100

None reported Not
reported

One 115 &V (4]
line and one
station ser-

vice trans-

former

None reported #1-5
#2-unlt-
censed

letter from
CYAPC to NRC
T/24/69

letter from
Northeast

Utilities to
NRC 12/27/719

AO 74-3

LER 76~14

letter from
indlana and
Michigan
Electric Co.
to USNRC
1/3/80,

LER 75-5%

A human error caused the 1 s
of a line while the otner was
down for maintenance. The reac-
tor tripped. All three diesels
tripped, but were restored
immedliately

Operator switching ercror while
taking one 115-kV line out of
service caused the second 115-kV
line to trip. The main generator
is connected to & 3I45-kV switch-
yard but the loss of the 1I5-kV
switchyard will cause a plant
trip becsuse the unit auxiliary
transformer does not have the
capacity to supply the total
plant load. Ome diesel generator
did not pick up load

Lightning caused the loss of all
off-site power

A lightning arrestor faulted dur-
ing an ice storm, and a relay in
the plant falled. Diesel genera-
tor A service water pump falled
to start sutomatically

When a line that had been out of
service was being restored, pro-
tective relays operated and

caused a complete loss of off-site
power. Hestoration time en-
compasses the Cime power was
restored, falled, and restored
three separate times

Unit | was in wode 2 and
recelving auxiltiary power from
the preferred power source. A
fault caused the preferred power
source to trip, but the 69-kV
alternate off-site power source
was unaffected. Power was back-
fed after 3 h and 58 min by
removing the generator links.
The preforred power source was
restored after 73 h and 6 min

L



Table A.1 (continued)

Equipment
Restoration  unavalladble Reactor
Plant Event Equipaent failuve time at the time power
ame date and cause of fatllure Category (h: min) of the eveat (23] Reterences Description of event
Cook wun A lightaing strike and 1881 Prefervred- None reported  #1-100 LEX 77-30 A lightoing strike caused a lipe
& breaker fallure :11 2-unll- fault which was followed by &
caused the preferred censed breaker failure. Breaker failure
power scurce to fail. relays isolated the 345~ and 765~
A second lightning &V sources from the perferred
strike caused a unit power source trains. A second
trip. Plant-centered, lightning strike caused a unit
Lightning trip. The 69-kV alternate
oft-site power source remained
availahle
Cooper 22178 A fault and subsequent [ 59 0:29 None 85 Nebraska During blizzard conditions, a line
false relaying caused Public fault occurred. False relaying
loss of power. Power Dis- opened breakers to two lines, and
Weather/wind, snow, trict letter the reaaining line was tripped by
and lightniag to NRC, an out-of-step relay. This
12/14/79 caused a unit trip and loss of
prefervred power, but the 69-kV
alternate source was automatically
coanected to supply power
Crystal &/ le/8) Lightating strike (359 Not None reported 100 LER 81-33 A lightning strike and a light-
River 3 and arrestor falluve reported ning arrestor fallure caused the
caused loss of a loss of & startup transformer
startup trsasformer. The B diesel generator falled,
weather /lightalng, but off-site power from the
fossil plant-centered fossil plant startup transformer
was manually connected to
provide power to the B diviston
Davis— L/ Aa operator switching ni its None reported  Startup LER 77-98 After a reactor trip, an operator
Besse error ceused a somen— opened the mals generator
tary loss of off-site breakers and attempted & manval
power. Plant~ transfer of power. The procedure
centered, Ruman error was incorrect and a loss of power
occurved until a manual transfer
was sade 11 s later. A diesel
tripped on overspeed.
Davis~ WIS/ A dresker muffier rup- i» 0:26 None o0 LER 79-96 The Integrated Control Systeam
Sesse tured and caused a reported failed and caused & reactor trip.

transsission line
short. Plant-ceatered,
hardware fallure

Subsequently, a clrcult breaker in
the switchyard falled and caused
a loss of off-site power. One
bus was reenergized after 26 ain
and the second bus after 43 min.
A service water pump did not

start sutomsatically



2. N
Farley

I. A.
Fitz-
Patricx

I Ao
Fitz~
Patrick

Fe.
Calhoun

LI/ 12785

9 18/77

10/8/83

/sl 78

W2V

YViIwrs

A tornado caused all
off-site power to fatll.
Weather/tornado grid
fatlure

Weather/lightaing,
plant-centered

A breaker fallure
caused two startup
transformers to lose
power while unit was
shutdown., Plant~
centered, hardware
tatlure

A msintenance error
caused a loss of
off-site power. Plant-~
centered human ervor

During saiatenance,
protective relays
actuated and cassed a
loss of power. FPlant-
ceatered, human =rror

Trensformer protective
relays falled “ecause
of msolsture In & junc-
tion sox. Plant-
centered, hardware
fatlure

la

v

v

“:00

0:54

2:45

L3

a:0%

(SR

One 230-kV
line. Two

open to iso—
late the sain
denerator

None reported

None reported

Malntenance
was belng
performed on
transformer
relays

The 161~V
line to Ft.
Calhoun was
down for

aaltenance

100 letter from
Com Ed to
NRC 12/29/79,
I8th Amer.,
Power Conf.

#1 -startup LER 77-12
#2~unkaown

- Telephone
unknown conversat lon
72-0 (EPRI)
o Letter from
PASNY to
NRC 4/18/80
o LER 79-2)
0 A0 757
and EPRI

Startup transformer was reene -
glzed after 2 h and 45 min, but
the operators decided not to
reconnect of f-site power until
the second startup transformser
was reenergized, which was 3 b
and 17 min after the failure
vccurred

A grounding bi_aker was
installed tmproperly for testiag
and caused off-site power to
trip. Power was restored asuto-
maticaily in 14 s

A mai error d a loss
of off-site power during a cold
shutdown, Ome diesel was down
for malntenance

A transformser tripped because of
faulty protective relays and
caused a loss of off-site power.
One diesel generator falled to
automatically close onto the
emergency bus, but it was manually
connected. Off-site power could
have been restored sconer 1if
required. The unit was belug
refueled.

6€




Diesel A was &

Table A.l (continued)
Equipment
Restoration unavailadle Reactor
*lant Event Equips fatlure time at the tiase power
came date and cause of fallure Category (h: wmin) of the event 1) Reterences Description of eveat
Fr. 202/ A stors caused a la D56 None reported At power letter A 16l-kV line tripped during &
Calhoun IS1-&V line fault and trom Omaha storm, but the emergency buses
pover 4id not trans-— Public Power did not transfer to the alter-
fer. FPlant-centerved, District to nate power source. The uoit
nardwate fallure NRC 3/20/80 tripped on low reactor coolant
flow
Fr. &2 A 161-kV line tripped, In €0:01 None reported At power letter from A faulty relay in the 161-kV
Calhoun buses falled to trans- OFPD to NRC switchyard cavsed a loss of
fer and the unit 3/20/80 power from this switchyard.
tripped. Plant- Two buses falled to trausfer
centered, hardware and the unit tripped causing
fatlure a loss of off-site power
Fore St S8y Snow and wind caused & 1a 1:45% None reported 9 LER 8318 Snow and wind caused problems
Vrain loss of off-site power. with the off-site power system.
Weather snow and wind, Diesel I8 vas started and con-
grid tatlure nected in parailel with the off-
site power systen.
out of service for msintenance.
A loss of off-site power
occurred, and diesel B overloaded
and tripped. The plant was without
all ac power for 25 min
until diesel 18 load shedding
relays were reset and on-site
power was restored. Dlese! 1A
was returned to service 45 ain
after the power fatlure. The unit
was in cold shutdowm prior to the
power fallure
orand N complete losses or significant
Gulf partial losses of off-site power
[ Y va'n A Ja. 5~&V bus section la UES None reported o lLetter _rom A section of the . lent siding
shorted. Plant- Rochester Gas  (facade) fell onto a 3. 5kV bus
centered, human error and Electric section causing a short circuit.
Corp. to NRC The siding had been attached with
s/ m» the wrong clips. The unit was in

cold shutdown when the fallure
eccurred



Ginna 10/21/73 After one 115-&V line la 0:40 One 115-kV LA letter from When one of four L15kV trans-
was removed from ser- line was out RGE Corp. to sisslon lines was removed from
vice the remalning of service NRC 11/15/79. service the remsiaing three
lines overloaded. plcked up additional losd. As
Grid-related, design the lines heated they sagged, and
error one shorted to & 34.5-kV line

below it on the same tower. The
resulting transient caused the
remaining lines to trip

wtnna LY " T A breaker faulted i Not Noase reported 95 LER 81-7 A fault in & breaker caused a
and caused the A, S-&V reported loss of the 34.5-kV off-site
source to fatl. source. The diesel generators
Flaat ~centered, energlzed the emergency buses.
hardware fatluve The unit 414 sot trip, but it had

s 102 runback
£ L No complete losees or significant
Hatch partial losses of off-site

power

Humboldr /11 Switching error. n 0:48 None reported  Unknown Abnormal Seitching error at Humboldt Bay

Say* Plant ~centeved, bstaticn and bsequent relay
humss error report. faliures at two locations caused

Report date a loas of off-site power.
ware (Info-mation for this event was
spar.

Humbo ! 4t /2770 Storm s G l4 Noae reported  Unknown Unit Opera- A storm caused & luss of off-

Say* tions rpt. site power, one line was out of

-1, service for 14 min, but the other
2970, PGRE, line was out for 28 h, (Infor-
van mation for this evert was sparse)
/ S la Lnk Lnk g Telecon with The “Lreat Northeast Blackout™
:::::.l' i —— utilicy caused a loss of off-site power
B 7 - 9:5% Near trans- #1-95 letter from A grid fallure caused a loss of
S s SRR At i e - du:- line °?2-0 Con B4 to NRC off-site power. The cause of the

Point

Cause was not
reported

was out of
service.

¢ unit~

&

failure was not reported. Fuel
had been unloaded from Umit 2

18



Table A.1 (contimued)

Equipment
Restoration  unavallable Keactor
Plant Event Equipment fallure e ar the Time powe r
A fate and ceuse of fallure Category (h: min) of the event (4] Heferences Description of event
ladian v Lighting strikes ia &:28 None reported #1-0 lLetter from Teo separate lightalog strikes
Pogat caused lise fallures -9 Con €4 to SMC  led to grid fatlure., Since 1975
and grid fatlure. a/8/72 there have been two gas turbines
Weather lightaing, at neardby Buchanan substation
grid fatlure VIl W and 16 W) and one gas
turbine at lodian Polnt (16 M)
all of which are coatrollable from
the Unit 2 control room. AT
the time of this event, two of
the gas turbines were down for
maintensnce and the third failed
because of & msifunctioning velit-
age regulator. Siace (980, Tech
Specs require that one gas tur-
bine be available at sll times.
Unit I was in cold shutdown
indian LR Lightning sirike ia 1:4% None reported #I-100 LER 8O-¢ A ground w.re fell and faulted
Point caused & ground wire *3-00 & 80-8 four |38-kV feeders. Unit I
to fell cate feeder. tripped, but Unit 3 continued to
Flant ~centetred, operate with diesel geoerators 31
weather lightaing and 33 supplying power to &80~V
buses., Two gas turbdices at
Buchanan, & neardy substation,
were operating when the fault
occurred, but they tripped. Une
of the gas turbines was restarted
but aot losded prior to testore-
tion of the off-site power lines
indtan N ] Faulty relay coused » 1184 ot None Tepurted | #1-0 Telecon The |38-4V feeder to the station
Palnt ioss of preferred reported *3un- with aoxililaries was deenerglied
powmt. Flant-centered, Pe— EPul ecause of & fauity relay. The
hardeare tallore ors the buses
i15 min. The |34V slternate
off-site power source was svall-
able throughout
atne &/ Transtoraer failure ne DEUTY Not reperted 7 S lear Fallure of one of two mals power
Yauare cavsed & enit trip and et trensformers caused & unit trip
depression of woltage. experience and depressed the voltage trom
Plant centered, hNard- &/ 3/83 the preferred power source.

ware fallere

sutosatic traasfer, so the diesel
generators started and loaded.
Operators sanceally closed the
preferred power source Dreakers
within spprosimately | min

v




2w

i

Malne T/2/8%

wil- Ti2uTe
stone 2

mill- & i 7e
STone

Ugntaing strike
cansed a lise trip.
Flant ~ceatered,
weather lightuing

Lightning strike
caunsed & lioe trip.
¥lant ~ceatered,
weather 'lightning

Undervoltage telays
tripped off-site and
sn-site power. Plast-
centered, Sesign

ervor

A hurricane caused
salt spoay te goat
insunlators «ith salt
which caased 2 flash-
aver. PFlaat -centered,
design and weather
hutricane

i1

15 k- me §15-kV
3:45 line
15 k- me L15-kV
0:04 line
s None reported
S:00 Nope reported

00

o0

Pi-a5
°2-100

LER 8314

LER 8325

NNECQD letter
to NRC,
12T,
and RO
Te~-42

LER Te-49,
EPRL, and NE
Urtltties
telecon

No complete losses or significant
partial losses of off-site

problems. On 7/21/76 a 1500-hp
motor was being started, and the
resultiog voltage drop caused the
off-site power to trip. The die-
sels started, but when a large
pump was being started, the safety
loads tripped on undervoltage.

The undervoltage relays were reset
to a higher value and the safety
loads were reconnected

Hurricane Belle caused salt spray
to be blown into the Milistone
switchyard and coat transmission
line tasulators with salt. There
was not esough rain to wash the
insulators, so fault currests
flowed through the salty lasula-
tors. Both off-site sources to
Unit | were unaveiladie for 5 h.
After the 5h interval, the 3a5-k¥
switchyard was being ¢leared of
salt but could have been restored
if necessary. The seitchyard has
been reinsulated to pretect
against this probles

£y




Table A.l (continued)
Equipment
Restoration wnavailable Reactor
Plant Event iquipment fallure T ime at the time powe r
e date and caswe of fatluve ‘ategory (h: min) of the event %) References Description of event
-il- Luw Az opetator deeser— i Q None reported 106 NRC/AEOD A switching error in the dc sys~
ST one gized one dc bus. report, tem led to a reactor trip, loss
2 Plant —centered, oper~ L1/81 of breaker contrel, and loss of a
ator etvor, and design diesel. The second diesel trip-
ervor ped ‘rom another cause, The
aaln generator breakers did aot
trip decause of loss of dc power
Soati- &inm A opeTAter Tacked out i» 8:15% None reported Not LeR 81-9 An operator caused a dus fault
cells & Sreaker ender load. reported when he racked out a breaker
Flant ~centered, human under load and ceused a short
error and design error clrcult on the bus. Power to the
4~kV essential buses falled
sithough 1t was still available
in the switchyard. The relaying
has been redesigned so that both
buses will not trip when only one
is faulted
Wine IMET/TY An electrictan dumped i 10s One 115V Startup Letter from An electriclan working on a llase
"sle a relay cabloet and Line from NNP Niagaras out of service caused the remaln~
Poine cassed protective to Fite- Mohawk Fower iag line to trip. The diesels
relays to operate. Fatrick Cotp. suppiled power to the emergeacy
Plani~centered, human /2w buses although the [I15-kV breaker
ervor reclased in 10 s
Nine ES0 L 5] Faulty relay opera~ it 10 s One 115wV 99 LER #2-4 One 115-kV line was removed from
Wile tion. Plant-centeved line service and the second I15-kV
Poiag hardggre fatlure iine failed during breaker test-
ing. The diesel generators
started vhen the preferred power
falled, bus tihe unit did not
trip
Boeth bRl 5 T Transforaer fault and il Not None reported #1-100 SRC internal A sain transformer faulted,
Anna five. Plant-centered, reported -8 sea0 trom started a filce, and caused Unit 2
hardware fatlure 8, Engle to to trip. Transformer oil burned
T. M. Novak and d nitrogen bottles to
17el31 explode. After I8 min, the fire

melted open bus bars which supply
easrgency power to both units.
Uiesels M and 1) started and
restored power to the two emer—
gency buses, one emergency bus in
each walt did not lose off-site
power

P ——



B e T B e T~

ICoaee

Oyster
Creek

Ovster
Creek

LalTs

Yea/7

/83

Induced voltage ia a
protective relay cable
caused relays to oper—
ate. Piant-centered,
design error

Differential relays
for teo breskers were
miswired. Plant-
ceatered, human error

Switchyard fire caused
iine fallure. Plant-
centered, hardware
fatlure

e

i

(421

1:00
for
230 wv

None reported

Noet reported None reported

34,5 kV-4 1

None
reported

n-o
072-75
#i-unlt-

14

letter from
Duke Power
Company to
USAEC

1/re/ 74

lLetter from
Jersey Central
Power Light
Co. to USAEC
9/18/73

Telecon
with EPRI

An induced voltage in a breaker
failure relay cable caused the
230-kV switchyard to be isolated.
At the time of the event, Keowee
#! was generating 80 MW; it was
isolated from the grid to provide
power to Oconee. The 100-kV line
was available. An attempt to
connect the 100-kV line 30 s
after the faillure vas not success—
ful because the Emergency Power
Switching Logic was automatically
connecting the Keowee units to
supply power., The 100-kV line was
subsequent ly used to supply off-
site power. The status of the
three gas turbines at Lee Steam
Station, which can be dedicated to
Oconee, was not reported

When power sources were being
transferred from a unit suxiitfary
transformer to startup transform—
€rs, two breakers tripped

because of a control wiring
error. Uifferential relays
tripped feeder breakers each time
a crndensate pump was started.
Power was avallable in the
switchyard, but 4160-V breaker
operation inhibited using it.
Restoration was accomplished by
resetting lockout relay and
reclosing breakers. Both diesels
fatle’ to start once because the
start circults had not been reset

The unit was shut down and the
generator links had been removed.
A fire in the 34,.5-kV switchyard
caused one of two startup trans—
formers to fatl. Carbon deposits
caused arcing so the 34.5-kV
switchyard was deenergized to
clean the insulators. The 3a5-kV
yard probably could have been
reenerglized at any time. A mobile
substation was dispatched to
Oyster Creek and could have been
on-line in approximately 4 h
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