6. The August 14 Blackout Compared With
Previous Major North American Outages

Incidence and Characteristics
of Power System Outages

Short, localized outages occur on power systems
fairly frequently. System-wide disturbances that
affect many customers across a broad geographic
area are rare, but they occur more frequently than
a normal distribution of probabilities would pre-
dict. North American power system outages
between 1984 and 1997 are shown in Figure 6.1 by
the number of customers affected and the rate of
occurrence. While some of these were widespread
weather-related events, some were cascading
events that, in retrospect, were preventable. Elec-
tric power systems are fairly robust and are capa-
ble of withstanding one or two contingency
events, but they are fragile with respect to multi-
ple contingency events unless the systems are
readjusted between contingencies. With the
shrinking margin in the current transmission sys-
tem, it is likely to be more vulnerable to cascading
outages than it was in the past, unless effective
countermeasures are taken.

As evidenced by the absence of major transmis-
sion projects undertaken in North America over
the past 10 to 15 years, utilities have found ways to
increase the utilization of their existing facilities
to meet increasing demands without adding sig-
nificant high-voltage equipment. Without inter-
vention, this trend is likely to continue. Pushing
the system harder will undoubtedly increase reli-
ability challenges. Special protection schemes
may be relied on more to deal with particular chal-
lenges, but the system still will be less able to
withstand unexpected contingencies.

A smaller transmission margin for reliability
makes the preservation of system reliability a
harder job than it used to be. The system is being
operated closer to the edge of reliability than it
was just a few years ago. Table 6.1 represents some
of the changed conditions that make the preserva-
tion of reliability more challenging.

Figure 6.1. North American Power System Outages,
1984-1997
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Source: Adapted from John Doyle, California Institute of
Technology, “Complexity and Robustness,” 1999. Data from
NERC.

If nothing else changed, one could expect an
increased frequency of large-scale events as com-
pared to historical experience. The last and most
extreme event shown in Figure 6.1 is the August
10, 1996, outage. August 14, 2003, surpassed that
event in terms of severity. In addition, two signifi-
cant outages in the month of September 2003
occurred abroad: one in England and one, initiated
in Switzerland, that cascaded over much of Italy.

In the following sections, seven previous outages
are reviewed and compared with the blackout of
August 14, 2003: (1) Northeast blackout on
November 9, 1965; (2) New York City blackout on
July 13, 1977; (3) West Coast blackout on Decem-
ber 22, 1982; (4) West Coast blackout on July 2-3,
1996; (5) West Coast blackout on August 10, 1996;
(6) Ontario and U.S. North Central blackout on
June 25, 1998; and (7) Northeast outages and non-
outage disturbances in the summer of 1999.
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Outage Descriptions
and Major Causal Factors

November 9, 1965: Northeast Blackout

This disturbance resulted in the loss of over
20,000 MW of load and affected 30 million people.
Virtually all of New York, Connecticut, Massachu-
setts, Rhode Island, small segments of northern
Pennsylvania and northeastern New Jersey, and
substantial areas of Ontario, Canada, were
affected. Outages lasted for up to 13 hours. This
event resulted in the formation of the North Amer-
ican Electric Reliability Council in 1968.

A backup protective relay operated to open one of
five 230-kV lines taking power north from a gener-
ating plant in Ontario to the Toronto area. When
the flows redistributed instantaneously to the
remaining four lines, they tripped out succes-
sively in a total of 2.5 seconds. The resultant
power swings resulted in a cascading outage that
blacked out much of the Northeast.

The major causal factors were as follows:

¢ Operation of a backup protective relay took a
230-kV line out of service when the loading on
the line exceeded the 375-MW relay setting.

¢ Operating personnel were not aware of the
operating set point of this relay.

¢ Another 230-kV line opened by an overcurrent
relay action, and several 115- and 230-kV lines
opened by protective relay action.

¢ Two key 345-kV east-west (Rochester-Syracuse)
lines opened due to instability, and several
lower voltage lines tripped open.

¢ Five of 16 generators at the St. Lawrence

(Massena) plant tripped automatically in
accordance with predetermined operating
procedures.

¢ Following additional line tripouts, 10 generat-
ing units at Beck were automatically shut down
by low governor oil pressure, and 5 pumping
generators were tripped off by overspeed gover-
nor control.

¢ Several other lines then tripped out on
under-frequency relay action.

July 13, 1977: New York City Blackout

This disturbance resulted in the loss of 6,000 MW
of load and affected 9 million people in New York
City. Outages lasted for up to 26 hours. A series of
events triggering the separation of the Consoli-
dated Edison system from neighboring systems
and its subsequent collapse began when two
345-kV lines on a common tower in Northern
Westchester were struck by lightning and tripped
out. Over the next hour, despite Consolidated Edi-
son dispatcher actions, the system electrically
separated from surrounding systems and col-
lapsed. With the loss of imports, generation in
New York City was not sufficient to serve the load
in the city.

Major causal factors were:

Table 6.1. Changing Conditions That Affect System Reliability

Previous Conditions

Emerging Conditions

Fewer, relatively large resources

Smaller, more numerous resources

Long-term, firm contracts

Contracts shorter in duration
More non-firm transactions, fewer long-term firm transactions

Bulk power transactions relatively stable and predictable

Bulk power transactions relatively variable and less predictable

Assessment of system reliability made from stable base
(narrower, more predictable range of potential operating
states)

Assessment of system reliability made from variable base

(wider, less predictable range of potential operating states)

Limited and knowledgable set of utility players

More players making more transactions, some with less
interconnected operation experience; increasing with retail

access

Unused transmission capacity and high security margins

High transmission utilization and operation closer to security
limits

Limited competition, little incentive for reducing reliability
investments

Utilities less willing to make investments in transmission
reliability that do not increase revenues

Market rules and reliability rules developed together

Market rules undergoing transition, reliability rules developed

separately

Limited wheeling

More system throughput
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¢ Two 345-kV lines connecting Buchanan South
to Millwood West were subjected to a phase B to
ground fault caused by a lightning strike.

# Circuit breaker operations at the Buchanan
South ring bus isolated the Indian Point No. 3
generating unit from any load, and the unit trip-
ped for a rejection of 883 MW of load.

¢ Loss of the ring bus isolated the 345-kV tie to
Ladentown, which had been importing 427
MW, making the cumulative load loss 1,310
MW.

¢ 18.5 minutes after the first incident, an addi-
tional lightning strike caused the loss of two
345-kV lines, which connect Sprain Brook to
Buchanan North and Sprain Brook to Millwood
West. These two 345-kV lines share common
towers between Millwood West and Sprain
Brook. One line (Sprain Brook to Millwood
West) automatically reclosed and was restored
to service in about 2 seconds. The failure of the
other line to reclose isolated the last Consoli-
dated Edison interconnection to the Northwest.

¢ The resulting surge of power from the North-
west caused the loss of the Pleasant Valley to
Millwood West line by relay action (a bent con-
tact on one of the relays at Millwood West
caused the improper action).

¢ 23 minutes later, the Leeds to Pleasant Valley
345-kV line sagged into a tree due to overload
and tripped out.

¢ Within a minute, the 345 kV to 138 kV trans-
former at Pleasant Valley overloaded and trip-
ped off, leaving Consolidated Edison with only
three remaining interconnections.

¢ Within 3 minutes, the Long Island Lighting Co.
system operator, on concurrence of the pool dis-
patcher, manually opened the Jamaica to Valley
Stream tie.

¢ About 7 minutes later, the tap-changing mecha-
nism failed on the Goethals phase-shifter,
resulting in the loss of the Linden to Goethals tie
to PJM, which was carrying 1,150 MW to Con-
solidated Edison.

¢ The two remaining external 138-kV ties to Con-
solidated Edison tripped on overload, isolating
the Consolidated Edison system.

¢ Insufficient generation in the isolated system
caused the Consolidated Edison island to
collapse.

December 22, 1982: West Coast Blackout

This disturbance resulted in the loss of 12,350
MW of load and affected over 5 million people in
the West. The outage began when high winds
caused the failure of a 500-kV transmission tower.
The tower fell into a parallel 500-kV line tower,
and both lines were lost. The failure of these two
lines mechanically cascaded and caused three
additional towers to fail on each line. When the
line conductors fell they contacted two 230-kV
lines crossing under the 500-kV rights-of-way, col-
lapsing the 230-kV lines.

The loss of the 500-kV lines activated a remedial
action scheme to control the separation of the
interconnection into two pre-engineered islands
and trip generation in the Pacific Northwest in
order to minimize customer outages and speed
restoration. However, delayed operation of the
remedial action scheme components occurred for
several reasons, and the interconnection sepa-
rated into four islands.

In addition to the mechanical failure of the trans-
mission lines, analysis of this outage cited prob-
lems with coordination of protective schemes,
because the generator tripping and separation
schemes operated slowly or did not operate as
planned. A communication channel component
performed sporadically, resulting in delayed
transmission of the control signal. The backup
separation scheme also failed to operate, because
the coordination of relay settings did not antici-
pate the power flows experienced in this severe
disturbance.

In addition, the volume and format in which data
were displayed to operators made it difficult to
assess the extent of the disturbance and what cor-
rective action should be taken. Time references to
events in this disturbance were not tied to a com-
mon standard, making real-time evaluation of the
situation more difficult.

July 2-3, 1996: West Coast Blackout

This disturbance resulted in the loss of 11,850
MW of load and affected 2 million people in the
West. Customers were affected in Arizona, Cali-
fornia, Colorado, Idaho, Montana, Nebraska,
Nevada, New Mexico, Oregon, South Dakota,
Texas, Utah, Washington, and Wyoming in the
United States; Alberta and British Columbia in
Canada; and Baja California Norte in Mexico. Out-
ages lasted from a few minutes to several hours.
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The outage began when a 345-kV transmission
line in Idaho sagged into a tree and tripped out. A
protective relay on a parallel transmission line
also detected the fault and incorrectly tripped a
second line. An almost simultaneous loss of these
lines greatly reduced the ability of the system to
transmit power from the nearby Jim Bridger plant.
Other relays tripped two of the four generating
units at that plant. With the loss of those two
units, frequency in the entire Western Intercon-
nection began to decline, and voltage began to col-
lapse in the Boise, Idaho, area, affecting the
California-Oregon AC Intertie transfer limit.

For 23 seconds the system remained in precarious
balance, until the Mill Creek to Antelope 230-kV
line between Montana and Idaho tripped by zone
3 relay, depressing voltage at Summer Lake Sub-
station and causing the intertie to slip out of syn-
chronism. Remedial action relays separated the
system into five pre-engineered islands designed
to minimize customer outages and restoration
times. Similar conditions and initiating factors
were present on July 3; however, as voltage began
to collapse in the Boise area, the operator shed
load manually and contained the disturbance.

August 10, 1996: West Coast Blackout

This disturbance resulted in the loss of over
28,000 MW of load and affected 7.5 million people
in the West. Customers were affected in Arizona,
California, Colorado, Idaho, Montana, Nebraska,
Nevada, New Mexico, Oregon, South Dakota,
Texas, Utah, Washington, and Wyoming in the
United States; Alberta and British Columbia in
Canada; and Baja California Norte in Mexico. Out-
ages lasted from a few minutes to as long as 9
hours.

Triggered by several major transmission line out-
ages, the loss of generation from McNary Dam, and
resulting system oscillations, the Western Inter-
connection separated into four electrical islands,
with significant loss of load and generation. Prior
to the disturbance, the transmission system from
Canada south through the Northwest into Califor-
nia was heavily loaded with north-to-south power
transfers. These flows were due to high Southwest
demand caused by hot weather, combined with
excellent hydroelectric conditions in Canada and
the Northwest.

Very high temperatures in the Northwest caused
two lightly loaded transmission lines to sag into
untrimmed trees and trip out. A third heavily
loaded line also sagged into a tree. Its outage led to

the overload and loss of additional transmission
lines. General voltage decline in the Northwest
and the loss of McNary generation due to incor-
rectly applied relays caused power oscillations on
the California to Oregon AC intertie. The intertie’s
protective relays tripped these facilities out and
caused the Western Interconnection to separate
into four islands. Following the loss of the first two
lightly loaded lines, operators were unaware that
the system was in an insecure state over the next
hour, because new operating studies had not been
performed to identify needed system adjustment.

June 25, 1998: Ontario and U.S. North
Central Blackout

This disturbance resulted in the loss of 950 MW of
load and affected 152,000 people in Minnesota,
Montana, North Dakota, South Dakota, and Wis-
consin in the United States; and Ontario, Mani-
toba, and Saskatchewan in Canada. Outages lasted
up to 19 hours.

A lightning storm in Minnesota initiated a series of
events, causing a system disturbance that affected
the entire Mid-Continent Area Power Pool (MAPP)
Region and the northwestern Ontario Hydro sys-
tem of the Northeast Power Coordinating Council.
A 345-kV line was struck by lightning and tripped
out. Underlying lower voltage lines began to over-
load and trip out, further weakening the system.
Soon afterward, lightning struck a second 345-kV
line, taking it out of service as well. Following the
outage of the second 345-kV line, the remaining
lower voltage transmission lines in the area
became significantly overloaded, and relays took
them out of service. This cascading removal of
lines from service continued until the entire
northern MAPP Region was separated from the
Eastern Interconnection, forming three islands
and resulting in the eventual blackout of the
northwestern Ontario Hydro system.

Summer of 1999: Northeast U.S. Outages
and Non-outage Disturbances

Load in the PJM system on July 6, 1999, was
51,600 MW (approximately 5,000 MW above fore-
cast). PJM used all emergency procedures (includ-
ing a 5% voltage reduction) except manually
tripping load, and imported 5,000 MW from exter-
nal systems to serve the record customer demand.
Load on July 19, 1999, exceeded 50,500 MW. PJM
loaded all available eastern PJM generation and
again implemented PJM emergency operating pro-
cedures from approximately 12 noon into the eve-
ning on both days.
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During record peak loads, steep voltage declines
were experienced on the bulk transmission sys-
tem. Emergency procedures were implemented to
prevent voltage collapse. Low voltage occurred
because reactive demand exceeded reactive sup-
ply. High reactive demand was due to high elec-
tricity demand and high losses resulting from high
transfers across the system. Reactive supply was
inadequate because generators were unavailable
or unable to meet rated reactive capability due to
ambient conditions, and because some shunt
capacitors were out of service.

Common or Similar Factors
Among Major Outages

Among the factors that were either common to the
major outages above and the August 14 blackout
or had similarities among the events are the fol-
lowing: (1) conductor contact with trees; (2)
underestimation of dynamic reactive output of
system generators; (3) inability of system opera-
tors or coordinators to visualize events on the
entire system; (4) failure to ensure that system
operation was within safe limits; (5) lack of coordi-
nation on system protection; (6) ineffective com-
munication; (7) lack of “safety nets;” and (8)
inadequate training of operating personnel. The
following sections describe the nature of these fac-
tors and list recommendations from previous
investigations that are relevant to each.

Conductor Contact With Trees

This factor was an initiating trigger in several of
the outages and a contributing factor in the sever-
ity of several more. Unlike lightning strikes, for
which system operators have fair storm-tracking
tools, system operators generally do not have
direct knowledge that a line has contacted a tree
and faulted. They will sometimes test the line by
trying to restore it to service, if that is deemed to be
a safe operation. Even if it does go back into ser-
vice, the line may fault and trip out again as load
heats it up. This is most likely to happen when
vegetation has not been adequately managed, in
combination with hot and windless conditions.

In some of the disturbances, tree contact
accounted for the loss of more than one circuit,
contributing multiple contingencies to the weak-
ening of the system. Lines usually sag into
right-of-way obstructions when the need to retain
transmission interconnection is significant. High

inductive load composition, such as air condition-
ing or irrigation pumping, accompanies hot
weather and places higher burdens on transmis-
sion lines. Losing circuits contributes to voltage
decline. Inductive load is unforgiving when volt-
age declines, drawing additional reactive supply
from the system and further contributing to volt-
age problems.

Recommendations from previous investigations
include:

¢ Paying special attention to the condition of
rights-of-way following favorable growing sea-
sons. Very wet and warm spring and summer
growing conditions preceded the 1996 outages
in the West.

¢ Careful review of any reduction in operations
and maintenance expenses that may contribute
to decreased frequency of line patrols or trim-
ming. Maintenance in this area should be
strongly directed toward preventive rather than
remedial maintenance.

Dynamic Reactive Output of Generators

Reactive supply is an important ingredient in
maintaining healthy power system voltages and
facilitating power transfers. Inadequate reactive
supply was a factor in most of the events. Shunt
capacitors and generating resources are the most
significant suppliers of reactive power. Operators
perform contingency analysis based on how
power system elements will perform under vari-
ous power system conditions. They determine and
set transfer limits based on these analyses. Shunt
capacitors are easy to model because they are
static. Modeling the dynamic reactive output of
generators under stressed system conditions has
proven to be more challenging. If the model is
incorrect, estimating transfer limits will also be
incorrect.

In most of the events, the assumed contribution of
dynamic reactive output of system generators was
greater than the generators actually produced,
resulting in more significant voltage problems.
Some generators were limited in the amount of
reactive power they produced by over-excitation
limits, or necessarily derated because of high
ambient temperatures. Other generators were con-
trolled to a fixed power factor and did not contrib-
ute reactive supply in depressed voltage
conditions. Under-voltage load shedding is
employed as an automatic remedial action in some
interconnections to prevent cascading.
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Recommendations from previous investigations
concerning voltage support and reactive power
management include:

¢ Communicate changes to generator reactive
capability limits in a timely and accurate man-
ner for both planning and operational modeling
purposes.

¢ Investigate the development of a generator
MV Ar/voltage monitoring process to determine
when generators may not be following reported
MVAr limits.

¢ Establish a common standard for generator
steady-state and post-contingency (15-minute)
MVAr capability definition; determine method-
ology, testing, and operational reporting
requirements.

¢ Determine the generator service level agree-
ment that defines generator MV Ar obligation to
help ensure reliable operations.

# Periodically review and field test the reactive
limits of generators to ensure that reported
MVAr limits are attainable.

¢ Provide operators with on-line indications of
available reactive capability from each generat-
ing unit or groups of generators, other VAr
sources, and the reactive margin at all critical
buses. This information should assist in the
operating practice of maximizing the use of
shunt capacitors during heavy transfers and
thereby increase the availability of system
dynamic reactive reserve.

¢ For voltage instability problems, consider fast
automatic capacitor insertion (both series and
shunt), direct shunt reactor and load tripping,
and under-voltage load shedding.

¢ Develop and periodically review a reactive mar-
gin against which system performance should
be evaluated and used to establish maximum
transfer levels.

System Visibility Procedures and
Operator Tools

Each control area operates as part of a single syn-
chronous interconnection. However, the parties
with various geographic or functional responsibil-
ities for reliable operation of the grid do not have
visibility of the entire system. Events in neighbor-
ing systems may not be visible to an operator or
reliability coordinator, or power system data
may be available in a control center but not be

presented to operators or coordinators as informa-
tion they can use in making appropriate operating
decisions.

Recommendations from previous investigations
concerning visibility and tools include:

¢ Develop communications systems and displays
that give operators immediate information on
changes in the status of major components in
their own and neighboring systems.

¢ Supply communications systems with uninter-
ruptible power, so that information on system
conditions can be transmitted correctly to con-
trol centers during system disturbances.

¢ In the control center, use a dynamic line loading
and outage display board to provide operating
personnel with rapid and comprehensive infor-
mation about the facilities available and the
operating condition of each facility in service.

¢ Give control centers the capability to display to
system operators computer-generated alterna-
tive actions specific to the immediate situation,
together with expected results of each action.

¢ Establish on-line security analysis capability to
identify those next and multiple facility outages
that would be critical to system reliability from
thermal, stability, and post-contingency voltage
points of view.

# Establish time-synchronized disturbance moni-
toring to help evaluate the performance of the
interconnected system under stress, and design
appropriate controls to protect it.

System Operation Within Safe Limits

Operators in several of the events were unaware of
the vulnerability of the system to the next contin-
gency. The reasons were varied: inaccurate model-
ing for simulation, no visibility of the loss of key
transmission elements, no operator monitoring of
stability measures (reactive reserve monitor,
power transfer angle), and no reassessment of sys-
tem conditions following the loss of an element
and readjustment of safe limits.

Recommendations from previous investigations
include:

¢ Following a contingency, the system must be
returned to a reliable state within the allowed
readjustment period. Operating guides must be
reviewed to ensure that procedures exist to
restore system reliability in the allowable time
periods.
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¢ Reduce scheduled transfers to a safe and pru-
dent level until studies have been conducted to
determine the maximum simultaneous transfer
capability limits.

¢ Reevaluate processes for identifying unusual
operating conditions and potential disturbance
scenarios, and make sure they are studied
before they are encountered in real-time operat-
ing conditions.

Coordination of System Protection
(Transmission and Generation Elements)

Protective relays are designed to detect abnormal
conditions and act locally to isolate faulted power
system equipment from the system—both to pro-
tect the equipment from damage and to protect the
system from faulty equipment. Relay systems are
applied with redundancy in primary and backup
modes. If one relay fails, another should detect the
fault and trip appropriate circuit breakers. Some
backup relays have significant “reach,” such that
non-faulted line overloads or stable swings may be
seen as faults and cause the tripping of a line when
it is not advantageous to do so. Proper coordina-
tion of the many relay devices in an intercon-
nected system is a significant challenge, requiring
continual review and revision. Some relays can
prevent resynchronizing, making restoration more
difficult.

System-wide controls protect the interconnected
operation rather than specific pieces of equip-
ment. Examples include controlled islanding to
mitigate the severity of an inevitable disturbance
and under-voltage or under-frequency load shed-
ding. Failure to operate (or misoperation of) one or
more relays as an event developed was a common
factor in several of the disturbances.

Recommendations developed after previous out-
ages include:

¢ Perform system trip tests of relay schemes peri-
odically. At installation the acceptance test
should be performed on the complete relay
scheme in addition to each individual compo-
nent so that the adequacy of the scheme is
verified.

¢ Continually update relay protection to fit
changing system development and to incorpo-
rate improved relay control devices.

¢ Install sensing devices on critical transmission
lines to shed load or generation automatically if
the short-term emergency rating is exceeded for

a specified period of time. The time delay
should be long enough to allow the system oper-
ator to attempt to reduce line loadings promptly
by other means.

¢ Review phase-angle restrictions that can pre-
vent reclosing of major interconnections during
system emergencies. Consideration should be
given to bypassing synchronism-check relays to
permit direct closing of critical interconnec-
tions when it is necessary to maintain stability
of the grid during an emergency.

¢ Review the need for controlled islanding. Oper-
ating guides should address the potential for
significant generation/load imbalance within
the islands.

Effectiveness of Communications

Under normal conditions, parties with reliability
responsibility need to communicate important
and prioritized information to each other in a
timely way, to help preserve the integrity of the
grid. This is especially important in emergencies.
During emergencies, operators should be relieved
of duties unrelated to preserving the grid. A com-
mon factor in several of the events described
above was that information about outages occur-
ring in one system was not provided to neighbor-
ing systems.

Need for Safety Nets

A safety net is a protective scheme that activates
automatically if a pre-specified, significant con-
tingency occurs. When activated, such schemes
involve certain costs and inconvenience, but they
can prevent some disturbances from getting out of
control. These plans involve actions such as shed-
ding load, dropping generation, or islanding, and
in all cases the intent is to have a controlled out-
come that is less severe than the likely uncon-
trolled outcome. If a safety net had not been taken
out of service in the West in August 1996, it would
have lessened the severity of the disturbance from
28,000 MW of load lost to less than 7,200 MW. (It
has since been returned to service.) Safety nets
should not be relied upon to establish transfer lim-
its, however.

Previous recommendations concerning safety nets
include:

¢ Establish and maintain coordinated programs
of automatic load shedding in areas not so
equipped, in order to prevent total loss of power
in an area that has been separated from the
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main network and is deficient in generation.
Load shedding should be regarded as an insur-
ance program, however, and should not be used
as a substitute for adequate system design.

# Install load-shedding controls to allow fast sin-
gle-action activation of large-block load shed-
ding by an operator.

Training of Operating Personnel

Operating procedures were necessary but not suf-
ficient to deal with severe power system distur-
bances in several of the events. Enhanced
procedures and training for operating personnel
were recommended. Dispatcher training facility
scenarios with disturbance simulation were sug-
gested as well. Operators tended to reduce sched-
ules for transactions but were reluctant to call for
increased generation—or especially to shed
load—in the face of a disturbance that threatened
to bring the whole system down.

Previous recommendations concerning training
include:

¢ Thorough programs and schedules for operator
training and retraining should be vigorously
administered.

¢ A full-scale simulator should be made available
to provide operating personnel with “hands-on”
experience in dealing with possible emergency
or other system conditions.

¢ Procedures and training programs for system
operators should include anticipation, recogni-
tion, and definition of emergency situations.

¢ Written procedures and training materials
should include criteria that system operators
can use to recognize signs of system stress and
mitigating measures to be taken before condi-
tions degrade into emergencies.

¢ Line loading relief procedures should not be
relied upon when the system is in an insecure

state, as these procedures cannot be imple-
mented effectively within the required time
frames in many cases. Other readjustments
must be used, and the system operator must
take responsibility to restore the system
immediately.

¢ Operators’ authority and responsibility to take
immediate action if they sense the system is
starting to degrade should be emphasized and
protected.

¢ The current processes for assessing the poten-
tial for voltage instability and the need to
enhance the existing operator training pro-
grams, operational tools, and annual technical
assessments should be reviewed to improve the
ability to predict future voltage stability prob-
lems prior to their occurrence, and to mitigate
the potential for adverse effects on a regional
scale.

Comparisons With the
August 14 Blackout

The blackout on August 14, 2003, had several
causes or contributory factors in common with the
earlier outages, including:

¢ Inadequate vegetation management
# Failure to ensure operation within secure limits

# Failure to identify emergency conditions and
communicate that status to neighboring
systems

¢ Inadequate operator training

¢ Inadequate regional-scale visibility over the
power system.

New causal features of the August 14 blackout
include: inadequate interregional visibility over
the power system; dysfunction of a control area’s
SCADA/EMS system; and lack of adequate backup
capability to that system.
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