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Executive Summary 

During the week of January 16-22, 
1994, very low temperatures over a 
wide region of the Eastern United 
States caused unprecedented sus- 
tained demand for energy. Notably, 

rn At least 37 electric utilities experi- 
enced record winter peak demands 
on January 18 or 19. 

supply the Eastern United States 
shipped record amounts of natural 
gas. 

Many natural gas pipelines that 

The January 1994 weather conditions 
were more severe and more wide- 
spread geographically than any 
previous cold-weather episode on 
record and affected more utility 
systems than any past situation. 

Low temperatures on occasion 
caused petroleum products to congeal 
in pipelines, preventing or slowing 
throughput. In some cases, wet or 
frozen coal at electric generating 
plants forced utilities to burn more 
light oil and kerosene for flame 
stabilization, which, in turn, created 
shortages of these fuels. In a few 
instances, electric power outages 
further exacerbated energy-delivery 
problems by de-energizing petroleum 
pipeline pumps and natural gas 
pipeline compressors needed to 
maximize pipeline operations. Fortu- 
nately the cold weather of January 
1994 did not significantly affect 

natural gas production in the major 
producing regions. 

In addition to the severe cold, in 
many areas there were major snow 
and ice storms in the week before the 
extremely low temperatures. These 
storms that constrained highway and 
rail transportation, severely restricted 
water movements of petroleum and 
coal, and downed electric lines. 

Compounding the problems 
created by extreme weather conditions 
and unprecedented demand for 
energy was the fact that the tempera- 
ture drop was unexpected and sud- 
den. The first real warning of the 
extreme conditions to come did not 
occur until January 10, when the 
National Weather Service predicted 
"much-below-normal" temperatures 
for the Mid-Atlantic region. These 
much-colder-than-normal tempera- 
tures had not been anticipated in most 
earlier long-term weather forecasts. 
Furthermore, even during January, 
there continued to be large deviations 
between forecast and actual low 
temperatures, and there is no indica- 
tion that accuracy improved as the 
time between the forecast and actual 
date decreased. 

As a result, some electric and gas 
utilities were unable to meet actual 
peak consumer demand for limited 
periods of time. Electric power 
transmission, distribution, and 



generation systems were fully loaded, 
as were flows through natural gas 
pipelines. Further, the distributors 
supplying propane, kerosene, and fuel 
oil to customers with alternate-fuel 
capability were unable to meet all 
demands. Inadequate communication 
among utilities, the media, customers, 
and governmental agencies at all 
levels (Federal, State, and local) 
exacerbated the situation. 

Nonetheless, energy entities 
responded promptly and effectively to 
the extreme weather and record peak 
demands. Electric and gas utilities 
demonstrated great technical skills 
and flexibility in implementing highly 
effective response actions. Despite the 
peak and continuing high electric load 
levels due to the extreme low-tem- 
perature conditions, there was no risk 
to the integrity of the Eastern Intercon- 
nection. The short-term use of manual 
load shedding (rotating blackouts) by 
the Pennsylvania-New Jersey-Mary- 
land (PJM) Interconnection and the 
operating subsidiaries of the Virginia 
Electric and Power Company (Virginia 
Power and North Carolina Power), 
although it temporarily inconve- 
nienced consumers, was appropriate 
and necessary to match the available 
supply with the continuing series of 
very high peak loads and hourly 
energy requirements. 

and local governments-including 
appeals for voluntary energy conser- 
vation, closing of government opera- 
tions, and transportation assistance to 
the energy supply entities-were both 
appropriate and effective. Likewise, 
actions by the U.S. Coast Guard in the 
Philadelphia area to break ice and 
maintain shipping channels were a 
key element in mitigating the public 

A number of actions taken by State 

health and safety impacts of January 
18,19, and 20. 

States, the electric utilities and the 
PJM Interconnection, the North 
American Electric Reliability Council 
(NERC), the Federal Energy Regula- 
tory Commission (FERC), and others 
consistently commended energy 
supply entities and did notidentify 
any specific response action as inap- 
propriate. These same reviewers, 
however, identified several additional 
actions that could have mitigated the 
extent of the crisis and made the 
response actions more effective. 

FERC and NERC conclusions and 
recommendations, this report identi- 
fies the following areas in which some 
incremental improvements appear to 
be appropriate: 

Followup investigations by several 

Building on and supplementing the 

w Communication within the energy 

w Energy emergency situation 
infrastructure 

reporting to State and Federal 
agencies, for both existing and 
anticipated emergencies 

w Accuracy of short-term load 
forecasting systems used by system 
operators to project hourly, next- 
day, and 2-day peak and energy 
loads based on available meteoro- 
logical and other relevant data 

w Specific research activities by the 
electric industry dealing with fuel 
use and electrical equipment 
operations in extreme cold weather 
and freezing precipitation 

w Tmely adjustments of bulk power 
transfer capability 

w Regular joint planning and conduct 
of energy emergency preparedness 
exercises involving energy supply 
entities, States, and the Federal 
Government 
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Preface 

Because of the widespread energy 
supply and distribution problems 
during the extreme cold weather of 
January 1622,1994, the Department 
of Energy initiated a detailed review 
of the situation, as did the North 
American Electric Reliability Council, 
the Federal Energy Regulatory Com- 
mission, and several State emergency 
management offices or State regula- 
tory agencies. The common goal was 
to learn what caused or exacerbated 
the situation and what actions were 
taken or could have been taken to 
mitigate its impacts. The approach 
taken in this study consisted of four 
parts: 

Describe the cold-weather episode 
in terms of service interrupted, 
impact on public health and safety, 
and resulting societal costs 

Identify the causes of the energy 
problems encountered 
Recognize and evaluate response 
actions taken by industry and by 
State, local, and Federal govem- 
ment agencies 

vulnerability to such episodes in 
tRe future or to improve the collec- 
tive ability to respond to them 

rn Identify options to reduce the 

The Department published a notice in 
the Federal Register on April 7,1994, 
announcing its intent to examine the 
circumstances of electric power and 

natural gas supply during the January 
1994 cold-weather episode. This notice 
was followed by a series of letters 
asking for cooperation and some 
relevant data from the organizations 
most directly involved in dealing with 
the situation. Table P-1 lists the 
organizations that cooperated. The 
findings, conclusions, and recommen- 
dations in this report have been 
developed largely from material 
provided by these organizations. 

As part of this review, events were 
reconstructed chronologically across 
geographic regions, industry organi- 
zations, and governmental entities; 
and interactions, dependencies, and 
interdependencies among them were 
noted and examined. Emergency 
protocols and their implications were 
also reviewed. Instances of creative 
cooperation were discovered that may 
have avoided or mitigated disruptions 
in supply. For example, the Pennsylva- 
nia National Guard helped with fuel 
deliveries by clearing roads and even 
transporting fuel in heavy-duty 
military vehicles. Convers'ely this 
study identifies some missed opportu- 
nities for cooperation that actually 
may have exacerbated the public 
impacts of the cold weather episode. 
For example, during rolling blackouts 
in Pennsylvania, compressor stations 
on a natural gas pipeline lost power, 
limiting the flow of gas and worsening 

ix 



PREFACE 

Table P-I . Organizations Most Directly Involved in the Cold-Weather Episode of January 16-22,1994 

Electric Industry Natural Gas Industry Government 

Electric Power 
North American Electric Reliability 
Council (NERC) 
Edison Electric Institute (EEI) 
American Public Power Association 
(APPA) 
National Rural Electric Cooperative 
Association (NRECA) 
PJM Interconnection Association (PJM) 

Selected PJM Utilities 
Philadelphia Electric Co. 
Public Service Electric a( Gas Co. 
Pennsylvania Power & Light Co. 
Baltimore Gas & Electric Co. 
Potomac Electric Power Co. 

Other Utilities/Power Pools 
Virginia Electric and Power Co. 
Allegheny Power System, Inc. 
American Electric Power Co. 
New York Power Pool 

Natural Gas Associations 
American Gas Association 
Interstate Natural Gas 
Association of America 

Natural Gas Pipelines 
Iroquois 
Transco 
Texas Eastern Transmission Co. 
Natural Gas Pipeline Co. 
Tenneco 
Consolidated NG 

local Distribution Companies 
West Penn Gas 
Boston Gas 
Elizabethtown Gas 
Washington Gas 

Federal 
Department of Energy 
Federal Energy Regulatory 

Environmental Protection Agency 
General Services Administration 
Department of Transportation 
Office of Personnel Management 
Internal Revenue Service 
Defense Fuel Supply Center (DOD) 

State Government and Regulatory 
Agencies 
Maryland 
Pennsylvania 
New Jersey 
Delaware 
Virginia 

Commission 

local Government Agencies 
District of Columbia Energy Office 
District of Columbia Public Service 
Commission 

an already-tight natural gas supply. 
Had utilities and pipeline operators 
communicated better, this situation 
could have been avoided. 

pendency of energy systems (such as 
the gas-supply system’s use of elec- 
tricity and electric utilities’ need for 
gas, oil, and coal) and the special 
protocols adopted by each for emer- 
gency use. Emergency protocols for 
one energy form, such as electricity 
are sometimes not known by suppliers 
of other energy forms, such as natural 
gas. 
This report is organized into four 

sections, plus appendices. Section 1 
presents an overview of the energy 
supply and demand picture during 
the week of January 16-22 and then 

This report emphasizes the interde- 

focuses on the meteorological condi- 
tions in which the energy and emer- 
gency response systems were forced to 
operate during the entire episode. 
Section 2 discusses the effects of the 
weather on electric power and how 
the industry States, and the Federal 
Government dealt with those effects. 
Section 3 discusses the effects of the 
weather on natural gas demand and 
supply and how the various agents 
dealt with those impacts. Finally, 
Section 4 provides some conclusions 
believed by the Department to be 
relevant to the situation and makes 
recommendations considered appro- 
priate to reduce the likelihood or 
impact of similar occurrences in the 
future. 

X 



January 1994: 

OVERV I E w 
During the week of January 16-22, 
1994, very low temperatures over a 
wide region of the Eastern United 
States caused unprecedented sus- 
tained demand for all forms of energy, 
from New England to Tennessee and 
from the Atlantic Coast to Ohio and 
Indiana. The January 1994 weather 
conditions were more severe and 
more widespread geographically than 
any previous cold-weather episode on 
record, and therefore affected more 
utility systems than any past situa- 
tion. 

At least 37 electric utilities experi- 
enced record winter peak demands on 
January 18 or 19, and, in many 
instances, natural gas pipelines that 
supply the Eastern United States 
shipped record amounts of natural 
gas at the same time. Natural gas 
pipelines and supply entities curtailed 
or interrupted natural gas to large 
commercial and industrial customers 
when allowed by contractual arrange- 
ments. Electric utilities throughout the 
Eastern United States were affected 
by these gas curtailments, and began 
to use alternate fuels, principally light 
oil, with a small increase in the use of 
heavy oil. 

Low temperatures on occasion 
caused petroleum products to congeal 
in pipelines, thereby preventing or 

slowing throughput. In some cases, 
wet or frozen coal at electric generat- 
ing plants forced utilities to bum 
more light oil and kerosene for flame 
stabilization, which, in turn, created 
some consumer shortages of these 
fuels. In a few instances, electric 
power outages further exacerbated 
energy-delivery problems by de- 
energizing petroleum pipeline pumps 
and natural gas pipeline compressors 
needed to maximize pipeline opera- 
tions. 

The extreme cold also negatively 
affected equipment used in substa- 
tions at the terminals of bulk electric 
power transmission lines and at 
petroleum and natural gas facilities 
and generating stations. For example, 
ice may sometimes prevent high- 
voltage mechanical electric switches 
from operating. 

In addition to the severe cold, in 
many areas there were major snow 
and ice storms in the week before the 
extremely low temperatures-storms 
that constrained highway and rail 
transportation, severely restricted 
water movements of petroleum and 
coal, and downed electric lines in 
Southeastern Pennsylvania due to 
heavy ice accumulation. A heavy 
snow and ice storm in southeastern 
Pennsylvania during the second week 
of January created a major emergency 
for the PECO Energy Company, which 

1 



JANUARY 1994: VAGARIES OF WEATHER 

supplies energy for this area and the 
City of Philadelphia. The electric 
energy supply to more than a million 
customers was disrupted, forcing 
PECO Energy to implement many 
emergency actions, including exten- 
sive overtime for its employees. 

that the first real warning of the 
extreme conditions to come did not 
occur until January 10, when the 
National Weather Service predicted 
"much-below-normal" temperatures 
for the Mid-Atlantic region. Further, 
the commercial meteorological 
services used by energy suppliers all 
had large deviations between forecast 
and actual high and low tempera- 
tures-even for 1-day projections. The 
extreme and sudden low tempera- 
tures significantly-and quickly- 
increased energy requirements, and 
were a major contributing factor to 
the January 1994 energy supply 
shortages. And the lack of accurate 
temperature projections made it 
difficult for utilities to make advance 
preparations. 

These conditions-unprecedented 
demand, extreme conditions, and 
inaccurate forecasts-caused dispari- 
ties between short-term peak-load 
forecasts and actual requirements, 
which resulted in the following: 

Compounding all this was the fact 

rn Much-greater-than-expected 

rn Higher-than-expected unavailabil- 

rn A bulk electrical power transmis- 

demand for electricity 

ity of generating units 

sion system loaded to maximum 
capacity 

rn Shortages of primary fuel supplies 
needed to generate electricity 

As a result, some electric and gas 
utilities were unable to meet actual 

peak consumer demand for limited 
periods of time. Electric power 
transmission, distribution, and 
generation systems were fully loaded, 
as were flows through natural gas 
pipelines. Further, the distributors 
supplying propane, kerosene, and 
fuel oil to customers with alternate- 
fuel capability were unable to meet all 
demands. Communication difficulties 
among utilities, the media, customers, 
and governmental agencies at all 
levels (Federal, State, and local) 
exacerbated the situation. 

The responses of energy suppliers 
varied widely, with the extreme being 
controlled, manually implemented, 
short-term (10- to 30-minute) disrup- 
tions in energy supplies in the Mid- 
Atlantic region and portions of 
Virginia and North Carolina as 
demand for electricity threatened to 
exceed available supply. All the 
affected utilities and control areas 
implemented their established 
emergency load curtailment plans. 
Actions included direct appeals to 
commercial and industrial customers 
and public appeals to all consumers 
to conserve energy. System voltage 
reductions of about 5 percent also 
were implemented to mitigate load 
requirements and preserve the 
integrity of the utility network. At the 
urging of the Potomac Electric Power 
Company (Pepco), which was speak- 
ing as a representative of the Pennsyl- 
vania-New Jersey-Maryland (PJM) 
Interconnection and the Washington 
Gas Light Company the Mayor of 
Washington, D.C., ordered nonessen- 
tial businesses and city government 
operations to close on Thursday 
January 20. The Federal Government 
in Washington, D.C., closed most 
operations between late afternoon of 
January 19 and the morning of 

2 



WEATHERING THE COLD OF '94 

Heating Degree-Days 
The severity of the cold tempera- 
tures of January 1994 can also be 
described in terms of "heating 
degree-days"-+ measure of the 
minimum cold temperatures, which 
are added to provide a cumulative 
total. The National Weather Service 
defines a heating degree-day as the 
number of degrees per day the 
daily average temperature is below 
65 degrees Fahrenheit. For ex- 
ample, if the average temperature 
is 45 degrees, there would 
heating degree-days for that day 
(65 - 45 i 20). (The daily average 
temperature is the mean of the 
maximum and minimum hourly 
temperatures for a 24-hour period.} 

These data are published regularly 
by the National Weather Service for 
a number of metropolitan areas 
around the Nation. 

As shown in Table 1-1, an 
analysis of heating degree-days 
indicates that January 1994 was a 
relatively cold month throughout the 
United States and that the Mid- 
Atlantic region was much colder 
than normal, While average U.5. 
temperatures in januaty {measured 
in heatiting degreedaysf were 
6 percent below normal, tempera- 
tures in Richmond were 7 percent 
below normal; in Philadelphia, 
9 percent; and in Washington, 
20 percent. 

Table 1-1. Heating Degree-Days, January 1994 Versus Normal January 

location 
Jan 1-29, Normal for Percent 

1994 January Increase 

Philadelphia Internatlorial Airport 1,060 970 9.3 
Washington National Airport 1,026 853 ZQ"3 
Richmond International Airport 883 822 7.4 
US. Total' 91 1 858 6.2 

*Excludes Alaska and Hawaii 

January 21 in support of the mayor's I NACCURATE TEMPERATURE 
FORECASTS actions. Declarations of Emergency 

also were issued in the District of 
Columbia, New Jersey, Pennsylvania, 
and Virginia under which govem- 
ment and, in some cases, commercial 
and industrial operations were 
curtailed. 

From January 16 through January 22, 
actual temperatures in many locations 
in the Mid-Atlantic area were signifi- 
cantly lower than projected; and, as 



JANUARY 1994: VAGARIES OF WEATHER 

shown in Figure 1-1, much lower 
than historical levels. This figure 
compares normal January average 
minimum and maximum daily 
temperatures with those reported by 
the National Weather Service for 
several cities in the affected area for 
each of the days included in this 
assessment. In Philadelphia, for 
example, the low temperatures for 5 
of the 7 days during this period 
ranged from -5 to +5 degrees Fahren- 
heit. Similar extremes extended over 
all the Mid-Atlantic States and the 
eastern area of the Nation. For 
example, in Pennsylvania, the follow- 
ing all-time record low temperatures 
(in degrees Fahrenheit) were set: 
Pittsburgh, -22 degrees; Harrisburg, 
-22 degrees; Scranton, -21 degrees; 
and Erie, -18 degrees. Harrisburg, 
Pennsylvania, received 14 inches of 
snow on January 17; and in Pitts- 
burgh, temperatures remained below 
zero for 52 consecutive hours. A 
Pennsylvania State University meteo- 
rologist has predicted that this 
magnitude of cold weather should not 
occur in Pennsylvania for another 50 
to 100 years. 

These much-colder-than-normal 
temperatures were not expected in 
most long-term weather forecasts. 
During the fall of 1993, the National 
Weather Service’s 30- and 90-day 
temperature projections expected 
normal and above-normal tempera- 
tures for the Eastern United States, 
and the National Oceanic and Atmo- 
spheric Administration’s Climate 
Analysis Center was predicting a mild 
winter for the northeastern part of the 
country as late as November 1993. 
And the actual temperatures in the 
Eastern United States-particularly in 
the Mid-Atlantic region-in fact were 

above normal during the fall and 
early winter, conforming to these 
projections. 

had been uneventful for electric 
energy supply entities across the 
Nation. Only the Pacific Northwest 
region had been identified as having a 
potential electric power supply 
problem, and that was due to low 
levels of water in its many reservoirs. 
Public reports from the North Ameri- 
can Electric Reliability Council 
(NERC) and some of the regional 
electric reliability councils all stated 
that no electric energy supply prob- 
lems were anticipated during the 
1993-94 winter; however, each of 
these assessments was based on 
normal winter weather. 

The National Weather Service’s 
30-day temperature outlook pub- 
lished in late December for January 
was its first indication that ”below- 
normal” temperatures were antici- 
pated for the Mid-Atlantic States 
(”below normal” is a National 
Weather Service term for temgera- 
tures 3 to 5 degrees lower than 
historical norms). This temperature 
projection indicated ”much-below- 
normal” temperatures (temperatures 
more than 5 degrees lower than 
historical norms) for New York and 
the western areas of New England. 
Actual temperature conditions were 
“much-below-normal” in the Mid- 
Atlantic States and ”below-normal” in 
New York and New England. In late 
December, the average temperatures 
in the Midwest and Eastern United 
States dropped significantly and there 
were large accumulations of ice and 
snow in many areas. On December 26, 
1993, snow and sleet fell in most areas 
of the Mid-Atlantic States, and 

Through the fall of 1993, the year 

4 



WEATHERING THE COLD OF '94 

Figure 1-1. High and low Temperatures in Selected Cities, January 16-22,1994, 
Versus Normal January Average 
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JANUARY 1994: VAGARIES OF WEATHER 

temperatures dropped sharply to 
below-normal levels. Below-normal 
conditions then continued for the next 
2 months. 

The first real warning of the serious 
conditions did not come until January 
10,1994, when the National Weather 
Service issued its 6-to-10-day tem- 
perature outlook for January 16-20, 
which forecast "much-below-normal" 
temperatures for the Mid-Atlantic 
region. On Tuesday, January 11, a 
strong cold front from Canada sent 
snow, sleet, and freezing rain to 
Southern Appalachia; a second front 
sent snow, sleet, rain, and freezing 
rain over the Mid-Atlantic States and 
New England. 

However, there continued to be 
large deviations between forecast and 
actual low temperatures, and there is 
no indication that accuracy improved 
as the time between the forecast and 
actual date decreased. Figure 1-2, 
which is based on data supplied by 
the Potomac Electric Power Company, 
illustrates this situation. The figure 
shows that the January 15 low- 
temperature forecast for Washington, 
D.C., for Tuesday, January 18, was 
18 degrees. On January 16th, this low- 
temperature forecast was reduced to 
11 degrees, and on January 17 to 

7 degrees. On January 18, it was 
increased to 11 degrees. The actual 
low temperature on January 18 was 2 
degrees. Similar disparities between 
forecast and actual temperatures 
occurred on other days and in other 
areas, such as Philadelphia. As the 
days of January passed, temperatures 
became lower and lower, and Na- 
tional Weather Service projections 
began to specify this trend. Many 
severe weather bulletins were issued. 

ECONOMIC COSTS 
Although the closings of businesses 
and power interruptions of January 
19,1994, clearly had economic effects, 
DOE staff, and the various State 
regulatory agencies that have con- 
ducted investigations, have been 
unable to document or quantify these 
effects for the following reasons: 
Generic economic evaluations of 
power outages do not apply to the 
events of January 1994 because the 
cold weather itself may have de- 
pressed baseline economic activity 
and because few customers actually 
went without power for any extended 
period of time (in contrast to the New 
York City blackout of 1977). 
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WEATHERING THE COLD OF '94 

Figure 1-2.low-Temperature Forecasts for Washington National Airport and Philadelphia International Airport 
Versus Actual Low Temperatures, January 15-21,1994 
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Electric Power 

During the week of January 16,1994, 
the weather and power supply 
situation was especially severe in that 
part of the Mid-Atlantic region served 
by members of the Pennsylvania-New 
Jersey-Maryland Interconnection 
Association (PJM), an 11-member 
power pool, and the Virginia Electric 
and Power Company (VEPCo [Vir- 
ginia Power and North Carolina 
Power are operating subsidiaries of 
VEPCo]). Peak loads for many of the 
PJM utilities and VEPCo reached all- 
time record levels, and were also 
substantially higher than those of the 
previous 5 years. PJM experienced a 
new record peak Yoad that surpassed 
the previous winter peak load of 
Christmas 1989. Figure 2-1 compares 
the pattern of PJM hour-by-hour 
demand for January 1&21,1994, with 
the demand pattern on December 22, 
1989. Both PJM and VEPCo instituted 
manual load shedding on Wednesday, 
January 19, to ensure the continuing 
reliability of the bulk power supply 
system. 

enced high loads caused by the cold 
weather. In the area of the East 
Central Area Reliability Coordination 
Agreement (ECAR), the Allegheny 
Power System (APS) issued public 
appeals to reduce electricity use, 
instituted voltage reductions, and 
curtailed interruptible loads. Ameri- 

Systems in other areas also exgeri- 

can Electric Power Company (AEP) 
operating subsidiaries in ECAR 
implemented voltage reductions. In 
the area of the Southeastern Electric 
Reliability Council (SERC), the 
Tennessee Valley Authority (TVA) 
system and Carolina Power and Light 
Company (CPL) implemented voltage 
reductions. In the Northeast Power 
Coordinating Council (NPCC), the 
New York Power Pool (NYPP) imple- 
mented voltage reduction to facilitate 
its sale of emergency power to PJM 
and recalculated the amount of power 
that could be delivered and still meet 
the established operations criteria. 

Table 2-1 shows the utilities that 
set winter peak demand records on 
either January 17,18,19, or 20,1994. 

NORTH AMERICAN POWER 
SUPPLY STRUCTURE 

The electric power supply structure 
for the contiguous United States is 
divided into nine regional reliability 
councils. Seven of these councils 
covering the Eastern United States 
operate in synchronism to form the 
Eastern Interconnection. The remain- 
ing two councils operate as indepen- 
dent entities for their respective 
geographic areas. In the Eastern 
Interconnection, the Hydro-Quebec 
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ELECTRIC POWER 

Figure 2-1. Comparison of the PJM Power Pool’s Load on January 1&21,4 994, 
With December 22,1989 
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Source: Provided in the written testimony of Phillip G. Harris, President, PJM Interconnection 
Association, to the Subcommittee on Energy and Power of the House Committee on Energy and 
Commerce, February 9,1994. 

system operates in an asynchronous 
mode from the rest of the Eastern 
Interconnection, thereby creating four 
major electric system operating 
groups, which cover most of North 
America. This arrangement is shown 
in Figure 2-2. 

Each of these four networks has 
bulk electric transmission lines that 
connect the separate utilities to 
enable the transfer of limited 
amounts of electric power and energy 
from one part of the network to 
another. These interconnections have 
been constructed primarily for 
economic considerations such as 
shared ownership of large generating 

stations. Through such arrangements 
these interconnections help enhance 
the reliability of the bulk power 
system. The largest of these networks 
by far is the Eastern Interconnection. 

electric energy supply operations are 
coordinated through about 140 
operational control areas. These 
control areas are elements of the nine 
regional electric reliability councils 
shown in Figure 2-3. Inadequate 
generation in one area of an operating 
group affects other areas in the group 
that are sometimes very distant. 
However, this form of operation 
makes it possible for generation in a 

Within these four operating groups, 
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Table 2-1. Peak Electricity Demand Records Set During the Week Ending January 22,1994 

System Date of Peak Demand (January 1994) Demand (Megawatts) 

New England 
Bosron Edison Co. 
Connecticut Valley Electric Exchange 
Eastern Utilities Associates 
New England Electric System 

Mid-Atlantic 
Atlantic City Electric Co. 
Baltimore Gas & Electric Co. 
Central Hudson Gas & Electric Corp. 
Consolidated Edison Co. of NY 
Delmarva Power & Light Co. 
Long Island Lighting Co. 
New York State Electric & Gas Corp. 
Niagara-Mohawk Power Corp. 
Pennsylvania Power & Light Co. 
PECO Energy Co. 
Potomac Electric Power Co. 

Central Industrial 
Allegheny Power System, Inc. 
American Electric Power Co. inc. 
Central Illinois Public Service Co. 
Cincinnati Gas & Electric Co. 
Cleveland Electric illuminating Co. 
Commonwealth Edison Co. 
Consumers Power Co. 
Dayton Power & Light Co. 
Detroit Edison Co. 
Illinois Power Co. 
Indianapolis Power & Light Co. 
Northern Indiana Public Service Co. 
Ohio Edison Co. and sub. 
Toledo Edison Co. 

West Central 
Empire District Electric Co. 
St. Joseph Light & Power Go. 
Wisconsin Public Service Corp. 

Southeast 
Carolina Power & Light Co. 
Duke Power Co. 
Kentucky Utilities Co. 
South Carolina Electric & Gas Co. 
Southern Company (PI 
Tennessee Valley Authority 
Virginia Electric and Power Co. 

Total Number of Systems: 39 

19’ 
19 
19 
19 

19 
19 
20 
19 
19 
19 
19 
19 
18 
18 
18 

18 
19 
18 
18 
18 
18 
19 
18 
19 
18 
18 
18 
18 
18 

19 
17 
19 

19 
19 
19 
19 
19 
18 
19 

2,473 
6,271 
794 

4,121 

1,510 
6,038 
840 

7,787 
2,525 
3,001 
2,618 
6,408 
6,403 
5,957 
5,010 

7,153 
19,236 
1,989 
4,077 
3,233 
14,179 
5,496 
2,747 
7,264 
3,115 
2,543 
2,154 
5,098 
1,471 

670 
276 

1,668 

10,129 
16,630 
3,092 
3,444 
24,545 
24,723 
14,877 

Source: Based on a special telephone survey by the Statistics Department of the Edison Electric Institute, January 24, 1994 
P= Preliminary 
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ELECTRIC POWER 

Figure 2-2. Major North American Electrical System interconnections 

Source: North American Electric Reliability Council, 1987. 7987 Reliabiliw Assessment: The Future of Bulk €/ectrlc System 
Reliability in North Arnerka, 1987-1996. Princeton. NJ. 1987. 

(Figure provided in the written testimony of Phillip G. Harris, President, PJM Interconnection Association, to the Subcommittee on 
Energy and Power of the House Committee on Energy and Commerce, February 9,1994) , 

remote area to be used to supply a 
load requirement in another area. 

These regional reliability councils 
have established subareas, which are 
often the same as a control area. 
Members of the regional reliability 
councils themselves are connected by 
transmission lines of varying voltages 
and capacities. These interconnections 
are generally known as the bulk 
electric transmission system (some- 
times called the power grid). 

ENSURING THE RELIABILITY 
OF THE BULK POWER SYSTEM 

Operating Parameters 
and Limits 

The bulk electric transmission system 
operates according to laws of physics 
that cause the available electric 
energy to flow through the path of 
least impedance from the generator to 
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Figure 2-3. Regional Electric Reliability Councils in the Eastern Interconnection 

ECAR: East Central Area Reliability Coordination Agreement 

MAAC: Mid-Atlantic Area Council 

NPCC: Northeast Power Coordinating Council 

SERC: Southeastern Electric Reliability Council 

MAIN: Mid-America Interconnected Network 

MAPP: Mid-Continent Area Power Pool 

Note: The HYDRO-QUEBEC area of NPCC operates asynchronous from its neighboring NPCC members. 

SPP: Southwest Power Pool 

the load. Despite this apparent 
simplicity, the many interconnection 
routes, with their varying operating 
voltages and capacities (sometimes 
due to line conductors and other 
times to terminal equipment ratings), 
and the basic nature of an alternating- 
current circuit make the analysis of 
the bulk power transmission system a 
very compiex engineering study. 
Electric energy supply operations are 
dynamic and require highly trained 

operators with detailed knowledge of 
their particular system and excellent 
communications with neighboring 
electric energy supply organizations. 

Because each transmission system 
analytic study can represent only one 
instant in time, utility engineers 
attempt to ascertain the parameters 
(for example, maximum load, mini- 
mum load, and generator unit or 
transmission line outages) that will 
provide the maximum stress on the 
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system. From these analytic studies, 
operating parameters and limitations 
are established. One of these param- 
eters is first contingency incremental 
transfer capability (FCITC), which is 
the amount of power, incremental 
above normal base power transfers, 
that can be transferred over the 
transmission network in a reliable 
manner. The FCITC is often referred 
to inaccurately as the transfer limit, as 
if it is an absolute number that is 
known to system operators and 
available to them through a sophisti- 
cated communications system. In 
reality, the FCITC should be consid- 
ered as guidance only, because it is 
determined for only a single, very 
specific set of conditions. 

FCITC usually are capacity ratings, 
which, for most bulk electric trans- 
mission lines, are determined by 
conductor heating as current flows 
through them. Some of these ratings 
are limited by the rating of equipment 
at the terminal substations. In low 
ambient temperatures, conductor 
heating with increased load becomes 
only a minor concern, and loading 
usually can be increased to the 
equipment limits as controlled by the 
relevant protective relay systems. 
Protective relays that use data ob- 
tained from various local and remote 
monitoring devices are installed to 
ensure the safe operation of all 
components of an electric energy 
supply system. These factors allowed 
both NYPP and the Florida Coordi- 
nating Group (FCG) to increase 
temporarily their power delivery 
capability on January 19--NYpP, to 
PJM, and FCG, to Georgia, and thus 
the rest of the Eastern Interconnec- 
tion. 

The key elements in calculating the 

NERC Operating Criteria 
and Guides 

To keep supply and demand in 
balance and ensure the integrity of the 
interconnected system during the 
events of January 1622,1994, utilities 
followed the NERC Operating 
ManuaYs operating criteria and 
guides, which detail the control areas' 
obligations during energy emergen- 
cies. Actions taken during January 
1994 in accordance with these guide- 
lines included the following: 

Demand-side load management 
actions 

w Interruptibility provisions of power 
supply contracts with large indus- 
trial and commercial customers 

(including government agencies) 
for voluntary load reductions 
Public appeals for reduction of 
power use 
System voltage reductions 
Short-term (10- to 30-minute) 

Requests to large customers 

rotating outages ("rolling black- 
outs") on selected distribution 
circuits 

System operators operate their 
systems in accordance with the NERC 
Operating Manual, which requires 
that transmission facilities (including 
substation equipment) be operated 
within their nominal ratings, that 
voltage levels be maintained within 
specified tolerances, and that one 
control area does not operate in a 
manner that burdens the adjacent 
control area, except when prior 
arrangements have been coordinated. 
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Adequate Generation 

One of the key elements in the reli- 
ability of electric energy supply is the 
availability of adequate generation. 
The capital cost of generating stations 
has forced State utility regulatory 
commissions to require that utilities 
only install the minimum generation 
required to serve the projected peak 
loads. In addition, the hourly operat- 
ing costs of a generating unit are 
significant, and the inappropriate use 
of a system's electric generators can 
have a major impact on the finances 
of that utility. Thus, economic consid- 
erations are fundamental to the 
operations of the bulk electric energy 
supply system. 

There are generating stations of 
various types, sizes, designs, fuels, 
and ages across the United States, all 
of which require regular maintenance, 
which is generally scheduled 2 to 3 
months in advance with the other 
entities within the control area or 
power pool. Generating equipment 
experiences operating failures like all 
other mechanical equipment. These 
failures, commonly called forced 
outages, sometimes limit the output 
of the generating unit, while other 
times result in the loss of the entire 
unit. 

ity are routinely collected and com- 
piled by the operating entity and 
forwarded to NERC for inclusion in 
the Generator Availability Data 
System (GADS). These availability 
data are utilized in electric system 
operating studies such that the proper 
actions can be taken to ensure that the 
highest degree of reliability is ob- 
tained. 

Data regarding generator availabil- 

System Frequency 

Monitoring system frequency is a 
fundamental element in bulk electric 
power system operation. This fre- 
quency is directly related to maintain- 
ing a nominal balance between 
electric demand and the generating 
capacity available to supply it. When 
this balance is achieved, a nominal 
system frequency of 60 hertz (Hz; 
cycles per second) is achieved. As 
incremental load increases occur, the 
system tends to slow down while 
automatic generation control equip- 
ment opens valves, making additional 
generation available almost instanta- 
neously to restore system frequency to 
60 Hz. This frequency varies above 
and below 60 Hz throughout each 
day, with system operators imple- 
menting actions in accordance with 
NERC operating criteria to cause the 
sum of these frequency excursions to 
approximate zero each day. On 
January 19, the system frequency in 
the Eastern Interconnection began to 
drop below 60 Hz by 0.01 to 0.05 Hz 
in the early morning. When it 
dropped to 59.91 Hz at 7:OO A.M., with 
an apparent trend lower, PJM opera- 
tors took many actions designed to 
restore the system to normalcy. 

Figure 2-4 shows the nominal 
60-cycle frequency of alternating 
current in the Eastern Interconnection 
on a typical winter day and compares 
it with the frequency on January 19, 
1994. The system frequency on the 
19th dropped to a value lower than 
normal for a short time. By imple- 
menting rotating manual load shed- 
ding (that is, rolling blackouts) in 
relatively small amounts, reducing 
voltage, and asking customers to 
reduce energy use, system operators 
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Figure 2-4. Systent Frequency on the Eastern Interconnection, January 19,1994, Versus Typical Winter Day 
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managed to arrest the frequency 
decline well before the frequency 
approached the level at which auto- 
matic underfrequency relays would 
have initiated a load shedding of 
about 10 percent. Altogether, the 5- 
percent voltage reduction on January 
19 lasted 13 hours and 43 minutes; 
and according to PJM, it reduced the 
peak demand by 600 MW, thereby 
reducing the amount of manual load 
shedding required. 

Fuel Supply 

Operating utilities usually have 
storage facilities at each generating 
site; these facilities generally can store 
approximately 40 to 60 days’ worth of 
coal and heavy oil for the baseload 
coal- and oil-fired generators. These 
fuels are bought directly by the 
electric generator operator from a 
large fuel supply entity and usually 
are delivered by train or barge. Thus, 
there is little probability of a baseload 
fuel supply problem except during 
labor work stoppages or distribution 
anomalies. An often overlooked 
requirement of these heavy-oil and 
coal-fired baseload stations is the 
need to use light oil (the same as 
home heating oil) for ignition and 
flame stabilization. Because of its - 
higher cost, light-oil use is normally 
minimized, and onsite storage capa- 
bility is significantly less because light 
oil is available from many local 
sources. During cold and wet weather, 
however, the use of light oil for flame 
stabilization usually increases sharply 
because of the low fuel temperatures 
and possibly damp fuel. 

Over the past 5 years, the use of 
natural gas to produce electric energy 
has increased sharply. Its cleanliness 

and competitive price have made 
natural gas the fuel of choice for any 
electric utility that can receive and use 
it. To prevent natural gas shortages in 
times of peak demand, most natural 
gas used by electric utilities is ac- 
quired either through curtailable or 
interruptible contracts, thereby 
requiring the operating electric utility 
to have an alternate fuel supply. In 
most cases this alternate fuel is oil, 
with most of this being light oil. But 
because it decomposes over time, 
utilities maintain only minimum 
stocks of light oil at their generating 
station sites. Thus, when natural gas 
supply is curtailed, the light fuel oil 
requirements of the involved electric 
utilities increase significantly. 

Light fuel oil is usually delivered 
by truck from local jobbers or the 
pipeline terminal over public roads, 
or by barge from nearby refineries 
when practical. Icy roads and frozen 
waterways therefore can cause fuel 
supply problems at some generating 
stations-a situation that actually 
occurred at many PJM locations 
during January 1994. Some generating 
stations used their entire on-hand fuel 
supply before the very low tempera- 
tures of January 18 and 19; as a result, 
this generating capacity was lost and 
unavailable to meet the peak loads on 
those days. The Pennsylvania Na- 
tional Guard was mobilized by the 
Governor of Pennsylvania to assist in 
the delivery of fuel to some electric 
generating stations. 

Manual load Shedding 

Manual load shedding of customer 
load is the proper name for what is 
commonly called a ”rotating black- 
out” by the media and even the 
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electric utility industry itself. The 
purpose of manual load shedding is 
to reduce the peak-load requirements 
in a specific electric bulk power 
supply control area (which may be a 
single utility, a group of utilities, or a 
large power pool such as PJM). It is 
used only when the total power 
requirements in a specific control area 
exceed or are projected to exceed the 
actual total available power supply. 
This total power supply is the sum of 
the operating electric generation plus 
the power available through the 
transmission interconnections with 
other control areas. 

Manual load shedding is the last 
and most drastic step in the manage- 
ment of the bulk electric energy 
supply system, and is employed only 
after all available demand-side 
management (DSM) systems (includ- 
ing customer appeals and the direct 
control of selected customer loads) 
and reductions in system voltages (of 
3 to 7 percent) have been imple- 
mented. Manual load shedding, in 
contrast to automatic underfrequency 
load shedding, is a system-operator- 
controlled operation that is usually 
implemented only on radial distribu- 
tion (2.4/4.14 kV to 19.9/34.5 kV) 
circuits by distribution system opera- 
tors via System Control and Data 
Acquisition (SCADA) systems. 

The operating procedures of all 
electrical control areas contain de- 
tailed procedures for manual load 
shedding. Usually, these procedures 
specify the process to be employed to 
disconnect the load and the amount of 
the load expected to be dropped. 
Some electric utility SCADA systems 
are sophisticated enough to be 
programmed to take disconnection 
actions until a certain amount of load 

is disconnected. Manual load shed- 
ding becomes a rotating blackout 
shortly after it is initiated, because 
utilities attempt to minimize customer 
inconvenience by returning a distribu- 
tion feeder circuit to service within a 
reasonable time after its interruption, 
and after another feeder is inter- 
rupted to maintain approximately the 
same amount of load interrupted. 

In the past, most manual load 
shedding operations have occurred 
during the summer peak-load period, 
and operating procedures of some 
utilities allowed the disruption period 
to extend for about an hour or a little 
longer. The use of manual load 
shedding in winter, however, poses a 
number of potential serious public 
health and safety problems (mostly 
linked to the operation of home 
heating systems); therefore, the 
interruption periods are much shorter. 
During the power shortages of 
January 19,1994, the data from the 
involved utilities indicate that the 
interruptions ranged from 10 to 25 
minutes, with most in the 10- to 15- 
minute range. Sometimes, when 
electrical load is interrupted on a 
distribution feeder at a substation 
through SCADA control and then 
restored remotely, a phenomenon 
known as “cold load pickup” causes 
other problems, such as line 
sectionalizer lockouts or blown line 
fuses. When this occurs, the length of 
the customer outage is significantly 
extended because an electrical service 
person must come to the location, 
ascertain the problem, and take the 
appropriate corrective action. 

shedding by the Baltimore Gas and 
Electric Company, a ”cold load 
pickup” problem occurred in the 

During the January 19 manual load 
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Columbia, Maryland, area, and the 
subsequent customer outage lasted 
several hours. 

Keeping the outage period short is 
a key element in reducing the number 
of ”cold load pickup” problems. Most 
electric utilities involved in the 
January 1994 crisis have prepared and 
tested media relation programs that 
explain what is happening during a 
manual load shedding, and they 
provided specific procedures for 
customers to follow when their load 
was disrupted for more than the 
prescribed time. Without such proce- 
dures the public health and safety 
impacts of manual load shedding 
could be exacerbated. 

To mitigate the potential public 
health and safety impacts of manual 
load shedding operations, utilities- 
with the approval of their State 
regulatory agency-exempt certain 
circuits that supply hospitals, public 
safety facilities, or similar loads. 
Identifying these loads before a 
manual load shedding becomes 
necessary is a key preparedness 
activity. The exemption of feeder 
circuits must be minimized or there 
could be very little load left to be shed 
in an emergency For this reason, the 
appropriate State regulatory agencies 
often are directly involved in approv- 
ing circuits for exemption. During the 
manual load shedding of January 19, 
some hospitals, natural gas compres- 
sor stations, and other critical loads 
were disrupted. Adjustments were 
made by the involved utilities to 
remove these critical circuits from the 
next rotation once the problems with 
the manual load shedding were 
accurately defined. 

in an electric utility service area that 
Because of technical reasons, areas 

are supplied by networks are usually 
exempt from manual load shedding 
operations. These networks are used 
by electric utilities that serve large 
metropolitan areas to provide a 
higher degree of service reliability 
These service arrangements are 
justified by the fact that the load 
density in these areas is usually very 
high, and there is the possibility of 
severe public health and safety 
problems during a manual load 
shedding. Networks are supplied by 
multiple underground cables that 
may originate at different bulk 
transmission substations. Restoring 
urban underground electrical cable 
system networks presents many 
special technical challenges-all 
feeders could have to be connected at 
the same time, or there could be an 
overload on the remaining feeders, 
which could cause significantly more 
severe equipment damage. The Public 
Service Commission of the District of 
Columbia examined Pepco’s actions 
during January 1994 and concluded 
that exempting networks from 
manual load shedding operations was 
an appropriate and proper action. 

CHRONOLOGY 
OF THE MAJOR EVENTS 
OF JANUARY 1994 
The actions taken by energy supply 
entities during January 1994, along 
with government actions, are de- 
scribed in the following paragraphs. 
A detailed chronology of major events 
during the crisis period, beginning 
with PJMs Cold Weather Message on 
January 13, is provided in Appen- 
dix C. In general, the actions taken by 
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electric utilities were those they had 
implemented in the past to deal with 
similar power shortages during peak- 
load periods. PJM, for instance, has 
dealt with abnormal demand/supply 
events a number of times in the past 
(Appendix E) and has developed 
effective response procedures. 

Role of PJM 

The Pennsylvania-New Jersey- 
Maryland Interconnection Associa- 
tion is composed of 11 electric energy 
supply entities in the Mid-Atlantic 
region. From its control center near 
Valley Forge, Pennsylvania, PJM 
controls the electric system opera- 
tions in the same area as MAAC, an 
electric reliability council composed 
of major investor-owned utilities. 
PJM is responsible for coordinating 
the dispatch of the power generators 
owned by its members and for 
operating the bulk power transmis- 
sion system in the region. It is a single 
control area and the largest power 
pool in the country. 

tight power pool (that is, it operates 
as a single system wherein there is 
constant ”free flowing” energy 
among its member companies). 
About 60 percent of its installed 
capacity is under automatic control. 
PJM also ensures that its members 
follow the established NERC operat- 
ing criteria and guides in the NERC 
Operating Manual. 

There is a formal agreement 
among the PJM members that has 
been approved by the Federal Energy 
Regulatory Commission. The agree- 
ment principally covers the economic 

PJM is a highly integrated, formal, 

aspects of PJM operations, including 
provisions for both electric energy 
exchange among members and with 
outside parties. In addition to this 
agreement, PJM has developed a set 
of operating procedures, including 
actions in power supply emergencies, 
that apply to all of its members. The 
load reductions of specific PJM 
procedures are listed in Table 2-2. 

PJM strives to enhance the ad- 
equacy and reliability of the bulk 
electric power supply of its members 
and to achieve economic efficien- 
cies-and therefore savings-for its 
member utilities. PJM has an exten- 
sive data and voice communications 
network with and among its mem- 
bers. This communications network 
uses dedicated commercial telephone 
system circuits along with microwave 
and fiber-optic systems owned and 
operated by member utilities. Eco- 
nomic bulk power system operations 
data and bulk transmission system 
status reports are routinely shared 
among the members through these 
communications networks. However, 
the PJM agreement does not cover the 
operations of the lower voltage power 
distribution and secondary systems 
used to deliver electric power to its 
customers, nor does PJM become 
involved in the acquisition of fuel or 
the management of fuels at individu- 
ally or mdtiparty-owned-and- 
operated generating stations. 

PJM Actions 

Section 2 of the PJM operating guide- 
lines provides for and describes the 
required actions for issuing alerts and 
warnings to member organizations 
when appropriate. In accordance with 
these guidelines, on Friday January 
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Table 2-2. PJM Emergency load-Reduction Procedures 
(in order of implementation) 

load-Reduction Procedure 

Estimated Peak 
load Reduction 

(megawatts) 

1. Curtailment of nonessential power company station light 

2. Curtailment of controllable interruptible/curtailable loads 
and power 

3. Five-percent voltage reduction 
4. Curtailment of nonessential load in power company 

buildings 
5. Voluntary customer load curtailment as required, 

up to maximum shown on a procedural basis 
6. Radio and television load curtailment appeal 

7. Manual load dumping (”rolling blackouts”) 

75 
1,700 (summer) 

1,000 (winter) dependent 
on customer response 

750 

25 
525 (summer) 
400 (winter) 

Dependent on 
public response 

As required 

14, PJM issued a Cold Weather Alert 
as specified in section 4.4. The alert 
lasted from 5:OO A.M. to 9:OO P.M. on 
Sunday January 16. The PJM guide- 
lines state that such alerts are to be 
issued in advanre of a scheduled load 
period so member organizations have 
sufficient time to prepare for the 
anticipated conditions. 

Under a Cold Weather Alert, 
dispatchers are to assume a higher 
rate of unavailability of power 
purchases from the west, thereby 
making PJM more dependent on its 
own generating resources. In addi- 
tion, PJM dispatchers are required to 
furnish an estimated running rate for 
the ”highest priced” combustion 
turbine, presuimbly so PJM utilities 
can prepare for additional operation 
of these combustion turbines. In 
addition to these actions, the Cold 
Weather Alert requires member 

utilities to assign operating staff and 
maintenance capabilities to ensure the 
availability of any needed combustion 
turbines and to ensure that the 
appropriate cold-weather additive is 
added to the fuel supply of units 
using No. 2 fuel oil. 

The PJM Cold Weather Alert 
triggered a number of actions by its 
member utilities. DOE is not in a 
position to evaluate the appropriate- 
ness or consistency of the actions 
taken. However, it is clear that the 
principal cause for the mandatory 
PJM load shedding on Wednesday 
January 19,1994, was the unavailabil- 
ity of the installed generation in the 
PJM area. 

Fuel shortages and fuel-handling 
difficulties due to the extremely low 
temperatures have been identified as 
major factors in this unavailability. 
Because of a much-higher-than- 
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normal or -expected usage of genera- 
tors (especially some combustion 
turbines using light fuel oil), the fuel 
supply at several PJM generating 
stations had become very limited or 
exhausted by the evening of Sunday, 
January 16,1994. Icy and snow- 
covered roads, along with the frozen 
Delaware and Schuylkill Rivers, 
prevented or limited fuel resupply 
activities. 

holiday, and Federal and most State 
government agencies and many 
industrial concerns in the PJM area 
were closed. Historically, both the 
peak load and energy supply require- 
ments on a Federal holiday are less 
than on a normal Monday in January, 
so PJM dispatchers operated the PJM 
network on the 17th without imple- 
menting any special or emergency 
procedures. However, both the peak 
load and energy supply needs were 
much higher than had been expected. 
An additional complicating factor on 
this day was snowfall in many areas 
throughout the PJM area; for example, 
Harrisburg, Pennsylvania, received 
more than 17 inches. 

On the morning of Tuesday, 
January 18, PJM achieved a high peak 
load that required a high level of 
power purchases from adjoining 
utility systems. This peak load 
identified a potential problem for the 
evening peak that was expected 
around 6:OO P.M. Several executive- 
level telephone conference calls 
among the member organizations 
were conducted, and the PJM dis- 
patchers made arrangements to 
purchase all available power from 
APS to the west and NYPP to the 
north. Between 6:OO and 700 P.M., PJM 
established a record winter peak load 

Monday, January 17, was a Federal 

of 41,350 MW, exceeding its previous 
winter peak load of 38,100 MW in 
December 1989. To supply this record 
peak load, PJM issued several alerts 
and warnings, including the follow- 
ing: Maximum Scheduled Generation 
at 3:40 P.M., Maximum Emergency 
Generation at 4:30 P.M., Voltage 
Reduction Warning at 4:48 P.M., and 
Manual Load Dump Warning at 5:08 
P.M. Between 700 and 9:OO P.M., PJM's 
spinning reserve was at zero as it 
struggled to supply the load. 

After 9:OO P.M. the load requirement 
began to decrease, and PJM's spin- 
ning reserve increased to nearly 2,100 
MW by midnight. After the record 
peak load on Tuesday evening, PJM 
updated its power supply assessment 
for Wednesday morning, January 19, 
and determined that it would be able 
to meet load requirements. However, 
temperatures on the night of January 
18 and during the early morning 
hours of January 19 plummeted to 
lower-than-projected levels, causing 
system peak load and energy require- 
ments for this period to be much 
higher than had been projected. 
Following the loss of a large coal-fired 
generating unit at the Conemaugh 
Station in the early morning, PJM 
made another assessment of the 
expected situation during the 
Wednesday morning peak load and 
determined that it probably could 
obtain some additional power from 
NYPP. A technical study was required 
to increase the power transfer limits. 
However, PJM did issue a series of 
alert and warning orders to its 
member utilities. Among these orders 
were the following: Primary Reserve 
Warning at 3:55 A.M., System-Wide 
Voltage Reduction Warning at 5:06 
A.M., the Implementation Order at 6:45 
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A.M., and radio and TV appeals urging 
customers to minimize their electric 
use. By 7:OO A.M., the PJM spinning 
reserve had dropped to zero. 

As the conditions changed during 
the early morning of January 19, PJM 
dispatchers were involved in many 
telephone calls with Eastern Intercon- 
nection management and the execu- 
tives of the member utilities. There 
were several conference calls involv- 
ing the PJM Operating and Mariage- 
ment Committees. System frequency 
in the PJM area and throughout the 
Eastern Interconnection had fallen 
below the nominal 60 Hz by a few 
hundredths of a cycle in the early 
morning hours, but there were some 
limited periods of frequency recovery 
to nearly 60.0 Hz (Figure 24) .  Electric 
utility system operators in many areas 
of the Eastern Interconnection com- 
municated extensively with neighbor- 
ing and nearby electric utility systems 
to ensure that any available genera- 
tion was on line, and/or took action 
to buy or sell all available power. 

Despite the extensive communica- 
tion among PJM, VEPCo, APS, AEP, 
and many other utilities in the eastern 
area of the Eastern Interconnection, 
there were, after the fact, reports from 
the MAIN (Illinois, Wisconsin, Iowa, 
and Missouri) and SPP (Arkansas, 
Missouri, Oklahoma, Mississippi, 
Kansas, eastern Texas, and Louisiana) 
regions of the interconnection at a 
NERC meeting in April 1994 indicat- 
ing that, for the most part, they were 
unaware of the developing critical 
power supply situation in the eastern 
areas of the interconnection until it 
was mostly over. 

Although power flows from the 
west to the east across the ECAR 
region were very heavy and near load 

limits, no control area has provided 
any documentation of any overload 
on the interconnection, or other major 
uncorrectable problem, that would 
have been caused by the flow of some 
additional amounts of power to PJM 
or VEPCo-power that could have 
partially mitigated the developing 
crisis. FERC’s evaluation of the bulk 
power transmission system failed to 
identify any contractual constraints 
that may have prevented the flow of 
additional power to the PJM or 
VEPCo areas. 

Shortly after 6:OO A.M. on January 
19, two 500-kV transmission lines- 
one in the PJM area, one in the APS 
area-tripped. The loss of these lines 
and the increasing loads exacerbated 
the overall bulk power supply situa- 
tion, and system frequency began to 
drop (Figure 24 ) .  Levels I and I1 of a 
Reliability Coordination Plan (RCP) 
involving PJM, VEPCo, and APS had 
been previously implemented to 
alleviate some APS system voltage 
and transmission line-loading prob- 
lems. The RCP implementation placed 
special coordination requirements on 
VEPCo, APS, and PJM for additional 
power transfers and established the 
need to possibly require generation 
adjustments, a freeze on power 
transfers, or even a reduction in 
power transfers. Despite all these 
actions, system frequency continued 
to drop, with a sharp drop between 
6:30 and 700 A.M. when it reached a 
low of 59.91 Hz. Because the PJM 
peak-load requirements had exceeded 
projected levels and were more than 
the available generating capacity, 
PJM-as required by the NERC 
operating procedures stating that no 
control area is to ”lean” on the 
interconnection to the detriment of 
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the other operating systems-was 
required to take action. At 705 A.M., 

PJM made the decision to manually 
shed 500 MW of load. Following this 
manual load shedding, the system 
frequency began to recover, and there 
appeared to be some lessening of load 
requirements, apparently due to 
consumer responses to the radio and 
TV appeals. With this apparent load 
stabilization and the arrest of the 
frequency decline, PJM at 741 A.M. 

directed its members to restore all 
manually shed load. 

With the rotating ”blackouts,” the 
seriousness of the situation became a 
constant media subject, and consum- 
ers appeared to cooperate extensively 
by minimizing their electricity re- 
quirements. The PJM member utilities 
initiated many actions to inform the 
public of the situation and to request 
their assistance in reducing the PJM 
peak-load requirement. All available 
demand-side-management schemes 
were activated, and direct contacts 
with large commercial and industrial 
customers were made, in accordance 
with preestablished procedures, to 
request them to minimize their 
electrical load requirements. 

The Department of Energy’s 
Headquarters in Washington was 
contacted by AI’S for assistance in 
approving the reduction of the load 
requirements of the nuclear fuel 
enrichment facility in Portsmouth, 
Ohio. This DOE load was reduced by 
365 MW by 1O:OO P.M. that day. 

By 8:OO A.M. conditions on the PJM 
system had improved significantly, 
and an emergency sale of 500 MW 
was made to VEPCo to help it meet its 
growing loads. However, the power 
supply conditions in the PJM area 
began to deteriorate again, and the 

sale was curtailed at 8:15 A.M. The loss 
of this power exacerbated the condi- 
tions on the VEPCo system, which 
initiated manual load shedding 
shortly thereafter. The New York 
Power Pool instituted a 5-percent 
systemwide voltage reduction at 8:22 
A.M. to make additional increments of 
power available for delivery to PJM. 

As the morning passed, PJM load 
requirements continued to increase, 
causing the system frequency to begin 
to decline again. With the power flow 
on the transmission connections from 
New York approaching its FCITC 
limit, PJM decided to reinstitute 
manual load shedding in the PJM area 
at 9:22 A.M., ordering its member 
entities to shed 500 MW at that time. 
An additional 500 MW was shed at 
1O: lO  A.M. and another 500 MW at 
11:44 A.M., for a total of 1,500 MW of 
customer load rotated in and out of 
service. The average load disruption 
lasted from 10 to 30 minutes. PJM 
directed its members to begin the 
restoration of all manually curtailed 
loads at 12:54 P.M., and this action was 
completed by 1 : 0 7 ~ . ~ .  

Around 9:OO A.M. on Wednesday, 
January 19, NYPP, at the request of 
PJM, initiated a reevaluation of the 
FCITC between these two adjacent 
regions. By 11:12 A.M., the necessary 
technical studies had been completed, 
and the limit was increased from 
3,000 MW to 3,600 MW, thereby 
enhancing NYPP’s capability to 
provide assistance to PJM. In a similar 
situation, the Florida Coordinating 
Group of the Southeastern Electric 
Reliability Council and the Georgia 
Power Company reevaluated their 
limits on power flows from Florida to 
Georgia via the available transmission 
interconnections; the previously 
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established limit of 1,300 M W  was 
increased to 3,000 M W  (in increments 
of 500 megawatts) as security studies 
indicated. 

Virginia Electric 
and Power Company 
Actions 
Virginia Power and North Carolina 
Power are operating organizations of 
the Virginia Electric and Power 
Company (VEPCo). VEPCo’s execu- 
tive headquarters and systems 
operations office are both in Rich- 
mond. Virginia Power supplies 
electric power to most of central and 
eastern Virginia and a iarge portion of 
northern Virginia. North Carolina 
Power supplies consumers in north- 
eastern North Carolina. VEPCo is a 
separate control area like PJM and as 
such has operating procedures in 
accordance with the NERC Operating 
Manual. VEPCo is a member of the 
Virginia-Carolinas (VACAR) subre- 
gion of SERC. 

peak load on Saturday, January 15, 
and saw this peak load exceeded 
again on Tuesday evening, January 
18. Many other electric utilities 
experienced similar conditions. After 
implementing its DSM system (in- 
volving mostly hot-water heaters and 
direct contacts with their large 
commercial and industrial custom- 
ers), a Tuesday evening peak load of 
13,422 MW was established at 700 
P.M., only to be surpassed by a 9:OO P.M. 

peak load of 13,478 MW. The usual 
time for evening peak loads in the 
winter is 700 P.M.; therefore, the 9:OO 
peak load was very unusual. It is 
likely that the reconnection of the 
water heaters for the 700 P.M. peak 

VEPCo experienced a new system 

and low temperatures combined to 
create this unusual peak-load time. 
The system load declined to 12,427 
MW at 1:00 A.M. on Wednesday, 
January 19, and then began to in- 
crease again. Another oddity occurred 
when VEPCo experienced a new 
winter peak load of 14,877 MW at 8:OO 
A.M. despite the use of its DSM system 
and radio and TV appeals asking 
customers to minimize their electric 
use. VEPCo estimates that without 
these actions their peak load would 
have been around 15,600 MW. 

On Tuesday evening, as the new 
peak loads were being established, 
VEPCo utilized its short-term daily 
load projection computer model to 
plan for the next day’s operations. 
This model indicated that its peak 
load should have been about 13,800 
MW and that a total of 15,337 MW of 
generation capacity and purchased 
power would be available to serve 
this load. These modeling results 
assumed the availability of 3,125 MW 
of power from nonutility generators 
(NUGs) that had contracts with 
VEPCo. However, nearly 1,100 M W  of 
this NUG capacity was not available 
Wednesday morning. In addition, 
some power purchases from other 
systems were not available because of 
the low temperatures over much of 
the Eastern Interconnection and some 
forced generating outages on other 
systems. 

Another factor in VEPCo’s supply 
shortage and manual load shedding 
on January 19 was the limits on the 
output of the Bath County Pumped 
Storage Plant near Staunton, Virginia, 
a generating station VEPCo jointly 
owns with APS. VEPCo has 1,260 MW 
of generation at Bath County. Because 
it is a pumped storage facility, the 
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amount of generation available 
depends on the water available in the 
upper reservoir, which must be 
pumped to that location using the 
generators as pumps during periods 
of light load. 

The VEPCo system operator had 
made heavy usage of the Bath County 
generators during the peak loads of 
Tuesday evening, which reduced the 
water available in the upper reservoir 
to operate the generators. Because in 
normal situations, and even according 
to the available computer models, the 
load level significantly decreases 
during the late night and early 
morning hours, it was anticipated that 
the upper reservoir could be refilled 
by the time of the peak load on 
Wednesday morning. However, as 
previously stated, load levels re- 
mained high throughout the night, 
and there was no power available 
from VEPCo generating stations or 
other nearby utilities to refill the 
upper reservoir before the Wednesday 
morning peak. 

According to VEPCo, the most 
significant element of its power 
supply shortages on Wednesday, 
January 19, was the inaccuracy of its 
short-term peak-load forecasting 
computer model in the system 
operator’s office. This system, based 
on the expected low temperatures, 
had projected a peak load for Wednes- 
day morning of 13,800 MW, which 
turned out to be 1,800 MW lower than 
the estimated potential load of 15,600 
MW. VEPCo officials indicated that 
had the short-term load model 
provided a more realistic number for 
the projected peak loads, they would 
have taken a number of additional 
actions, such as public appeals, 
during the night and early the next 

morning that may have prevented the 
need for manual load shedding. 

At 3:lO A.M. on Wednesday, January 
19, the on-duty system operator 
notified VEPCo management that the 
early morning loads were much 
higher than projected and that there 
were some possible major problems 
on the horizon. At 5:32 A.M., a decision 
to institute public appeals on radio 
and TV was made and the agpropri- 
ate actions initiated. Because of the 
timing of these appeals, very little 
effect was realized immediately. At 
5:43 A.M., VEPCo activated its Plan IIB 
and began to directly contact its 
industrial customers, requesting them 
to reduce their current and expected 
load requirements for the morning of 
January 19. With the system power 
supply condition very tight, VEPCo 
implemented a systemwide voltage 
reduction at 6:17 A.M. and continued 
efforts to purchase all available 
power. A 200-MW load diversity 
contract delivery to APS was can- 
celled to make more capacity avail- 
able for VEPCo’s own loads. 

When PJM manually shed load at 
705 A.M., the situation in the Eastern 
Interconnection was ameliorated to 
some degree. The VEPCo situation 
improved substantially beginning at 
8:OO A.M., when PJM initiated the sale 
of 500 MW under the provision of an 
emergency purchase tariff. Unfortu- 
nately PJM notified VEPCo at 8:15 
A.M. that this sale would be cancelled 
in 5 minutes (at 8:20 A.M.) because of 
conditions on the PJM system. VEPCo 
made an immediate decision to 
institute manual load shedding of 400 
MW, which began at 8:22 A.M. At 8:45 
A.M. another block of 400 MW was 
placed in the manual load shedding 
program, for a total of 800 MW of 
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load manually shed on a series of 
rotating interruptions, each of which 
lasted approximately 15 minutes. 

As system conditions improved 
because of additional power available 
for purchase and the lowering of 
consumer load requirements in 
response to public appeals, the 
amount of manual load shedding was 
gradually reduced in four 200-MW 
blocks beginning at 11:OO A.M. The 
second 200-MW block was restored at 
11:30 A.M., the third at noon, and the 
last at 12:15 P.M. 

Allegheny Power System 
Actions 

The Allegheny Power System is a 
holding company for the West Penn 
Power Company, which serves a large 
area of western Pennsylvania; the 
Monongahela Power Company, which 
serves a portion of West Virginia; and 
the Potomac Edison Company, which 
serves portions of Maryland and 
Virginia. APS, a member of the East 
Central Area Reliability Coordination 
Agreement, is a single control area 
and operates a system control center 
in Greensburg, Pennsylvania, that 
covers geographic regions in Pennsyl- 
vania, Maryland, Virginia, and West 
Virginia. Its bulk transmission system 
connects to PJM to the east, to Vir- 
ginia Power to the south and east, and 
to AEP and other ECAR members to 
the west. Its location is critical to most 
electric power flows from the west to 
PJM or VEPCo. 

conditions as PJM and VEPCo over 
the weekend and on the Federal 
holiday on January 17. By the after- 
noon of Tuesday, January 18, the APS 
system was facing a peak-load 

APS experienced many of the same 

projection that would have been 
difficult to supply. Public radio and 
TV appeals and direct commercial 
and industrial customer contacts were 
made to lessen the expected peak- 
load requirements. Despite these 
actions and a 5-percent systemwide 
voltage reduction initiated at 5:40 P.M., 

APS experienced a system peak load 
of 7,153 M W  on Tuesday evening- 
7 percent higher than the previous 
winter. The systemwide voltage 
reduction continued until 11:27 A.M. 

on Wednesday, January 20. 
The APS system lost a 555-MW 

generator on Saturday, January 15, 
and then another 550-MW generating 
unit on Tuesday morning, January 18, 
because of forced outages. Both units 
experienced boiler tube ruptures, 
which require several days to repair. 
With the forced outage of these two 
large generating units, APS had to 
import additional power from the 
west to ensure adequate power to 
supply its customers. These increased 
imports by APS reduced the power 
that could flow through the APS 
system to meet the emergency re- 
quirements of either PJM or VEPCo, 
because these high power flows to 
APS loaded the APS transmission 
system to near its capacity Levels I 
and I1 of the RCP were implemented 
in response to these indicators, and to 
allow the maximum power to be 
made available to every system 
needing it. 

Other Electric Utility 
System Actions 

Most electric utilities in the Eastern 
Interconnection took actions involv- 
ing only their system to assist their 
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neighboring systems. Some of these 
actions were as follows: 

H Indianapolis Power and Light 
Appeals to industrial and large 
commercial customers; public 
appeals 

H Duquesne Light Company: Public 
appeals; appeals to large commer- 
cial and industrial customers 

H Carolina Power and Light: Water 
Heater Control Program; 5 percent 
system voltage reduction 

H Tennessee Valley Authority: 
Curtailment of Economy Energy 
sales; public appeals; distribution 
load reduction programs 

ruptible industrial customer loads; 
appeals to large commercial and 
industrial customers 

heater control program; standby 
generator program 

H East Kentucky Cooperative: Public 
appeals; appeals to large commer- 
cial and industrial customers 

Appeals to large commercial and 
industrial customers 

H Ohio Edison: Interruptible custom- 
ers; appeals to large commercial 
and industrial customers 
New York Power Pool 5 percent 
systemwide voltage reduction 

H American Electric Power: Inter- 

H Duke Power Company: Water 

H Cincinnati Gas and Electric: 

The above list was taken from the 
NERC report on the events of January 
1994 and is included as a demonstra- 
tion of the cooperation and mutual 
support in the electric energy supply 
industry. 

Communications 
and Coordination 

Throughout the Northeastern United 
States and Eastern Canada, the 
operations systems of the major 
electric energy supply control areas 
communicate through a wide-area 
computer network known as ORNS. 
This name is derived from the group 
of northeastern electric utility systems 
operations representatives that 
established it many years ago as a 
teletype network. ORNS currently has 
terminals at Ontario Hydro in 
Toronto; Canada American Electric 
Power in Columbus; the Ohio Michi- 
gan Electric Coordination Center in 
Ann Arbor; the Michigan Cleveland 
Electric Illuminating Company in 
Cleveland, Ohio; Ohio Edison in 
Canton, Ohio; the Allegheny Power 
System in Greensburg, Pennsylvania; 
the PJM Interconnection in Valley 
Forge, Pennsylvania; VEPCo in 
Richmond, Virginia; the New York 
Power Pool in Schenectady New 
York; and the New England Power 
Exchange in Holyoke, Massachusetts. 

ORNS has protocols for informa- 
tion sharing and is used extensively 
during emergencies to share informa- 
tion on the condition of the electric 
power supply. Despite ORNS’s 
extensive use for electric utili%ty bulk 
power supply operations, it is not 
described in the NERC Operating 
Manual. 

NERC sponsors an Eastern Inter- 
connection Interregional Emergency 
Telephone Network that uses dedi- 
cated telephone circuits with two- 
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digit dial codes. This network is 
commonly known as the NERC 
Hotline. According to the NERC 
Operating Manual, ”this telephone 
network is intended for emergency or 
near-emergency situations of a nature 
which involve or affect the Eastern 
Interconnection and when time is a 
major factor in recognition.” There is 
a single terminal within each of the 
regional reliability councils in the 
Eastern Interconnection. Each termi- 
nal operator is responsible for the 
further dissemination of Hotline 
information in its council area per 
established procedures. The only 
identified use of this communications 
system on January 19,1994, was a 
request by the Carolina Power and 
Light Company in Raleigh, North 
Carolina, at 6:15 A.M. for emergency 
assistance. 

Within the next 2 years, a group of 
electric utilities, mostly in the North- 
east and mostly the same as those on 
ORNS, will have developed and 
begun to install equipment for 
another wide-area data exchange 
network-the Informational Data 
Exchange Committee network, or 
IDEC system. IDEC now extends 
beyond the ORNS members to 
include Duke Power Company in 
Charlotte, North Carolina. IDEC is 
intended to process and share selected 
key bulk power system operating 
data among the involved systems. 
Much of this information will be 
provided to IDEC via telemetry points 
at critical points on the involved 
utility systems. 

plete in January 1994. 
Installation of IDEC was incom- 

CANADIAN ASSISTANCE 
Canadian utility members of the 
Eastern Interconnection provided 
substantial assistance to US. systems 
during the emergency Even though 
low temperatures in Canada resulted 
in high domestic demands for electric 
power, sufficient additional resources 
were available to provide large 
amounts of needed capacity and 
energy to utilities in New York, 
Michigan, and Minnesota. On Janu- 
ary 18, for instance, the Hydro- 
Quebec system met a new all-time 
domestic peak demand of 30,345 MW 
while fulfilling supply contracts with 
other Canadian systems; and it also 
provided a maximum of 3,500 MW to 
U.S. utilities. On January 19, Ontario 
Hydro sold a combined total of 4,119 
MW to utilities in New York and 
Michigan; the previous record was 
3,208 M W  sold on December 21,1979. 
On January 20, the Manitoba Hydro- 
Electric Board furnished 912 MW to 
U.S. utilities in the north-central part 
of the Eastern Interconnection. This 
inflow of power from Canada also 
allowed the northernmost US. 
systems to contribute power to 
utilities farther south? 

STATE AND LOCAL ACTIONS 
State and local governments took a 
variety of actions to deal with the 
energy supply problems of January 
1994, including issuance of emer- 
gency waivers of transportation and 
environmental regulations; situation 
monitoring; clearing of ice from 
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roads; arrangement of deliveries of 
natural gas, fuel oil, propane, and 
kerosene; and expanded public health 
and safety services. In New Jersey, 
Pennsylvania, Virginia, and the 
District of Columbia, Declarations of 
Energy Emergency were issued. These 
declarations varied widely in their 
provisions, from temporarily restrict- 
ing and closing business establish- 
ments to shutting down government 
operations. 

Each State’s energy emergency 
response activities are organized 
differently, but typically a State 
energy office and the State agency 
that regulates utilities will be in- 
volved with the State’s separate 
emergency management office. 
County offices are also an important 
part of the emergency response 
structure in many States. 

Pennsylvania provides an illustra- 
tion of State government activities 
during January 1994.5 The Pennsylva- 
nia State emergency management 
office was first notified of utility 
problems on Wednesday, January 18, 
several days after utilities were aware 
of potential problems. The State 
public utility commission alerted the 
energy office that a utility had lost 
several large units and might have 
trouble meeting demand. Because of 
voltage reductions, interruptible 
customer cutoffs, and rolling black- 
outs, the State government lost phone 
service for a short period, a refinery in 
Philadelphia had to shut down, and 
fuel suppliers had difficulty pumping 
critically needed product into their 
trucks. At the request of PJM, the 
State government attempted to reduce 
statewide load. Governor Casey 
expanded the State’s Declaration of 
Emergency to include the entire State 

and requested voluntary commercial 
and industrial closings. 

Frozen rivers in Pennsylvania 
prevented delivery of coal and fuel oil 
by barge. The Philadelphia Electric 
Company requested and received 
assistance from the U.S. Coast Guard, 
which brought icebreakers in from the 
Atlantic Ocean to free fuel barges. The 
Pennsylvania National Guard worked 
24 hours a day assisting in deliveries 
of fuel oil to two Philadelphia Electric 
Company oil-fired turbine facilities 
and a Philadelphia cogenerator, and 
also coordinated emergency shelter 
activities. 

FEDERAL GOVERNMENT 
ACTIONS 

The Federal Government took a 
number of actions to deal with the 
cold-weather episode, including the 
following: 

w The Department of Energy reduced 
the electrical demand of its facility 
at Portsmouth, Ohio, by 365 MW in 
compliance with a request by the 
Allegheny Power System to reduce 
load 

icebreakers to assist in moving fuel 
barges on frozen rivers 

D.C., and most areas of Pennsylva- 
nia were closed, except for the most 
essential activities, on January 20 to 
reduce demand on the Pepco 
system 

w The U.S. Department of Transpor- 
tation declared a regional emer- 
gency to allow interstate carriers to 

w The U.S. Coast Guard provided 

w Federal buildings in Washington, 
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function in the region without all 
standard permits 

the Environment, to allow out-of-state 
vehicles to immediately begin transporting 
fuel oil to Maryland facilities. 

H A regional emergency declared by the U.S. 
Department of Transportation, to allow 
interstate carriers to function in the region 
without all standard permits. 

H Lifting of weight restrictions on fuel vehicles 
by the Virginia Department of Transporta- 
tion, allowing carriers to "bypass" the scales 
and expedite fuel oil deliveries. 

Notes 

'These responses are documented in 
testimony before the Subcommittee on 
Energy and Power of the House Commit- 
tee on Energy and Commerce by Phillip G. 
Harris, President of PJM, February 9,1994, 
by John M. Derrick, Jr., President and 
Chief Operating Officer, Pepco, March 17, 
1994; and by Larry W. Ellis, Senior Vice 
President, Virginia Power, March 17,1994, 
and in testimony before the Washington, 
D.C., Public Service Commission by Paul 
Dragoumis of Pepco, (Volume I1 of IV), 
April 4, 1994. 
2Waivers reported by Pepco in Volume I1 

of its testimony before the D.C. Public 
Service Commission included the 
following: 

3Holiday loads are generally typical of 
weekend loads, when many commercial 
and government establishments are 
closed. 

4Letter dated May 4,1994, from the 
Canadian Embassy in Washington, D.C., 
to Dennis K. Taillie, Director, Office of 
Emergency Planning, U.S. Department of 
Energy, and subsequent information 
furnished by Hydro-Quebec. 

5Pennsylvania State events are docu- 
mented in testimony before the House 
Subcommittee on Energy and Power by 
~~i~~ T. Castelli, Executive Director, 
Pennsylvania Energy Office, February 9, 
1994. 

H Hours of service exemption for Commercial 
Motor Vehicle Drivers (CMV) from Mary- 
land, D.C., and Virginia to allow drivers to 
"book" extra hours and continue to operate. 
(This exemption also applied to Pepco's 
electric system repair crews, enabling them 
to work longer hours in response to weather- 
related customer outages.) 

certificates by the Maryland Department of 
H Waiver of Maryland oil vehicle operator 
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Natural gas demand during the week 
of January 16,1994, approached 
record levels. The 2,538 billion cubic 
feet (bcf) of gas consumed in January 
1994 was the highest level smce 
January 1973. Had the West not been 
warmer than normal, a national all- 
time consumption record might have 
been established. Further, the gas 
supply in January 1994 was delivered 
to more users, and over a significantly 
greater area, than in January 1973 
(this is because large volumes of sales 
in 1973 went directly to powerplants 
in the Southwest and to other indus- 
trial boiler-fuel users, which also 
reduced the burden on distribution 
systems as compared with January 
1994). 

On average, natural gas use in 
consuming regions in January is about 
twice that of August; during the 
winter months, any significant 
departure from normal temperatures 
will directly and immediately increase 
demand for natural gas. January 1994 
is an excellent example of a monthly 
peak that was created by extremes in 
a few daily peaks that occurred 
during the week of January 16-22. 
(Monthly peaks are calculated by 
summing daily peaks; in a "normal" 
winter month, wide variations in 
daily supply and demand are com- 
mon.) 

In a survey of 21 pipeline compa- 
nies that supplied the Eastern United 
States during the week of January 
16-22, the Interstate Natural Gas 
Association of America (INGAA) 
found that the throughput level for 
the week represented an all-time high 
and was larger than the sum of the 
historic peaks from any year for the 
21 pipelines surveyed. INGAA 
reported that 12 pipelines equalled or 
exceeded all-time weekly throughput 
levels. On average, the throughput 
level for the 12 pipelines was 9 per- 
cent higher than previous all-time 
highs. Four pipelines also met or set 
all-time highs for the week for storage 
withdrawals. 

New all-time daily highs were also 
set: The INGAA survey reported new 
records for send-out, market deliver- 
ies, scheduled transportation, and 
throughput, and eight pipelines set 
all-time records for individual days. 
On average, these records were 
8 percent higher than previous 
records. 

Peak-day demand can significantly 
exceed the supply of gas from current 
production and imports. Deliver- 
ability, particularly during demand 
surges, depends heavily on the 
availability of natural gas in storage. 
Energy Information Administration 
(EM) data show that 723.8 bcf of gas 
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was withdrawn from storage in 
January 1994 for the entire United 
States. This is a monthly record and a 
30-percent increase over January 1993. 

The American Gas Association 
(AGA) surveyed several of its mem- 
ber local distribution companies 
(LDCs) in the general area affected by 
the cold to determine their send-out 
volumes during the January 18-20 
period. All seven of the LDCs sur- 
veyed equalled or exceeded their 
design day at least twice, and five 
LDCs equalled or exceeded their 
design day for the 3-day survey 
period (Table 3-1). Although LDCs do 
not always use the same methodology 
in calculating their design day, a 
design day generally refers to a 1-day 
send-out that would occur no more 
than once in 25 years. 

Fortunately, the cold weather of 
January 1994 did not sigruficantly 
affect natural gas production in the 
major producing regions. Although 
some downstream storage fields in 
Ohio, West Virginia, Pennsylvania, 
and New York experienced some 
storage withdrawal problems due to 
frozen valves, these were fixed 

Table 3-1. Peak Day Send-Outs (kilodekatherms) 

quickly, and their overall impact on 
production and service was limited. 

GENERAL NATURAL GAS 
INDUSTRY OPERATIONS 
DURING PEAK DEMAND 
PERIODS 

Natural gas is moved from major 
producing regions, such as the Gulf of 
Mexico and East Texas, to major 
consuming regions through large 
interstate pipelines. Pipelines must 
carefully coordinate receipts from 
producers and withdrawals from 
storage to ensure a balance between 
these inputs and the gas taken from 
the system by consumers. This helps 
maintain adequate pressures to 
maximize pipeline throughput during 
peak-demand periods. Figure 3-1 
shows the basic industry structure for 
the flow of gas from source to con- 
sumer during peak periods. 

Underground storage facilities are 
a key element in ensuring that pipe- 
lines are able to meet peak-day 

Company 
Monthly Average, Average Daily Send-Outs, January 1994 

January 1993 Design Day 18 19 20 

Washington Gas 750 1,245 1,245 1,288 1,131 
Union Gas Limited 2,700 4,174 4,405 4,562 4,323 
Nat. Fuel Gas Dist. Corp. 772 1,219 1,386 1,409 1,276 
Nat. Fuel Gas Supply Corp. 1,100 2,008 2,023 2,126 2,014 
Elizabethtown Gas Company 243 354 324 357 347 
LlGl Utilities, Inc. 334 439 466 4 78 447 
East Ohio Gas Company 1,361 2,391 2,586 2,548 2,224 
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Figure 3-1. Natural Gas Flows During Peak Periods 
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deliverability. During offpeak periods, 
underground storage facilities in 
Ohio, West Virginia, Pennsylvania, 
and New York are filled to capacity. In 
the winter months when demand 
exceeds overall pipeline capacity, 
natural gas is withdrawn from these 
facilities to meet expected cold- 
weather-related demand surges. 
LDCs provide additional storage at 
”peak shaving” facilities located close 
to the point of consumption; such 
facilities include liquefied natural gas 
(LNG), propane-air, and low-pressure 
natural gas stored in aboveground 
tanks. Peak shaving, used to meet 
hourly swings in demand and to 
provide short-duration peak service, 
is usually limited to a few days each 
winter because of the high cost of 
maintaining such supplies. 

Line-packing, in which pipelines 
are temporarily overloaded (with 
some loss in economics), is another 
operational technique to meet a 

predicted surge in demand. By 
varying pressure in the line, natural 
gas is temporarily stored for several 
hours in the pipeline system in 
anticipation of an increase in demand. 
Line-packing is an intraday manage- 
ment operation that requires up to 
1-day’s advance notice to build up 
pressure to pack the lines. 

Pipelines and LDCs also use 
interruptible sales agreements to 
provide additional operating flexibil- 
ity in cold weather. These agreements 
allow pipelines and LDCs to interrupt 
service to nonfirm customers to 
ensure service to firm customers. In 
most cases interruptible customers are 
industrial and powerplant consumers 
who can switch to an alternate energy 
source. Interruptible consumers are 
compensated for the inconvenience by 
a significant reduction in the cost of 
gas service. In an emergency, pipe- 
lines can issue operational flow orders 
(OFOs) requiring a shipper to inject or 

Residential Gas 41 Consumers I 

41 Commercial Gas 
Consumers 
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withdraw gas into or from the system 
at specific receipt or delivery points to 
ensure the continued flow of gas 
through the pipeline. Several hours to 
a full day's notice must be given 
before pipeline companies can 
implement an OFO. 

Curtailment is the most severe 
control strategy. Under curtailment, 
pipeline companies may cut off 
transportation or storage service to 
their shippers in the event of a major 
supply or capacity disruption. How- 
ever, curtailments are not used for 
firm transportation (service offered 
under contracts that anticipate no 
interruptions) absent force majeure. 
Order 636, issued by the Federal 
Energy Regulatory Commission 
(FERC) on April 8,1992, to introduce 
greater competition in the natural gas 
industry, provides protection to high- 
priority users in the event of a pipe- 
line emergency (full implementation 
of Order 636 began on November 1, 
1993). As part of the Order 636 
restructuring filing, each pipeline 
company was required to submit for 
FERC approval a priority schedule for 
curtailment to firm transportation 
shippers. 

INDUSTRY ACTIONS 
DURING JANUARY 1994 

The record demand for natural gas 
during the week of January 16,1994, 
was met by a combination of sus- 
tained maximum production, optimi- 
zation of all available storage, and 
import levels that set new records. 

Domestic Production 

As previously noted, domestic 
natural gas production was not 
hampered to any degree by the cold 
temperatures. Discussions with 
industry officials indicate that of the 
few disruptions in service that took 
place, none can be attributed to a 
disruption of natural gas production. 

Monthly natural gas production 
displays little seasonal variation. 
Typically, January production may 
exceed July production by only about 
5 or 6 percent. The ability to increase 
natural gas production on a month-to- 
month basis is very limited. January 
1994 production, estimated at 1,620 
bcf, exceeded January 1993 produc- 
tion by about 3 percent. (These data 
include production originally des- 
tined for warmer-than-normal West- 
ern markets that was diverted to the 
East.) 

Imports 

Canadian imports accounted for 
nearly one-third of the total gas 
supply in New England in January 
1994, and nearly one-quarter of the 
supply in New York (see Table 3-2). 
Canadian gas is delivered to U.S. 
markets in the East by TransCanada 
PipeLines Ltd. (TCPL). Primary 
transportation routes from the Cana- 
dian border to eastern U.S. markets 
are through the Iroquois and Tennes- 
see Gas pipeline systems (see Figure 
3-2), which account for about 90 
percent of the supply to Eastern U.S. 
markets. During the middle of the 
January 1994 cold spell, TCPL re- 
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Table 3-2. Natural Cas Imports as a Percentage of Total Cas Deliveries by State for January 1994 

State 

Total 
Imports (MMcf) Deliveries Imports as % 

Canadian Mexican Algerian (MMcf) of Total Deliveries 

New England 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
Rhode Island 
Vermont 

Total 

Mid-Atlantic 
New Jersey 
New York 
Pen nsy Iva n ia 

Total 

4,835 
246 

8,774 
455 

2,784 
1,181 

18,275 

4,358 
27,679 

64 1 
32,678 

0 
0 

325 
522 

0 
847 

556 16,780 32.1 
0 777 31.7 

4,431 43,328 30.5 
384 2,904 28.9 
336 8,761 35.6 

0 1,181 100.0 
5,707 73,731 32.5 

78 
172 

16 
266 

82,479 
122,809 
102,982 
308,270 

5.8 
23.1 
0.6 

11.0 

Sources: Import data: filings submitted by importers to Office of Fuels Programs, Fossil Energy; total deliveries data: Energy Information 
Administration (EIA) form EIA-857. See EIA’s Natural Gas Monthly (DOE/EIA-O130(94/09), Table 22. 

ported a single-day record for exports 
to the United States of 3.3 bcf. Total 
TCPL aggregate deliveries to Canada 
and the United States for the month of 
January also established a new record, 
reaching 221 bcf, an increase of 17 
percent over January 1993. 

The 1993-94 winter was the first in 
which additional Canadian supplies 
via the Iroquois interconnection with 
TCPL were made available to New 
York and New England. In the first 
3 months of 1994, the average daily 
take level under firm long-term 
imports was 645 million cubic feet 
(MMcf). The average take level for 
short-term imports was 92 MMcf. The 
normal operating capacity for the 
Iroquois pipeline is 670 million cubic 

feet per day (MMcf/d). However, 
during January 1622,1994, Iroquois 
was able to operate all its compressors 
(not a normal operating procedure) to 
provide an additional 140 MMcf/d 
above Iroquois’ firm transportation 
requirements. Most of the additional 
volume went to electric power 
generators. TCPL was able to provide 
Iroquois with additional natural gas 
in part because of cooperation from 
eastern Canadian LDCs. Two major 
LDCs relinquished some discretionary 
purchases to allow an increase in 
exports to the United States. 

Canadian gas supplies via Iroquois 
were extended further south through 
an interconnection with the Tennessee 
Gas pipeline system. By the use of 
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Figure 3-2. TransCanada Pipelines and Connecting Systems 

TransCanada PpeClnes - GreatLakesGas 

displacement with Tennessee Gas, 
additional gas service was made 
available in Pennsylvania and New 
Jersey. 

New England is at the terminus of 
the only two major pipelines that 
transport gas from producing regions 
in the Gulf Coast and Southwest to 
the Northeastern United States. 
Because this reduces possible alterna- 
tive supply options in the event of 
any supply disruptions to the south or 
west, New England is usually one of 
the first regions to experience reduc- 
tions during peak-demand periods 
and seasonal termination of interrupt- 

ible service. This unique situation has 
made imported LNG from Algeria an 
important supply source in eastern 
New England, particularly during 
peak periods. LNG also can be stored 
and traxusported, further adding to its 
versatiIity as a peaking supply source. 

Dis,rigas of Boston, which imports 
LNG from Algeria, supplied a record 
6.06 bcf of firm supply to New 
England during January 1994; it also 
recorded its highest daily send-out 
during the week of January 16. An 
additional tanker of Algerian ENG 
was delivered to Distrigas on short 
notice to supplement normally 
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: 
scheduled deliveries at Boston. 
Distrigas noted that the vaporized 
LNG not only helped meet the 
region's peak demand but also made 
a major contribution to maintaining 
the system integrity of the Iroquois 
and Tennessee Gas pipelines by 
helping to avoid excessive demands 
on these systems. 

Storage 

Storage comprised approximately 
29 percent of the January 1994 natural 
gas supply, as compared to 25 percent 
for January 1993. (Table 3-3 lists the 
actual sources of supply for January 
1994.) However, storage accounted for 
37 percent of total supply for the 
1-week period beginning on January 
15. Using the AGA weekly survey of 
working gas in storage, Table 3-4 

shows the change in U.S. working gas 
levels in underground storage on a 
weekly basis (the AGA survey period 
starts and ends a day earlier than the 
January 16-22 period). Because 
warmer western regions were in- 
cluded in the data, the full impact of 
storage on the supply of gas to 
consumers in the Eastern United 
States is somewhat understated. 

Actions Taken by local 
Distribution Companies 

The suddenness and severity of the 
cold weather during the week of 
January 16 appeared to surprise at 
least some in the gas industry. More 
than a few operations personnel 
expected that temperatures would 
begin to moderate or at least not 
worsen during the middle of the 

Table 3-3. Sources of Natural Gas Supply for January 1994 

Source 1994 Volume (bcf) Percent of Total 1993 Volume (bcf) Percent of Total 

Conventional Production 
Underground Storage 
Peak Shaving 
Imports 

Total 

1,634 
755 

13 
220 

2,622 

62 1,584 
29 607 
<1 13 

8 198 
100 2,402 

66 
25 
<1 

[?I 
100 

Table 3-4. Sources of Natural Gas Supply for the Week of January 16-22,1994 

Source Volume (bcf) Percent of Total 

Production 
Underground Storage 
Peak Shaving 
Imports 

369 
253 

3 
50 

55 
37 
<1 

7 
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week, when, in fact, they turned 
much colder. This may have placed 
unnecessary stress on key personnel 
and on distribution systems that 
already were experiencing inordinate 
demand. There is some basis to 
believe that had the 2-day weather 
forecast for January 19 been more 
accurate, more LDCs would have 
used line-packing in anticipation of 
the demand surge. In the end, most 
LDCs met firm commitments through 
a combination of maximum storage 
withdrawals, including the use of 
peak shaving, and prudent supply 
and demand management. 

The ability of LDCs to maintain 
natural gas service was further tested 
by rolling blackouts in Delaware, 
Pennsylvania, Maryland, and Vir- 
ginia, which sometimes caused 
electrically operated compressors to 
shut down and created difficulties in 
gas system control-room operations. 
These blackouts reduced operations at 
some peak-shaving plants. The City of 
Richmond and the Washington Gas 
Light Company both reported some 
problems in maintaining local gas 
system pressures because of the 
electric power disruptions during the 
rolling blackouts. In one unusual 
situation, a sudden and large surge in 
natural gas demand that occurred 
when natural gas furnaces in the 
blackout area all came on simulta- 
neously, when electric service re- 
sumed, almost caused an LDC 
serving thousands in Pennsylvania to 
lose pressure. 

Several LDCs reported sporadic 
deliverability problems, and in a few 
instances firm service was inter- 
rupted. Most of these interruptions 
were related to system capacity 
limitations-that is, demand simply 

exceeded pipeline design throughput 
capacity. LDCs and State and local 
officials made appeals for conserva- 
tion of natural gas to prevent a tight 
situation from getting worse, and 
frequent news media broadcasts 
requested consumers to lower ther- 
mostats and reduce hot-water use. 

A key element in managing de- 
mand for most LDCs was the enforce- 
ment of interruptible contracts. Under 
interruptible contracts, gas consumers 
agree to voluntarily stop gas use 
when requested by LDCs in return for 
significantly reduced prices. Whether 
for customers under interruptible 
sales agreements or transportation 
customers (such as gas producers 
who buy only pipeline transportation 
services), LDCs for the most part 
exercised interruptibility provisions to 
ensure the integrity of service to firm 
customers. This also is the one area 
that created the greatest number of 
problems: When consumers who buy 
gas under interruptible contracts do 
not cease gas use when asked to do 
so, higher priority customers such as 
residential households are in jeopardy 
of losing their gas supply. 

The Virginia State Corporation 
Commission noted that several large 
interruptible apartment complexes in 
Northern Virginia that had their gas 
service interrupted had very little 
reserve fuel to meet their heating 
requirements-in some cases, only 
2 days of supply for a gas interruption 
that lasted 10 days. Washington Gas 
made several calls to the Virginia 
Emergency Management Office 
notifying them of the precarious fuel- 
oil supply situation for a number of 
apartments. The demand for fuel oil 
was so great in some cases that the 
additional demand from interrupted 
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gas users could not be met by local 
fuel dealers. In discussions with 
Pennsylvania, Maryland, and Virginia 
officials, it was noted that fuel-oil 
dealers did not serve interrupted gas 
users to the extent those users would 
have preferred. Washington Gas, the 
Virginia Office of Emergency Services, 
and the Virginia State Corporation 
Commission all worked together to 
resolve the crisis by assisting inter- 
rupted gas consumers in locating and 
arranging for fuel deliveries. 

The fact that a significant number 
of interruptible gas users continued to 
consume gas when they were asked 
not to do so proved to be a wide- 
spread and serious problem. Washing- 
ton Gas, in testimony before the 
Public Service Commission of the 
District of Columbia, reported that 69 
of 286 interruptible customers in the 
District consumed gas during the 10- 
day interruption (they did not state 
whether these were transportation or 
direct sales customers). An LDC in 
Pennsylvania reported that its inter- 
ruptible transportation customers 
continued to consume gas while its 
interruptible sales customers went off 
without complaint. A contentious 
situation developed in Ohio when a 
number of interruptibles refused to 
stop taking gas and complained to the 
Governor. There were limited reports 
of LDCs having to go to the inter- 
rupted customer and physically shut 
off the supply. 

Interstate Pipeline 
Activities 

Pipeline operations from January 16 
to 22 cannot be viewed in isolation 
but must be considered in the context 
of the overall distribution system, 

from wellhead to burner tip. Pipelines 
rely on producers to get gas into the 
system, on underground storage 
operators to supplement supplies to 
meet peak demand, and on customer 
cooperation to stay within (or reduce) 
their design-level gas use. Pipelines 
must be able to communicate quickly 
with all these entities to properly 
coordinate their activities. 

Effective response to the cold- 
weather episode by interstate pipe- 
lines is confirmed by the number of 
send-out records established during 
January 16-22. Only one pipeline, 
Texas Eastern, reported an interrup- 
tion in firm transportation service, 
and that was for only 16 hours and 
was due to a mechanical-electrical 
problem when electric service on the 
PJM system was curtailed and Texas 
Eastern’s backup electric generators 
failed to operate. This event high- 
lights the need for coordination 
among electric and gas utilities in a 
crisis and the importance of reliable 
backup systems ready for use. Utili- 
ties cannot ensure undisrupted 
service during an extreme weather 
situation such as January 1994. 

an early alert to changing conditions 
and instantaneous communication to 
all concerned parties. Along with 
other direct communication links, 
these bulletin boards enabled ship- 
pers and pipelines to monitor gas 
supply, storage withdrawals, cus- 
tomer demand, and capacity avail- 
ability in time to respond to rapidly 
changing conditions. Upstream 
pipelines kept in close contact with 
their customers to respond to chang- 
ing needs, which were then communi- 
cated to downstream pipelines. 
Marketers communicated with 

Electronic bulletin boards provided 
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pipelines on hastily arranged deals, 
and pipelines made arrangements to 
serve each others’ customers. Infor- 
mation about random equipment 
failures due to extreme cold was 
quickly communicated to intercon- 
necting pipelines to seek assistance. 
INGAA reported that 8 of the 22 
pipelines they surveyed issued 
control directives during the week, 
ranging from alert day notices to 
operational flow orders. Actions such 
as these require excellent communica- 
tions and a high state of readiness by 
all concerned parties. 

GOVERNMENT ACTIONS 
Government actions varied widely 
but were largely focused at the State 
and local level because most problems 
dealt with LDCs coping with extraor- 
dinary demand, electric power 
outages, and mechanical problems 
associated with extremely low tem- 
peratures. 

Federal 

The only pipeline under FERC 
jurisdiction that experienced any 
major operational problems was Texas 
Eastern. However, given the short 
duration of the emergency (16 hours 
on January 19), FERC assistance was 
not requested. No other interstate 
pipeline under FERC jurisdiction 
experienced major problems requiring 
FERC assistance. Therefore, FERC 
activities were limited to monitoring 
and surveying pipelines. The events 
related to LDCs were monitored by 
such DOE offices as the Office of 

Emergency Management. This office 
closely monitored unfolding events 
and kept Secretary O’Leary informed 
on possible response options available 
to the Department. DOE’S actions 
before and during the week of Janu- 
ary 16 centered on facilitating the 
movement of badly needed fuel oil to 
consumers whose gas supply was 
interrupted under the provisions of 
supply or transportation contracts. 
DOE worked closely with the Depart- 
ment of Transportation on waivers 
allowing longer hours for drivers to 
expedite fuel-oil movements. 

The Defense Fuel Supply Center 
(DFSC) supports the centralized 
acquisition of petroleum products and 
natural gas for the Department of 
Defense and the General Services 
Administration’s (GSA) central steam 
production facilities in Washington, 
D.C. When GSA’s fuel supply became 
marginal, DFSC became a key ele- 
ment in the Federal Government’s 
response actions. 

In addition to managing both 
petroleum and natural gas supplies at 
most Federal Government buildings 
in the Washington, D.C., area, GSA 
operates a local area steam supply 
system for the Federal buildings in 
the District’s central (mall) area. 
Steam is produced at two fossil-fired 
plants (with oil backup) in Washing- 
ton (one in Georgetown, the other in 
Southwest). However, in response to 
economic conditions, in 1993 GSA 
established an ”interruptible” natural 
gas contract with the Washington Gas 
Light Company for these steam- 
producing installations so they could 
use gas. In the fall of 1993, because of 
new environmental restrictions, the 
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use of coal was discontinued, and 
low-sulfur oil became the backup 
fuel. 

gas service interrupted and found 
itself with an inadequate on-hand 
stock of conforming low-sulfur oil. 
The Washington Gas Light Company 
said that it notified GSA in December 
1993 that gas supplies were tight and 
that GSA needed to begin using 
alternate fuels. Under the provisions 
of the contract, however, GSA opted 
to continue to use natural gas and pay 
additional fees. But on January 19, 
Washington Gas Light ordered GSA to 
cease taking gas at its two steam- 
production plants. With the extremely 
low temperatures and icy and snowy 
conditions, obtaining a supply of the 
conforming low-sulfur light oil 
became a major problem. The loss of 
steam generation for the local central 
heat system would have resulted in 
severe damage to the plants and 
many building heating systems by 
allowing systems to freeze. The 
situation became so critical that the 
availability of D.C. National Guard 
units to assist in the delivery of fuels 
to GSA was discussed. 

DFSC mounted an extraordinary 
effort to provide GSA with enough 
fuel to ensure that Federal buildings 
were adequately heated. On the 19th, 
DFSC mobilized Air Force refuelers at 
Andrews Air Force Base in Maryland 
to deliver JP-5 (military kerosene- 
type) to the two GSA facilities 
around-the-clock. DFSC's northeast 
regional office in Philadelphia then 
arranged the deployment of an Army 
petroleum supply organization from 
Fort Lee to Washington both to bring 
additional fuel oil to the area and to 

On January 19,1994, GSA had its 

assist in the delivery of fuel from local 
suppliers in the Washington area to 
the GSA facilities. 

State and Local 

Responses at the State level varied 
widely. Although only one State, 
Pennsylvania, issued a formal request 
to reduce natural gas consumption, 
other States issued general appeals to 
reduce energy consumption overall. 
In other States such as Virginia, where 
local supply problems appeared to be 
more widespread, no appeal was 
issued. In these situations, LDCs 
usually issued their own appeals to 
reduce consumption. 

Natural gas at the State level is a 
highly regulated commodity and, 
consequently, most LDC actions 
usually require some type of approval 
from or coordination with State public 
utility commissions (PUG). This was 
the case during the January cold spell, 
with most PUCs closely monitoring- 
and approving when necessary-LDC 
actions. LDCs generally were 
proactive in contacting their respec- 
tive PUCs as problems became 
evident. 

State governments activated 
emergency management agencies 
which, for the most part, are designed 
to respond to all types of emergencies 
but typically deal with natural 
disasters (floods, storms, and so 
forth). Most of their energy-emer- 
gency experience dealt with spot fuel- 
oil and propane shortages; prior 
experience with a natural gas emer- 
gency was almost nonexistent. 
Consequently, State emergency 
agencies were faced with complex 
situations that usually required them 
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to defer to PUCs and State energy 
offices. However, emergency agencies 
carried out the important role of 
informing State agencies of events as 
they developed. In Maryland and 

Virginia, the emergency management 
offices played a pivotal role in coordi- 
nating fuel-oil deliveries to inter- 
rupted natural gas consumers. 
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Conclusions and 
Recommendations 

Energy entities responded promptly 
and effectively to the extreme weather 
and record peak demands of January 
1994. Electric and gas utilities demon- 
strated great technical skills and 
flexibility in determining the facts of 
many very different emergency 
situations and in implementing highly 
effective response actions. Established 
procedures were used when available; 
however, many of the response 
actions demonstrated much innova- 
tion and initiative. State regulatory 
agencies monitored response actions 
closely and provided appropriate and 
timely guidance or approval when 
necessary. 

States, the electric utilities and the 
PJM Interconnection, the North 
American Electric Reliability Council 
(NERC), the Federal Energy Regula- 
tory Commission (FERC), and others 
consistently praised the involved 
energy supply entities and did not 
identify any specific response action 
as inappropriate. These same review- 
ers, however, identified several 
additional actions that could have 
mitigated the extent of the crisis and 
made the response actions more 
effective. This report builds on these 
observations. 

DOE has concluded that despite 
the peak and continuing high electric 
load levels due to the extreme low- 

Followup investigations by several 

temperature conditions, there was no 
risk to the integrity of the Eastern 
Interconnection. The short-term use of 
manual load shedding (rotating 
blackouts) by the PJM Interconnec- 
tion, Virginia Power, and North 
Carolina Power, although temporarily 
inconveniencing consumers, was 
appropriate and necessary to match 
the available supply with the continu- 
ing series of very high peak loads and 
hourly energy requirements. (Virginia 
Power and North Carolina Power are 
operating subsidiaries of VEPCo.) 
Further, except in a few isolated 
instances, those subjected to manual 
load shedding had previously been 
identified as not being critical public 
health and safety customers. 

DOE has identified a number of 
actions taken by State and local 
governments-including ap;eals for 
voluntary energy conservation, 
closing of government operations, 
and transportation assistance to the 
energy supply entities-that were 
both appropriate and very effective. 
Likewise, actions by the U.S. Coast 
Guard in the Philadelphia area to 
break ice and maintain shipping 
channels were a key element in 
mitigating the public health and 
safety impacts of January 18/19, and 
20. 

Fundamental to the DOE assess- 
ment were many "after-actionN 
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1. 

2. 

3. 

4. 

5. 

reports and investigations conducted 
by others. The DOE staff has reviewed 
the available documents and con- 
cluded that all of the recommended 
actions in these reports are appropri- 
ate and that both the energy supply 
entities and the involved State and 
local government agencies should, if 
they have not done so already de- 
velop detailed schedules to imple- 
ment those actions. 

Despite the fact that the report of 
the NERC Blue Ribbon Task Force 
covered only 7 hours on Wednesday 
January 19, DOE believes that its 
conclusions and recommended 
actions address all actions appropri- 
ate for the bulk power supply compo- 
nent of the electric energy supply 
system (see box). The DOE review of 
the appropriate guidelines of the 
NERC Operating Manual indicated 
these guidelines are appropriate, and 
that they were effectively imple- 

mented during the January 1994 
crisis. 

Immediately after the crisis, FERC 
initiated an "Inquiry Concerning 
Conditions in Portions of the Eastern 
Interconnection" in Docket EL94- 
23000. FERC collected data from more 
than 22 utilities and holding company 
systems on the electric energy trans- 
fers over the bulk electric transmis- 
sion system. After reviewing much of 
the data collected by FERC, DOE 
concurs with the FERC conclusion 
that the electric power system per- 
formed well under the extreme 
conditions of January 1994 and that 
this perfonnance attests to "the 
resilience of the electric power system 
and its ability to maintain reliable 
service to millions of ultimate custom- 
ers." However, DOE also agrees with 
the FERC conclusion that there is 
room for incremental improvement in 
three areas: communications, energy 

Recommendations of the NERC Blue Ribbon Task Force Report 
on the Events of January I994 

Pursue better communications and information sharing 

Develop ihe capability to calculate the first contingency transfer capability in real 
t h e  

Review mutual assistance agreements among regions, subregions, pools, and 
coordina fing groups 

Review backup fuel inventory policies 

Continue to improve operational coordination during emergencies 
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tariffs, and transmission system 
ratings. 

Building on and in addition to the 
FERC and NERC conclusions and 
recommendations, the DOE staff has 
identified the following areas in 
which some incremental improve- 
ments appear to be appropriate: 

Communications within the energy 
infrastructure 
Energy emergency situation 
reporting to State and Federal 
agencies, for both real and antici- 
pated emergencies 
Accuracy of short-term load 
forecasting systems used by system 
operators to project hourly, next- 
day, and 2-day peak and energy 
loads based on available meteoro- 
logical and other relevant data 
Specific research activities by the 
electric industry dealing with fuel 
use and electrical equipment 
operations in extreme cold weather 
and freezing precipitation 
Timely adjustments of bulk power 
transfer capability 
Regular joint planning and conduct 
of energy emergency preparedness 
exercises involving energy supply 
entities, States, and the Federal 
Government 

These areas are discussed in detail in 
the following sections. 

COMMUNICATIONS WITHIN 
THE ENERGY INFRASTRUCTURE 

Both the NERC and FERC reports 
concluded that some improvement in 
communications is appropriate and 

necessary., and DOE, following its 
own analysis, agrees that enhanced 
communication within and by the 
energy supply entities is needed. 
Specifically, DOE recommends that all 
energy supply entities across the 
Nation review the following areas: 

rn The procedures for using the NERC 
telephone "Hotline." Hotline proce- 
dures should be reviewed with the 
goal of making it more useful 
during potential emergency 
situations and actual emergencies. 
In the long term, NERC should 
give full consideration to replacing 
this limited-capability hotline with 
a modern, computer-driven 
bulletin board and significantly 
increasing access to it. 
The use of ORNS. The computerized 
ORNS communications system 
used by electric energy supply 
entities in the Mid-Atlantic and 
Northeastern United States is an 
excellent system that could serve as 
a model for similar communica- 
tions systems in other areas. The 
NERC Operating Manual could be 
expanded to recognize ORNS and 
any other regional electric energy 
supply communications systems 
used to coordinate operations. 
NERC also should consider devel- 
oping dedicated communications 
circuits that link these regional 
networks. Information sharing via 
electronic bulletin boards as 
mandated by FERC Order 636 was 
considered a key factor in mitigat- 
ing the impacts of low tempera- 
tures on the natural gas supply. A 
similar system within the electric 
energy supply infrastructure may 
be appropriate. 
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Expansion of the IDEC system. The 
DOE staff commends those in- 
volved in creating the recently 
developed IDEC communications 
system, which provides data links 
among many electric energy 
supply entities in the Northeast, 
Midwest, and South, and recom- 
mends further expanding this 
network to cover the entire Eastern 
Interconnection. 

The waiver of certain Federal and 
State government regulations, such 
as limits on driving hours, truck 
weight restrictions, and air emis- 
sions limitations, in some areas 
mitigated the impacts of the events 
of January 1994. DOE staff inter- 
views determined that certain 
Federal and State government 
agencies can grant waivers in a 
timely manner, while others 
disclaimed any knowledge of 
benefits that may have been 
obtained from such waivers. DOE 
concluded that preemergency 
coordination is a key element and 
recommends that the NERC 
Operating Committee, the regional 
reliability councils, and each 
energy supply entity review its 
system emergency response 
procedures, identify regulatory 
wavier actions that may reduce the 
impacts of an energy supply 
emergency, and communicate this 
information to the involved gov- 
ernment agency so that specific 
implementation procedures can be 
developed. The DOE staff will be 
available to assist in this activity as 
deemed appropriate. 

I Knowledge of appropria te waivers. 

The use of interruptible supply 
contracts by both electric and natural 
gas suppliers. DOE supports the 
appropriate use of interruptible 
contracts. However, several con- 
sumers requiring a continuous, 
uninterrupted energy supply had 
established interruptible contracts 
without establishing an adequate 
means of alternate supply As a 
result, the interruption of energy 
supply to residential apartment 
buildings and even some heavy 
industrial customers required 
special response actions by the 
involved energy suppliers and in 
some cases the State emergency 
management agency DOE recom- 
mends that both the energy suppli- 
ers and the State regulatory 
agencies review in detail the use of 
interruptible contracts to ensure 
that critical facilities are allowed to 
use interruptible contracts only 
when they have an adequate and 
regularly tested backup energy 

Effect of electric interruptions on other 
supply. 

forms of energy. In several areas, 
manual load shedding actions 
affected the supply of other forms 
of energy To prevent a reoccur- 
rence of this situation, DOE recom- 
mends expanding communication 
within the energy supply infra- 
structure-especially at the opera- 
tions level. Critical electric and gas 
facility operations centers, includ- 
ing pipeline operations, should 
develop a system for information 
sharing during crises. Depending 
on the media to provide this link 
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proved to be unsatisfactory in 
January 1994. The recommended 
system should specifically identify 
the energy supply entity, the 
geographic location of its opera- 
tions center, and both commercial 
and other means of communica- 
tions that may be available during 
an emergency. The ongoing 
activities of NERC and the Inter- 
state Natural Gas Association of 
America to effect emergency 
coordination at the bulk supply 
level should be viewed as one 
element of this coordination. 
Timely and accurate dissemination of 
information. Energy suppliers must 
recognize the ”Information Super- 
highway” and develop appropri- 
ate public plans, procedures, and 
systems to disseminate timely, 
accurate information, which is 
critical during energy emergency 
operations. DOE discovered 
instances where the availability of 
such information to responsible 
government and other public 
facility managers may have 
lessened the public health and 
safety impacts of January 1994. 
Both live television and radio 
interviews with energy supply 
executives or managers to validate 
the information being dissemi- 
nated should be used. In addition, 
appropriate facilities should be 
established and staffed with an 
adequate number of trained 
operators and communicators to 
provide continuing information 
throughout the emergency. 

ENERGY EMERGENCY 
REPORTING TO STATE AND 

FEDERAL GOVERNMENTS 
DOE has determined that compliance 
with established Federal requirements 
for reporting certain bulk electric 
power supply conditions was inad- 
equate during the events of January 
1994. DOE received no reports on 
Tuesday, January 18, regarding the 
critical situation of meeting the 
evening peak loads on that day, nor 
were any reports received citing 
potential electric power supply 
problems on the morning of Wednes- 
day, January 19. In its followup 
analysis, DOE learned of a number of 
fuel supply problems that should 
have been reported. This lack of 
official information caused DOE, 
FERC, and others to make a number 
of telephone inquiries to electric 
utilities, regional reliability councils, 
and others in an effort to accurately 
ascertain the situation. These calls did 
not fully clarify the situation or 
provide a basis for appropriate 
response actions. 

The current bulk power system 
reporting requirements are published 
in title 10, section 205, of the Code of 
Federal Regulations and have been 
restated in a widely distributed DOE 
publication, Power Sysfem Emergency 
Reporting Procedures. Electric utilities, 
regional reliability councils, NERC, 
and many other interested parties are 
routinely included in the distribution 
of this publication. These current 
reporting requirements were estab- 
lished in 1989 and are modifications 
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of bulk electric power system report- 
ing requirements established by the 
Federal Power Commission in 1966. 
Over the past decade, these require- 
ments have been lessened to reduce 
the reporting burden-possibly to the 
extent that many electric power 
system operators are not familiar with 
established requirements. 

During interviews with several 
State emergency management agen- 
cies, DOE found that many State 
officials also had been surprised by 
the energy supply crisis, and received 
notification only after manual load 
shedding operations had begun. This 
lack of information delayed some 
emergency response actions. 

entire energy infrastructure, must 
ensure that their operations staffs 
understand the critical public health 
and safety impacts of a major energy 
supply outage or curtailment. Like- 
wise, the Federal and State govern- 
ments must ensure that energy 
suppliers understand the potential 
response capabilities and actions that 
may be taken to mitigate the effects of 
an energy emergency. These concepts 
must be understood within the energy 
supply infrastructure to be mutually 
supportive and not as an indication of 
failure. 

DOE should review its require- 
ments and procedures for reporting 
bulk power system emergencies, 
make any changes that will minimize 
the reporting burdens on the involved 
energy suppliers, and ensure that 
State emergency management agen- 
cies are fully informed regarding any 
potential or actual energy supply 
crisis. Consideration should be given 
to concurrent joint reporting of 
emergency data or possible reports by 

Electric energy suppliers, and the 

the energy infrastructure to States, so 
that State governments and the 
Federal Government receive the same 
information at the same time. 

REAL-TIME 
POWER-TRANSFER-LIMIT 
ADJUSTMENTS 
On the morning of January 19, two 
significant ad-hoc operational actions 
were taken to make more power 
available to PJM and Virginia 
Power-one by PJM and the New 
York Power Pool, and the other by the 
Florida Electric Power Coordinating 
Group and the Southern Company 
System. In both actions, the first 
contingency incremental transfer 
capability (FCITC) limit was signifi- 
cantly increased after it was recalcu- 
lated following special joint systems 
analyses. These analyses reflected the 
actual available and operating gen- 
eration, the actual load requirements, 
and the actual loading on the bulk 
transmission lines connecting the 
New York Power Pool and PJM and 
those connecting the Southern Com- 
pany System to utilities in Florida. 
Both actions allowed additional 
power to be transferred to the defi- 
cient areas. The NERC Blue Ribbon 
Task Force recognized these actions as 
appropriate and acknowledged that 
the increased power transfer capabili- 
ties were a factor in the curtailment of 
all of the manual load shedding 
actions in the early afternoon of 
January 19. In light of this now 
"proven" capability to recalculate the 
FCITC to reflect current real system 
conditions, DOE agrees with the 
NERC recommendation that all utility 
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operating procedures be modified to 
include provisions for such special 
studies in power supply crises and 
that the necessary technical equip- 
ment and systems be made available 
to operating staff as required. 

ACCURACY OF SHORT-TERM 
LOAD FORECASTING 

The inability of energy suppliers’ 
short-term load forecasting systems to 
accurately relate their peak load 
requirements for the next hour, the 
next day, and the next 2 days-in 
particular, determining the incremen- 
tal load requirements for each degree 
of temperature drop below zero- 
appears to have been a contributing 
factor to the need for manual load 
shedding. 

DOE believes that if the peak load 
requirements for Wednesday morn- 
ing, January 19, had been accurately 
forecast on Tuesday evening, many 
electric utility system operations 
managers would have taken actions 
to manage their power supply sys- 
t e m  differently-specifically, steps to 
use pumped storage capacity and 
available fuel supplies more effec- 
tively and special efforts to increase 
generator availability. Several utility 
operators interviewed by DOE 
concurred, stating that the Wednes- 
day morning load probably could 
have been supplied with no rolling 
blackouts if the peak loads had been 
accurately forecast. Although the 
significant differences between 
forecast and actual minimum tem- 
peratures made it difficult to predict 
load requirements with reasonable 
accuracy, the Department nonetheless 

recommends that electricity suppliers 
review and make appropriate adjust- 
ments to their short-term peak load 
forecasting systems to reflect the 
experiences of January 1994. Amelio- 
rating this situation requires no 
additional legislation by either the 
Federal or any State government. 

RESEARCH ACTIVITIES 
DOE has concluded that some addi- 
tional research to enhance the deliv- 
ery of electric energy during 
extremely low temperatures is prob- 
ably appropriate. Most of the many 
“after-action” reports at least some- 
what support this conclusion. 

electric suppliers in low-temperature 
areas of the Nation review their 
procedures for dealing with such 
situations and make improvements 
where and as appropriate. Frozen coal 
piles and conveyor belts and con- 
gealed oil in pipelines were signifi- 
cant factors in the energy disruptions 
of January 1994. The DOE staff 
discovered that some electric suppli- 
ers had minimal problems with these 
situations, while others had major 
problems. The lessons learned must 
be shared with all appropriate energy 
entities, and research documenting 
the situations and identifying possible 
mitigation actions is needed. 

Electrical equipment operations in 
very low temperatures also requires 
research. There were a number of 
extra-high-voltage circuit breaker 
trips that exacerbated the energy 
supply situation. Most of these trips 
involved circuit breakers that used 
SF-6 (sulphur-hexafluoride) gas as 
the insulating medium. The DOE staff 

Specifically, DOE recommends that 
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recognizes that this has been a con- 
cern smce SF-6 circuit breakers were 
introduced in the 1960s and that a 
number of design modifications have 
been made and special operating 
procedures implemented. Howeverp 
the persistence of the problem re- 
quires further research-in particular? 
examinmg the operations of all types 
of circuit breakers in low-temperature 
situations in detail and reviewing all 
types of electrical equipment, includ- 
ing the instrumentation at generating 
stations The goal should be a well- 
documented technical paper with 
detailed actions to mitigate opera- 
tional problems in low temperatures. 
NERC should consider coordinating 
this activity and possibly providing 
some oversight; and it must ensure 
this information is widely distributed 
through its Operating Manual and 
other NERC publications. 

REG u LAR, COORDINATED 
ENERGY EMERGENCY 
EXERCISES 
Nearly all who were interviewed 
agreed that the longstanding DOE 
sponsorship of energy-emergency- 
preparedness exercises involving 
States and energy suppliers was a 
significant factor in the response 
actions of January 1994. The DOE 
staff verified that the personal rela- 
tionships among the various State 
energy and emergency management 
office personnel established by these 
exercises were instrumental in many 
of the successful actions of January 
1994. 

Based on this input, the DOE staff 
recommends continuing these exer- 
cises regularly, and that all elements 
of the energy infrastructure become 
involved, as well as State emergency 
management offices and regulatory 
agencies. Even if no Federal action is 
requested or taken, these exercises 
enhance the emergency preparedness 
of States and the energy infrastruc- 
ture. 
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Overview 
of U.S. Electric 

At the end of 1993 the electric generating industry in the United States was 
composed of 3,212 utilities that can be grouped into four ownership categories 
and some 1,200 nonutility generators (NUGs). Some utilities are integrated from 
generation to end-user; that is, they own generating plant, transmission, and 
distribution capability and have customer franchises granted by the states or 
local jurisdictions in which they operate. Other utilities only participate in one 
part of this business, such as a utility that participates only in the wholesale 
market, providing generation and transmission services, or utilities that partici- 
pate only in the end-user market, buying power from others and distributing 
the power to end-use customers. 

Utilities are usually categorized as investor-owned, publicly owned (for 
example, municipal utilities and public utility districts), cooperatively owned, 
or federally owned. In addition to utilities, nonutility generators (such as 
qualifying facilities and exempt wholesale generators) also supply power to the 
grid. %e largest group of utilities is the publiclly owned group (2,007). How- 
ever, publicly owned utilities supplied only 9 percent of net utility electricity 
generation in 1993. Many of these utilities do not own generating capability, but 
buy their power from others. 

The next largest classification of utilities is the cooperatives, which are 
utilities owned by their own customers. The cooperatives numbered 941 and 
represented less than 5 percent of net utility generation in 1993. Most of the 
cooperatives buy their power from others and distribute it to their members. 

There were 254 investor-owned utilities (IOUs) at the end of 1993. These 
utilities are mostly integrated utilities and accounted for 79 percent of the net 
generation in 1993. The 10 Federal utilities (such as the Tennessee Valley Au- 
thority and the Bonneville Power Administration) are mainly power wholesal- 
ers, and provided 8 percent of net utility generation in 1993. Nonutility genera- 
tors supplied 181,515 gigawatthours (GWh) in 1993 to augment the total net 
utility generation of 2,882,525 GWh. 

In addition to U.S. generation, Canada and Mexico supplied a net of 28,427 
GWh to customers in the United States. 

Today, most electric utility systems are interconnected with other systems to 
form networks. These networks evolved as a result of increases in system size 
and interconnections over the last 100 years. The evolution of the industry led to 
the current situation, in which power supply in the 48 contiguous States is 
provided by three large integrated networks: the Eastern Interconnection, the 
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Western Interconnection, and the Texas Interconnection. The Eastern Intercon- 
nection extends into Canada and has ties to the Hydro-Quebec System (also 
known as the Quebec Interconnection). The Western Interconnection extends 
into Canada and Mexico. The Texas Interconnection is confined (by the choice of 
Texas utilities) to a portion of the State of Texas and has only minor interconnec- 
tion capacity with the Eastern and Western groups. For economic reasons, 
interconnection capacity between the Eastern and Western Interconnections is 
limited. Essentially, the three large interconnections can be considered to 
operate in isolation from each other. Within each of the networks a change in 
demand or generation will be perceived throughout the entire group of inter- 
connected utilities of that network. If no transmission constraints existed, 
demand at any point in an interconnection could be supplied by any generating 
unit within the group. 

To facilitate the operation of such large, complicated networks, groups of 
utilities within each interconnection agreed to combine some features of their 
daily operations. Each group, called a ”control area,” is responsible for supply- 
ing the aggregate demand of the systems within the group by means of the 
aggregate generating capacity of the group. This capacity is in most cases 
supplemented by purchases from utilities outside the control area. If an imbal- 
ance occurs within the control area between total supply and total demand, 
utilities within the control area are responsible for correcting the imbalance to 
keep generation and transmission facilities from becoming overloaded. Each 
control area has its own control center (a facility from which the loading of 
generating units is adjusted or directed to meet internal needs) as well as 
commitments to buy or sell power to systems external to the control area. The 
loading adjustments, depending on the facilities and agreements among the 
control area members, may be made directly by operators in the control center, 
or they may be effected, at the direction or request of the control center operator, 
by personnel of the systems owning the generators. The Eastern Interconnection 
has about 100 separate control areas that normally communicate directly with 
all adjacent control areas. 
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Glossary of Terms 
and Acronyms 

This glossary is intended only as an aid to understanding the text of the report; 
it is not intended as an exhaustive definitive dictionary of terminology for the 
electric power and natural gas industries. The definitions given are based on 
those in glossaries published by the Energy Information Administration (EIA), 
the North American Electric Reliability Council, the Edison Electric Institute, the 
(former) Federal Power Commission, and other sources but may not follow the 
exact wording of those publications. In some instances the definitions have been 
expanded on the basis of information in the technical literature of electric power 
systems. It is intended that this glossary be used only in conjunction with this 
report, not as a substitute for any other glossary or dictionary. 

ACRONYMS 
ACE 

AEP 

APPA 

APS 

BGE 

CGE 

CPL 

DLCO 

(Atlantic City Electric Company) A member of PJM. 

(American Electric Power Company) A holding com- 
pany that has seven electric utility operating subsidiar- 
ies in ECAR 

(American Public Power Association) An electric power 
industry trade association whose members are electric 
utilities owned by governmental agencies (Federal, 
State, local). 

(Allegheny Power System) A holding company that has 
three electric utility operating subsidiaries in ECAR. 

(Baltimore Gas and Electric) A combined utility serving 
the control areas of Maryland. Its electric operations 
function within PJM. 

(Cincinnati Gas & Electric Company) A combined gas 
and electric utility. The electric system operates as a 
member of ECAR. 

(Carolina Power & Light Company) A utility in SERC. 

(Duquesne Light Company) A utility in ECAR. 
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NUG 

NYPP 

OE 

HE 

IPL 

JCPL 

METED 

NEPOOL 

NERC 

NRECA 

Duke 

EEI 

(Duke Power Company) A utility in SERC. 

(Edison Electric Institute) An electric power industry 
trade association whose members are privately owned 
electric companies. 

(East Kentucky Power Cooperative) A cooperatively- 
owned electric utility in ECAR. 

(General Public Utilities) A holding company with 
three electric utility operating subsidiaries; GPU is a 
member of PJM. 

(Hoosier Energy Rural Electric Cooperative, Inc.) A 
utility in Indiana. 

(Indianapolis Power & Light Company) A utility in 
ECAR. 

A subsidiary of General Public Utilities (GPU) 

(Metropolitan Edison Company) A subsidiary of GPU. 

(The New England Power Pool) A group of electric 
utilities in New England, bound by contract to operate 
as a power supply entity, under agreed-upon rules. 

(North American Electric Reliability Council) An 
electric power industry association whose members are 
the Regional Electric Reliability Councils. NERC’s 
function is to improve the reliability of electric power 
supply in North America. 

(National Rural Electric Cooperative Association) An 
electric power industry trade association whose 
members are rural electric cooperatives and some 
public power districts. 

(Non-utility generator) A generating unit, powerplant, 
or company that produces electric power for sale to 
electric utilities per established contracts developed 
under State regulatory agency oversight. A NUG 
company is not an electric utility and is not allowed to 
sell electric power at retail. 

(The New York Power Pool) A group of electric utilities 
in New York State, bound by contract to operate as a 
power supply entity under agreed-upon rules. 

(Ohio Edison Company) A utility in ECAR. 

EKPC 

GPU 
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Pepco 

PJM 

PPL 

PSC 

PSEG 

PUC 

soco 

TVA 

VEPCo 

VP 

(Potomac Electric Power Company) An electric utility 
member of PJM. 

(Pennsylvania-New Jersey-Maryland Interconnection) 
A power pool that has 11 electric utilities as members; 
the service areas of the members include the District of 
Columbia, all of Delaware and New Jersey, part of 
Maryland and part of Pennsylvania, and that part of 
Virginia on the southern tip of the Delmarva Peninsula. 

(Pennsylvania Power & Light Company) An electric 
utility member of PJM. 

(Public Service Commission) See PUC. 

(Public Service Electric & Gas Company) An electric 
utility member of PJM. 

(Public Utility Commission) A State agency that 
regulates the rates, and certain other aspects, of public 
utilities in that State and that may have other, related 
powers, as granted by the State legislature. Some State 
regulatory agencies are called “Public Service Commis- 
sions,” ”State Corporation Commissions,” or ”Public 
Utility Boards.” 

(Southern Company) A holding company based in 
Birmingham, Alabama; members are Georgia Power, 
Alabama Power, Mississippi Power, Gulf Power, and 
Savannah Power operating subsidiaries. 

(Tennessee Valley Authority) An agency of the U.S. 
Government, with electric utility functions and other 
responsibilities; operates over a seven-state area in 
SERC, selling wholesale power to cooperatives and 
municipal utilities. 

(Virginia Electric and Power Company) An electric 
supply entity in the VACAR subregion of SERC with 
Virginia Power and North Carolina Power as its 
operating elements 

(Virginia Power Company) An operating element of the 
Virginia Electric and Power Company 
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APPENDIX 5. GLOSSARY OF TERMS AND ACRONYMS 
_ _ _  

REGIONAL ELECTRIC RELIABILITY COUNCIL 
An association of electric utilities whose purpose is to improve reliability and 
adequacy of electric power supply in the total area served by the member 
utilities, by means of coordinated planning and operation. The Regional Electric 
Reliability Councils in the United States are: 

ASCC Alaska Systems Coordinating Council 

ECAR 

ERCOT 

MAAC Mid-Atlantic Area Council 

MAIN Mid-America Interconnected Network 

MAPP 

East Central Reliability Coordination Agreement 

Electric Reliability Council of Texas ' 

Mid-Continent Area Power Pool; includes Canadian 
systems 

Northeast Power Coordinating Council; includes 
Canadian systems 

NPCC 

SERC 

SPP 

wscc 

Southeastern Electric Reliability Council 

Southwest Power Pool 

Western Systems Coordinating Council; includes 
Canadian and Mexican systems 

DEFINITION OF TERMS 
Actual Path 

Availability 

The actual route of power flow (usually multipath) 
over operational transmission lines. 

A condition that allows equipment to be used at the 
discretion of the system operator. Availability is ex- 
pressed numerically as the ratio of the time period 
during which an item of equipment was available for 
operation to the total time period under consideration. 
For example, if a generator could have been operated 
for 30 days (not necessarily consecutive) in 1 year, the 
availability for that year would be expressed as 30/365, 
0.0822, or 8.22 percent. 

Combustion Turbine A turbine for which the driving power is the gaseous 
product of the combustion of a fuel, which may be 
natural gas, light oil, or gas derived from coal. The 
turbine can be used to drive a compressor associated 
with a pipeline, or as an electric generator. 
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Contract Path 

Control Area 

Control Center 

The apparent transmission system route (usually the 
route for the majority, but not all, of the contracted 
power flow) over which purchased power is presumed 
to flow, for contractual purposes. 

A single electric energy supply or a group of intercon- 
nected electric energy supply entities where the com- 
bined system aggregate electric demand is expected to 
be equal to the sum of aggregate generation plus the 
net of aggregate scheduled purchases and sales of 
electricity by the systems within the control area. 
Changes in aggregate demand are met by changes in 
aggregate generation and temporary purchase and sale 
transactions with systems outside the control area, 
while scheduled purchases and sales are maintained as 
contracted for. 

A facility which serves as the "nerve" center for a 
specific energy supply entity or group of energy supply 
entities with the mission to oversee system operations 
so as to achieve reliability criteria, meet economic 
goals, and provide the man-machine interface for the 
operations of specific facilities to include scheduling 
maintenance, switching the facilities to and from 
service, and developing both the routine and emer- 
gency reports required by energy supply entity manag- 
ers and government agencies. 

Demand (Electrical) The time rate at which electric energy is delivered or 
used. Peak demand is the highest 1-hour rate at which 
energy is delivered or used during a specified period; it 
is usually computed as the greatest amount of electric 
energy (in kilowatthours or megawatthours) delivered 
during any 1-hour period of a day week, month, season 
or year. For instance, the greatest number of 
megawatthours delivered during any one hour in the 
course of a calendar year is referred to as the annual 
peak demand in megawatts. 

Deliverability The volume of gas that can be delivered in a specified 
time period, taking into account production, storage, 
and pipeline capacity. 

Demand (Natural Gas) The quantity of natural gas delivered by a system over 
a 24-hour period. 

8-5 



APPENDIX B. GLOSSARY OF TERMS AND ACRONYMS 

Direct Control Load 
Management 

The magnitude of the demand that can be interrupted 
by a system operator, for a short time, under preexist- 
ing agreements, in emergency situations when the 
utility determines that the capacity available to it may 
be insufficient to supply the total demand on the 
system and maintain system integrity. This option is 
designed to disconnect groups of residential loads such 
as air-conditioners, hot water heaters, swimming pool 
pumps, or similar devices that can be switched off for 
Iarge groups of customers by the system operator via 
special control equipment, without affecting the supply 
of electricity for lighting or small appliances for those 
customers. This type of controlled short-term load 
reduction is not considered to be ”interruptible” load, 
although the large-scale effect on total system demand 
is similar. 
The unexpected automatic or manual removal of 
equipment from service due to malfunction. 

Forced Outage 

Gas Turbine (see Combustion Turbine) 

Generating Plant A location at which there are one or more generating 
units; the units may be of different types and sizes. All 
the units at a given plant are generally operated by a 
single entity; however, for some plants the ownership 
of the units and of the capacity are shared among 
several utilities. The operating entity may be one of the 
owning utilities or may be an ”Operating Company” 
organized by the owners for the purpose of operating 
all the units in the plant. 

An assembly of devices, equipment and machinery 
designed to produce electric energy from energy in 
some other form (moving water, nuclear fission, 
combustion of coal or other material, sunlight, wind, or 
geothermal sources). 

A generating unit for which the source of energy is 
water, either flowing in a stream or from a pond, lake, 
or reservoir. 

The difference between the total demonstrated net 
generating capacity of the units controlled by a system 
and that system’s projected peak demand. 

Generating Unit 

Hydro Unit 

Installed Reserve 
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Interruptible Demand 
(or Interruptible Load) 

Load 

Load Dispatcher 

Nuclear Unit 

Operating Reserve 

Peak Demand 

Power Pool 

Demand that can be interrupted (discontinued com- 
pletely) or reduced by the system control operator or by 
the customer at the request of the operator, when the 
utility considers a reduction of load is necessary, under 
the terms of a contract under which the customer 
receives electric service. ”Interruptible contracts” are 
not standardized; the contract conditions are generally 
different for different utilities, and may be different 
even for different customers of any one utility. Inter- 
ruptible contracts are usually designed for use with 
industrial customers. In consideration of the fact that 
the power supply may be subject to curtailment or 
cessation (which may adversely affect the customer’s 
operations) the utility charges a rate lower than that 
which would ordinarily be charged. The interruptibility 
conditions may be the length of notice to be given to 
the customer that service will be curtailed or inter- 
rupted, the duration of the interruption, the number of 
instances during a specified period (one month, one 
year, or other) that the interruptibility option may be 
exercised by the utility or other factors. A usual condi- 
tion for implementation of the interruptible contract 
terms is the existence of a supply emergency on the 
utility’s system. 
A term generally used as a synonym for demand, but 
also sometimes for energy supply. 

An individual who coordinates the operation of 
generating units, usually by means of the devices in a 
control center. 

A generating unit for which the source of energy is 
nuclear fission. The U.S. Nuclear Regulatory Commis- 
sion uses the term ”plant” instead of ”unit.” 

The actual reserve generating capacity in excess of 
demand that a system has available at any time. The 
term may include spinning reserve, 30-minute reserve, 
and other available types. 

See Demand. 

Two or more electric systems that coordinate their 
planning and operations, usually to operate as a single 
control area. The detailed parameters require FERC 
approval. A power pool contract may include the 
following: (1) an agreement to share reserve capacity; 
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Pumped Storage 

Purchase 

Reserve 

Rotating (Rolling) 
Blackout 

(2) centralized dispatch of the generating units of all 
parties; (3) free flow of power among the parties 
without the need for advance agreements as to magni- 
tude, timing, and cost; (4) sharing of the cost and 
output capacity of new generating units; (5)  agreement 
to contribute a specified amount or percentage of 
reserve capacity to the pool; and (6)  other relevant 
matters. The systems that form the pool are in the same 
geographical area and may all be subsidiaries of one 
holding company or may be individual electric utilities 
with no intercompany contracts other than the pool 
agreement. 

A hydroelectric energy generation site whereby water 
i s  pumped via a reversible motor generator to an 
elevated reservoir during nonpeak periods and stored. 
When additional capacity is needed, the water is 
released to generators located at a lower level and the 
output electric energy is sent to the system. Scheduling 
the pumping and generating times for a pumped 
storage facility is complex and dependent on many 
factors. 

A transaction between two or more utilities for a 
specified amount of capacity and/or energy from the 
other for a specified time period at a negotiated price. 

A general term used to state the difference between 
generating capacity and the current control area or 
system peak load demand. It must be qualified to 
indicate whether it refers to planning reserve or operat- 
ing reserve, and there are categories within these 
general terms. 

An element of an electric energy supply entity emer- 
gency plan whereby the service to a specific group of 
customers is manually disconnected for a stated period 
(usually 5 to 30 minutes) and is then restored while 
service to a different group is disconnected. The 
purpose of rotating (rolling) blackouts is to reduce the 
control area’s peak load so it matches the available 
power supply. 
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Sale A transaction between two utilities in which one sells a 
specified amount of power to the other for a specified 
time period at a negotiated price, so that the purchas- 
ing utility may resell the power to its customers. Such 
sales may be firm and/or nonfirm such as emergency 
and economy energy transactions and may be capacity 
or energy only. 

Scheduled Outage 

Sendout 

Steam Unit 

System Operator 

Throughput 

Voltage Reduction 

Removal of equipment or other components from 
service according to a coordinated prearranged sched- 
ule. 

The daily volume of natural gas that an LDC puts into 
its system to meet customer needs. 

A generating unit that uses steam to operate a turbine 
(or turbines) that in turn provides mechanical energy to 
an electric generator, which produces electric energy. 

An individual at a control center with responsibilities 
for specific functions within the control center. Some 
system operators perform load dispatch oversight 
operations while others perform oversight duties for 
the bulk power transmission system and switching. 
Others perform planning and/or maintenance coordi- 
nation functions. 

Actual or estimated volume of natural gas that may be 
carried by a pipeline over some period of time. 

The directed reduction by a utility or control area of the 
system voltage level to a lower voltage such that 
consumer delivery voltages and nominal power 
requirements are less. Usual system or control area 
voltage reductions as a percentage of nominal voltage 
on the circuit are 3 percent and 5 percent. By law, such 
reductions must be reported to the U.S. Department of 
Energy. 
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ACRONYMS USED IN THIS CHRONOLOGY 
ACE 
AEP 
APS 
BGE 
CNG 
CP&L 
DLCO 
Duke 
HE 
IPL 
JCPL 
MET ED 
NCP 
NEPEX 
NYPP 
PECO 
PEPCO 

PTM 
PPL 
PSEG 

SOCO 
WA 
VEPCo 

Atlantic City Electric Co. 
American Electric Power System 
Allegheny Power System 
Baltimore Gas & Electric Co. 
Consolidated Natural Gas Co. 
Carolina Power & Light Co. 
Duquesne Light Co. 
Duke Power Co. 
Hoosier Energy Rural Electric Cooperative, Inc. 
Indianapolis Power & Light Co. 
Jersey Central Power & Light Co. 
Metropolitan Edison Co. 
North Carolina Power 
New England Power Exchange 
New York Power Pool 
PECO Energy Co. 
Potomac Electric Power Co. 
Pennsylvania-New Jersey-Maryland Interconnection 
Pennsylvania Power & Light Co. 
Public Service Electric & Gas Co. 

The Southern Company System 
Tennessee Valley Authority 
Virginia Electric and Power Co. 
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APPENDIX C. CHRONOLOGY: JANUARY 13-20, 1994, COLD-WEATHER EVENTS 

Thursday, January 13,1994 

Friday, January 14,1994 

Saturday, January 15,1994 

Monday, January 17,1994 

Tuesday, January 18,1994 

l ime 

1617 

1020 

1020 

0800 

1338 

1000 

2000 

2015 

2200 

2330 

0049 

0400 

0540 

0745 

1137 

System 

All PJM utilities 

All PJM utilities 

PEPCO (PJM) 

PSEG (PJM) 

PECO (PJM) 

PECO 

APS 

PECO (PJM) 

PP&L (PJM) 

PP&L (PJM) 

All PJM utilities 

VEPCo 

APS 

MET ED (PJM) 

PECO (PJM) 

Event 

Cold weather message issued by PJM 
control center. 

Cold Weather Alert for Sunday, January 16, 
0500-2100 hours. 

All generating stations ordered to have 
combustion turbine units staffed from 0400 
hours on January 15 through January 18. 

All interruptible gas customers ordered to be 
off-line. 

Declares Cold Weather Alert 

Schuylkill No. 1 reduces generation to 
conserve fuel 

Severe condition alert declared 

Schuylkill No. 1 steam generating unit, 166 
MW, oil fuel with no alternate fuel, out of 
service because of lack of fuel. 

Martins Creek units 3&4 limited to 173 MW 
to conserve oil supplies 

Conemaugh No. 1 (850 MW) returned to 
service 

500-kV circuit breaker on Wescosville West 
line in Pennsylvania tripped because of air 
system leak. 

CNG natural gas pipeline notifies VEPCo 
that the natural gas supply to Chesterfield 
No. 7 generating unit (170 MW) will be 
curtailed. Unit fuel supply is switched to 
heating oil until an additional gas supply 
source is found on January 19. No unit 
outage. 

Hatfield Unit No. 1 (555 MW) trips due to 
tube leak. 

Titus No. 1 steam generating unit, 79 MW, 
coal-fired, out of service because of lack of 
fuel (oil). 

Cold Weather Alert declared. 

c-2 



WEATHERING THE COLD OF '94 

lime 

1200 

1500 

1535 

1629 

1645 

1645 

1648 

1705 

1708 

1719 

1726 

1735 

1740 

1800 

System 

PECO (PJM) 

ACE (PJM) 

All PJM utilities 

All PJM utilities 

VEPCO 

All PJM utilities 

All PJM utilities 

All PJM utilities 

BG&E (PJM) 

AI'S 

Event 

Croydon Combustion Turbines No. 12, No. 
32, No. 41, and No. 42 reduce generation to 
conserve oil. 

Deepwater No. 4 steam generating unit, 54 
MW, oil-fired, no alternate fuel, out of 
service because of lack of oil. 

DuPont No. 7 (Deepwater 7) generating 
unit, 24 MW, out of service because of lack 
of fuel (oil). 

Order issued for maximum emergency 
operation of all steam generating units. 

PJM Operating Committee teleconference to 
review load conditions. 

Possum Point No. 1 steam generating unit, 
74 MW, oil fuel, no alternate fuel, tripped 
because of operator error. 

Warning issued for system voltage reduc- 
tion. 

Order issued for maximum emergency 
generation operation for combustion turbine 
units. 

Warning issued for manual load shedding. 

Eight combustion turbine generating Units, 
total 136 MW, natural gas-fired, no alternate 
fuel, out of service because of curtailment of 
natural gas supply. 

Five-percent system voltage reduction 
ordered by APS System Operator on 
Monongahela and West Penn Power System. 

APS System Operation Office initiates action 
to contact industrial and large commercial 
customers and request voluntary load 
reductions. 

Five-percent voltage reduction order on 
Potomac Edison System 

South River nonutility generator, 252 MW, 
out of service because of lack of natural gas. 
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1935 PP&L (PJM) Brunner Island No. 1 (321 MW) tripped due 
to frozen drum line. 

2031 APS 

2215 APS 

2335 ACE (PJM) 

Wednesday, January 19,1994 N.A. Governor of NJ 

0012 All PJM utilities 

0012 All PJM utilities 

0019 All PJM utilities 

0235 AI'S 

. 0245 APS 

0301 PJM system 

0322 PJM system 

0321 All PJM utilities 

0335 All PJM utilities 

0351 All PJM utilities 

Wylie Ridge 500-kV breaker locks out. 

Five-percent voltage reduction canceled. 

Mickleton No. 1 generating unit, 59 MW, 
natural gas-fired with kerosene as alternate 
fuel, out of service because of unavailability 
of natural gas and lack of kerosene. 

State of Emergency declared. 

Warning for manual load shedding canceled. 

Warning for voltage reduction canceled. 

Maximum emergency generation condition 
canceled. 

Kammer-Harrison-Ft. Martin 500-kV 
transmission line tripped because of failure 
of a "Transfer Trip" relay This was not a 
weather-related problem. 

Two 500 kV circuit breakers at Fort Martin 
trip and lock out due to low air pressure. 

Homer City 345/230 kV north autotrans- 
former tripped. 

Conemaugh No. 2 generating unit, 850 MW, 
coal-fired, no alternate fuel, output shared 
among the PJM utilities, tripped due to 
circulating pump problems. 

Request 100 percent spinning reserve to be 
synchronized. 

100 percent spinning reserve request can- 
celled. 

Supplementary Status Report information 
requested. 

0355 All PJM utilities Primary reserve alert and warning issued. 

0355 All PJM utilities Voltage reduction and voluntary customer 
load curtailment alerts issued. 
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l ime 

0356 

0400 

0400 

0405 

0410 

System 

All PJM utilities 

PSEG (PJM) 

VEPCo 

All PJM litilities 

All PJM utilities 

0416 VEPCo 

0420 

0436 

0446 

All PJM utilities 

All PJM utilities 

All PJM utilities 

0500 AI'S 

0503 All PJM utilities 

0506 All PJM utilities 

0508 Pepco (PJM) 

Event 

Homer City-Watercure 345-kV transmission 
line in New York tripped. 

Burlington No. 10 generating unit, 170 MW, 
out of service because of lack of fuel. 

Gravel Neck No. 2 combustion turbine 
generating unit, 28 MW, oil fuel with natural 
gas as alternate, tripped. 

Alburtis-Juniata 500-kV transmission line in 
Pennsylvania opened when its 500-kV 
circuit breaker at Alburtis trips. 

The 345/230-kV "South" autotransformer at 
Homer City in New York operating in 
overload condition. 

Possum Point No. 1 steam generating unit, 
74 MW, oil fuel, returned to service. (This 
unit had tripped on Tuesday, January 18, at 
1645 hours because of operator error.) 

Maximum emergency generation from 
combustion turbines requested. 

Load management steps 1 and 2 alert issued. 
Order issued for 5 percent voltage reduction 
at 0630. 

Homer City-Watercure 345-kV transmission 
line returned to service relieving overload 
on Homer City 345/230 kV and South 
Autotransformer. This line had tripped this 
morning at 0356 hours. 

Order issued for immediate 5 percent 
system voltage reduction on Potomac 
Edison System. 

Maximum generation from all combustion 
turbines requested. 

Manual load-shed warning issued. 

Benning No. 15 steam generating, 275 MW, 
oil-fired, no alternate fuel, tripped because 
of tube leak. 
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Time 

0515 

0515 

0530 

0530 

0600 

0600 

0600 

0600 

0600 

System 

All PJM utilities, 
VEPCo, APS 

IPL 

VEPCo 

DLCO 

All PJM utilities 

VEPCo 

PECO (PJM) 

All PJM utilities 

0608 CPL 

0615 CPL 

Event 

Level 1 of Reliability Coordination Plan 
declared to be in effect based on heavy flows 
on APS transmission system. No action 
taken. Flows are manageable. 

System Operations Department authorized 
actions to initiate contacts with industrial 
and large commercial customers and request 
voluntary load reduction. 

System Operations Department authorized 
initiation of public appeals for electric 
power conservation. 

System Operations Department authorized 
initiation of public appeals for electric 
power conservation. 

Operating Committee teleconference 
reviewed situation and the need for emer- 
gency procedures between 0800 and 1000. 

Gravel Neck No. 1 combustion turbine 
generating unit, 17 MW, oil fuel with natural 
gas as alternate, tripped because of a com- 
bustor problem. 

Issues Cold Weather Alert. 

PJM System Operator ordered load manage- 
ment curtailment steps 1,2,3, and 4. 

Radio/TV appeals for electric power 
conservation initiated in Washington, DC, 
and company load management programs 
implemented. 

Initiated imp1 ?mentation of water heater 
demand-side load management plan. 

Initiated call on NERC “Hot Line” request- 
ing assistance, and initiated action to effect a 
5-percent voltage reduction as ordered by 
System Operations Department. 
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l ime System 

0615 VEPCo 

0618 APS 

0623 VEPCo 

0631 TVA 

0645 All PJM utilities 

0645 All PJM utilities 

0645 TVA 

Event 

Notified APS that the 200-MW power 
delivery specified in an existing load diver- 
sity contract to begin at 7 A.M. would not be 
available that day 

Wylie Ridge-Harrison 500-kV transmission 
line trips because of low air pressure in a 
circuit breaker. 

Implemented 5-percent nominal system 
voltage reduction as directed by the System 
Operations Office. 

Initiated action to n o w  customers that 
economy surplus " B  was being cancelled. 

Initiated actions to effect a !%percent voltage 
reduction as ordered by the PJM System 
Operator. 

Operating Committee teleconference 
reviewed current situation. The Committee 
was informed of the imminent implementa- 
tion of voluntary customer load curtailment 
and the issuance of radio/TV appeals for 
electric power conservation. 

Initiated action to notify customers that 
economy surplus power deliveries under 
option "A" were being curtailed. 

0645 AI'S, all PJM utilities, 
and VEPCo 

Initiated actions to implement Level I1 of 
the Reliability Coordination Plan. No action 
taken. Power flows manageable. 

0653 All PJM utilities 

0700 VEPCo 

Hosensack-Quarry 230-kV transmission line 
in Pennsylvania trips. 

Northern Neck No. 3 and No. 4 combustion 
turbine generating unitsf 19 M W  each, oil 
fuel, no alternate fuel, tripped because of 
instrument indication of high temperature 
on the main winding of the transformer 
serving both units. 
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Time System Event 

0700 All PJM utilities PJM System Operator ordered the beginning 
of radio and TV appeals for voluntary 
electric power curtailment. 

0700 DLCO System Operations Dept. directed that 
actions be implemented to contact industrial 
and large commercial customers to request 
voluntary electric power conservation. 

0701 APS Transmitted phone-mail message to the U.S. 
Department of Energy’s Office of Emergency 
Management requesting assistance in 
obtaining a load reduction at the 
Department’s nuclear processing facility in 
Portsmouth, Ohio. 

0702 soco Generating unit No. 4,900 MW, coal-fired, at 
Plant Bowen on the Georgia Power Com- 
pany system tripped; unit No. 2 at this plant 
experienced a run-back of about 500 MW. 

0705 All PJM utilities 

0705 All PJM utilities 

Order issued for all PJM member utilities to 
shed all nonessential building loads. 

The PJM System Operator ordered issuance 
of voluntary load curtailment request to 
customers. 

0705 All PJM utilities The PJM System Operator ordered manual 
shedding of 500 MW of load by the system. 

0705 All PJM utilities 

0710 DOE 

0713 Duke 

0713 PP&L (PJM) 

0720 PEPCO (PJM) 

0733 TVA 

Manual load shedding begun. 

DOE’S Portsmouth plant received request 
from supplier to drop load throughout the 
day. 

Water heater control program activated. 

Martins Creek. No. 1 tripped while supply- 
ing 140 M W  due to frozen drum level line. 

Manually controlled rotating load shedding 
begun. 

Economy surplus power customers (Option 
”E”) curtailed. 
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Time System 

0739 PPL(PJh4) 

0741 All PJM utilities 

0743 AI'S 

0753 Pepco (PJM) 

0800 All PJM utilities 

0800 TVA 

0800 EKPC 

0800 

0800 

0802 

0815 

0815 

CGE 
OE 

AI'S 

Duke 

0821 NYPP 

0823 VEPCo 

Event 

PJM Control Center notified that all 230-kV 
circuit breakers at the Susquehanna 230-kV 
substation have leaks and could trip at any 
time. 

500 manual load shedding order cancelled. 

Initiated action to make public appeals for 
electric power conservation. 

All load that had been shed manually is 
restored. 

Initiated sale of 500 MW of emergency 
power to VEPCo. 

Initiated distribution load reduction pro- 
grams and public appeals. 

Initiated actions for public appeals to 
conserve electric power and to make direct 
appeals to industrial and large commercial 
customers for electric power conservation. 

Action taken to initiate direct appeals to 
industrial and large commercial customers 
for electric power conservation. 
Kammer-Harrison-Ft. Martin 500-kV 
transmission line returned to service. This 
line had tripped this morning at 0235 hours. 

Initiated implementation of interruptible 
service program. 

Sale of 500 M W  of emergency power to 
VEPCo cancelled; actual delivery was 167 
MWH. 

Phone-mail message received by DOE, and 
action initiated to obtain approvals and 
notify the Portsmouth, Ohio, facility to 
reduce its electric power requirements. 

Five percent Quick Response voltage 
reduction in NYPP accomplished in re- 
sponse to a request from PJM to enhance 
power deliveries from NYPP to PJM. 

System Operator orders manual shedding of 
400 MW of firm load. 

All PJM utilities 
VEPCo 

APS 
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APPENDIX C. CHRONOLOGY: JANUARY 13-20, 1994, COLD-WEATHER EVENTS 

l ime 

0825 

0828 

0830 

0830 

0830 

0830 

0845 

0902 

0915 

0922 

0930 

0934 

0934 

System 

DOE 

AI’S 

PJM 

All PJM utilities 

AI‘S 

AEP 

VEPCo 

AEP 

HE 

All PJM utilities 

PPL (PJW 

soco 

0936 NYPP 

Event 

Portsmouth plant initiated 100-MW load 
drop. 

Control center requested all 500-kV substa- 
tions be manned. 

Notified A P S  it was selling 1,000 M W  to 
other systems. 

Joint teleconference of PJM Management 
and Operating Committees to review status 
of system. 

Intercepted 359 MW of sale from AEP to 
PECO for own needs on emergency basis. 

Issued public appeals for electric power 
conservation. 

System Operator orders manual shedding of 
an additional 400 M W  of firm load. 

System voltage reduction ordered to reduce 
system load. 

Directed action to appeal to industrial and 
large commercial customers for electric 
power conservation and initiated public 
appeals for electric power conservation. 

PJM operators order manual load shedding 
of 500 MW. 

230-kV circuit breaker on the Sunbury 230- 
kV transmission line trips. 

Georgia Power Co.’s Plant Bowen Unit No. 
2,700 MW, coal-fired, tripped. 

Requested NYPP to implement manual 
system voltage reduction to enhance 
amounts of power available for export to 
PJM. 

In response to PJM request, NYPP directed 
its member utilities to implement manual 
voltage reduction such that additional 
power could be made available for export to 
PJM. 

c-I 0 



WEATHERING THE COLD OF '94 

l ime 

0940 

0941 

0944 

1000 

1010 

1010 

System 

All PJM utilities 

soco , 
OG, MEAG, and CD 

All PJM utilities 

Pepco PFL) 
All PJM utilities 

1020 APS 

1100 VEPCo 

1106 NYPP 

1112 NYPP 

1114 NYPP 

1130 VEPCo 

1144 All PJM utilities 

1200 VEPCo 

1206 PP&L (PJM) 

1215 VEPCo 

Event 

NYPP notifies PJM that the export stability 
limit has been reached. 

Plant Vogtle No. 1 nuclear unit, 1,200 MW, 
tripped; SOCO recalls 800 MW of sales to 
other utilities. 
PJM requests NYPP to restudy their export 
stability limitation. 

Load management programs terminated. 

PJM System Operator ordered an additional 
500 MW of load to be shed; total was now 
1,000 MW. 

Homer City North 345/230 auto-trans- 
former returned to surface (had tripped at 
0301). 

Received notification from the DOE Ports- 
mouth facility that their load requirements 
had been reduced by 185 MW. 

200 MW of manually shed load ordered 
restored. 

Terminated its 5 percent Quick Response 
voltage reduction. 

Completed technical studies and rerated 
intersystem transfer from NYPP to PJM. 

NYPP notifies PJM that power export 
stability limit has been increased to 3,600 
MW and PJM schedules 3,400 MW of power 
purchases. 

200 MW of manually shed load ordered 
restored. 

PJM System Operator ordered 500 MW of 
additional manual load shedding; total is 
now 1,500 MW. 

200 MW of manually shed load ordered 
restored. 

Martins Creek No. 1 returned to service. 

200 M W  of manually shed load ordered 
restored. 



APPENDIX C. CHRONOLOGY: JANUARY 1 3-20, 1994, COLD-WEATHER EVENTS 

1254 All PJM utilities 

1303 All PJM utilities 

1307 All PJM utilities 

1327 PP&L (PJM) 

1330 All PJM utilities 

1423 APS 

1540 All PJM utilities 

1551 AI'S 

1701 PennElec (PJM) 

1845 AI'S 

Time System Event 

1215 PennElec (PJM) Erie Airport removed from manual load 
drop plans. 

1217 APS The Wylie Ridge-Harrison 500 kV transmis- 
sion line returned to service (the line had 
tripped this morning at 0618 hours). 

1234 All PJM utilities The Homer City 345/230-kV "South" 
autotransformer returned to service. This 
autotransformer had been in overload 
condition at 0410 hours this morning. 

Order for 500 MW of manual load shedding 
cancelled; total is now 1,000 MW. 

Order for 500 M W  of manual load shedding 
cancelled; total is now 500 MW. 

Order for 500 MW of manual load shedding 
cancelled; there is now no manual load shed 
remaining. 

Conemaugh No. 2 (850 M W )  returned to 
service. 

Joint teleconference of Management and 
Operating Committees to review status of 
the system. 

Harrison-Wylie Ridge 500-kV line returned 
to service. 

The 500-kV circuit breaker at Alburtis 
substation for the 500-kV transmission line 
to Juniata substation returned to service. 
This circuit breaker had tripped at 0405 
hours this morning. 

Kammer-Fort Martin-Harrison 500-kV line 
trips and recloses only at Kammer. (Kammer 
is the location with transmission ties to AEP.) 

Sun Pipeline exempted from load curtail- 
ment actions. 

Notified generating stations to operate such 
that stack gas emissions level returned to 
capacity limit. 

I 



WEATHERING THE COLD OF '94 

Time System 

1900 VEPCo 

1936 All PJM utilities 

2000 All PJM utilities 

2000 All PJM utilities 

2028 

2145 

All PJM utilities 

All PJM utilities, 
VEPCo , 
APS 

2200 PennElec (PJM) 

2205 PP&L (PJM) 

Event 

Gravel Neck No. 2 combustion turbine 
generating unit, 28 MW, returned to service. 
This unit had tripped at 0400 hours this 
morning. 

The System Operator directs that the radio 
and TV appeals for load curtailment initi- 
ated on January 19 be continued on January 
20. 

The System Operator cancels the order that 
was issued at 0705 to initiate voluntary 
customer load curtailment. 

The System Operator cancels the order for 
member utilities to reduce nonessential 
building loads. 

The System Operator cancels the order that 
was issued at 0645 to initiate 5 percent 
voltage reduction. 

Reliability Coordination Plan Step II can- 
celled. 

Honey Grove circuit supplying Texas 
Eastern pipeline removed from manual load 
prop schedule. 

Brunner Island No. 1 (321 MW) returned to 
service. 

2232 All PJM utilities System Operator cancels the order that was 
issued at 0600 to initiate load management 
curtailment steps 1,2,3, and 4. 

2259 VEPCo 

2307 All PJM utilities 

2310 All PJM utilities 

Chesterfield No. 6 steam generating unit, 
671 MW, coal-fired, no alternate fuel, out of 
service because of frozen coal. 

Emergency generation operations cancelled. 

Manual load shedding and voltage reduc- 
tion warnings cancelled. 

c-I 3 



APPENDIX C. CHRONOLOGY: JANUARY 13-20, 1994, COLD-WEATHER EVENTS 

Time 

2323 

System 

All PJM utilities 

Event 

Following orders cancelled: m&imum 
scheduled generation operations, primary 
reserve alert and warnings, voltage reduc- 
tion alert, voluntary customer load curtail- 
ment alert. - 

Thursday, January 20,1994 0120 Pepco (PJM) 

0151 PPL 

Chalk Point Unit No. 4,612 MW, tripped 
because of a fan failure. 

Susquehanna nuclear Unit No. 21,060 MW, 
tripped. 

0313 PECO (PJM) 

0405 Pepco (PJM) 

0429 VEPCo 

0546 VEPCo 

Primary reserve alert and warning issued. 

Chalk Point Unit No. 4 returned to service. 

Chesterfield No. 6 steam generating unit 
returned to service. This unit had been taken 
out of service on Wednesday, January 19, at 
2259 hours because of frozen coal. 

Chesterfield No. 6 steam generating unit 
tripped because of high temperature exhaust 
steam. 

0600 

0606 

PECO (PJM) 

VEPCo 

Issues Cold Weather Alert. 

Chesterfield No. 6 steam generating unit 
returned to service. 

Friday, January 21,1994 

0757 

1200 

NYPP 

AI'S , All PJM utilities, 
VEPCo 

1200 VEPCo 

1255 ' Pepco (PJM) 

1330 All PJM utilities 

1155 APS 

Canceled manual voltage reduction. 

Operation of Level 1 of the Reliability 
Coordination Plan cancelled at direction of 
APS. 

Gravel Neck No. 1 combustion turbine 
generator returned to service. This unit had 
tripped on Wednesday, January 19, at 0600 
hours. 

Order issued to implement the Hot Water 
Load Management Program from 1530 until 
2130. 

Joint teleconference of the Management and 
Operating Committees to review current 
status of the system. 

PJM Primary Reserve Alert and Warning 
canceled. Severe Alert condition canceled. 
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The Pennsylvania-New Jersey-Maryland (PJM) Interconnection Association and 
the Viiginia Electric and Power control areas within the Eastern Interconnection 
instituted rolling blackouts during the January 1994 emergency. The PJM control 
area is also a power pool composed of 10 utilities. These members are: 
rn Atlantic City Electric Company 
H Baltimore Gas and Electric Company 
rn Delmarva Power and Light Company 
I *Jersey Central Power & Light Company 
H *Metropolitan Edison Company 

*Pennsylvania Electric Company 
H Pennsylvania Power & Light Company 
H PECO Energy Company (formerly Philadelphia Electric Co). 
H Potomac Electric Power Company 
H Public Service Electric and Gas Company 

*Subsidiary of the General Public Utilities Corporation 
The Mid-Atlantic Area Council (MAAC) is composed of 11 participating 
companies and eight associate members. The associates are as follows: 
H Allegheny Elect& Cooperative, representing the Pennsylvania and New 

H CRSS Capital, Inc. 
H City of Dover, Delaware, representing the Delaware municipals 
rn City of Vineland New Jersey Electric Utility, representing the New Jersey 

municipals 
H The Easton, Maryland, Utilities Commission, representing the Maryland 

municipals 
rn Old Dominion Electric Cooperative (for those cooperatives on the Viiginia 

peninsula) 
rn Southern Maryland Electric Cooperative (Maryland), representing the 

Maryland cooperatives 
rn US. Generating Company 
Control areas are established for operational reasons to implement the reliability 
criteria established by power pools and reliability councils. Power pools provide 
for resource sharing to achieve economic benefits. PJM is the ody control area 

Jersey cooperatives 
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APPENDIX D. POWER SUPPLY 

within MAAC. There are 538 identified generating units in the PJM control 
center. The electricity supply to an estimated 22 million people in a 50,000- 
square-mile area of consisting of New Jersey, the District of Columbia, Dela- 
ware, and parts of Pennsylvania, Maryland, and Virginia is controlled by PJM. 

The 11 member utilities of PJM operate most of the region’s powerplants; 
however, there are 76 other utilities within MAAC. These other utilities are 
small publicly owned and cooperative systems that purchase most of the power 
they distribute to their end-user customers from PJM utilities. Some of these 
small systems have minor amounts of generating capacity The customer base 
for MAAC utilities varies from less than 400 customers to almost 2 million. 
Within PJM, Washington, D.C., and its Maryland suburbs account for between 
5 and 6 percent of commercial consumption. The National Capital Region of the 
General Services Administration manages the electric power supply for Federal 
facilities. In this area, the Federal loads are estimated to be more than 7 percent 
of the total electric consumption in the area. 

Virginia Power alone serves about 1.8 million customers in Virginia (about 
29 percent of the State’s population), while North Carolina Power serves 
20 counties in North Carolina. The Virginia Electric and Power control area is 
part of the Virginia-Carolinas (VACAR) subregion of the Southeastern Electric 
Reliability Council (SERC). 

Virginia Electric and Power Company and comprise a single power control area. 
The Old Dominion Electric Cooperative, several municipal systems, and many 
NUGs are also within this control area. 

Virginia Power and North Carolina Power are operating entities of the 
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ELECTRIC .POIJER SYSTEM DISTURBANCES IN MAAC 
REPORTED TO THE DEPARTMENT OF ENERGY 

Jan 1, 1987 --- Dec 31, 1987 

N.A. = Not Available 
V R  = Voltage Reduction 
P.A. = Appeal to the public to reduce use o f  electricity 

870202 blet and heavy snow accumulated on trees and primary distribution lines. Broken tree limbs falling 

870203 Heavy wet snow caused breakage o f  tree limbs and distribution lines, and a 13.2 KV transformer failed. 

870802 The service area o f  the Pennsylvania-New Jersey-Maryland interconnection c o n s i s t s  o f  New Jersey, 

on distribution circuits interrupted service. 

Delaware, the District of  Columbia and parts o f  Pennsylvania, Maryland and Virginia. Details unavailable. 



f E l  E C I R I C  I’ l l I4ER S Y S T E M  D l S T U R D A N C C 5  I N  MAAC 

R E P O R T E D  T O  THE DEPARTMENT OF ENERGY 

Jan 1, 1988 --- Dec 31, 1988  

N . A .  = I n f o r m a t i o n  Not A v a i l a b l e  
VR = Vol t a g e  R e d u c t i o n  
P . A .  = Appeal  t o  t h e  p u b l i c  t o  reduce  t h e  use o f  e l e c t r i c i t y  

8 8 0 6 0 3  No d e t a i l s  a v a i l a b l e .  

880808 T r a n s m i s s i o n  d i f f i c u l t i e s  i n t e r f e r e d  w i t h  d e l i v e r y  o f  pu rchased  power f r o m  u t i l i t i e s  i n  t h e  ECAR a rea  
west  o f  P e n n s y l v a n i a  and  t h e  a v a i l a b l e  c a p a c i t y  was i n s u f f i c i e n t  t o  s u p p l y  e x p e c t e d  demand. 
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E L E C T R I C  I'OIdER SYSTEM DISTURDANCES I N  MAAC 

REPORTED T O  THE DEPARTMENT OF ENERGY 

Jan 1, 1 9 8 9  --- D e c  31, 1 9 8 9  

A r e a  1 U t i l i t y / P o w e r  P o o l  I T y p e  O f  IMW L o s t 1  N u m b e r  o f  I R e s t o r a t i o n  I I n i t i n t i r r u  

I I 1 I A f f e c t e d  I I 
I ( C n u n c i  1 ) I D i s t u r b a n c e l  I C u s t o m e r s  I T i m e  I 1  C 3 l I r . P  

(4 

4 

1 

4 

3 

3 

1 

1 

3 



m 
I m 

89'0601 Failure of a secondary bushing on a 6 9  K V  circuit breaker resulted in the destruction o f  that breaker, 
e fire, and damage to other facilities in the Bells Mill substation. Five other substations were 
shut down by protective relaying equipment a s  a result of the damage to Bells Mill substation. 

R90603 Fire in a manhole on M St. lll.1 damaged 13.2 K V  underground cables and spread to other manholes. 
Commprcial and government office buildings in central D.C. lost all power and some 15000 employees 
were affected. Federal agencies without electricity were: Federal Communications Commission; 
t h e  blar,hington office o f  the U . S .  Secret Service; Administrative Council of the United States; 
Railroad Retirement Board. 
Traffic signals in the area were inovcrahle and savc?ral strents wero closod by police. 

890605 The most severe storm in PEPCO history broke about 500 distribution lines by knocking down Poles and 

890610 As a result o f  the loss of a Chalk Point unit on the system o f  Potomac Electric Rower Co. (PEPCO), 

trees,, necessitating a massive reconstruction effort. 

the entire PJM system had to reduce voltage by 5%. The Potomac Edison Co. (in ECAR) also had to 
reduce voltage by 5 X  because it i s  tied to the PJM system. 

890704 lack o f  sufficient operable generating capacity to meet increasing load necessitated, a 5% voltage 
reduction by Potomac Electric Power Co. and the Daltimore Gas 8 Electric Co.,members of the PJM 
Interconnection. In order to prevent break-up o f  the interconnected eastern system, the 
Allegheny Power System (in ECAR) and Virginia Power Co. (in SERC) also reduced voltage by 5%. 

890708 Heavy loads and inability to obtain purchased power from systems to the west (ECAR area) made 

891103 A severe windstorm over the mid-Atlantic states caused numerous interruptions o f  customer service 

a 5% voltage reduction necessary. 

on several systems. Five 6 9  K V  transmission lines on the LILCO system were temporarily put out of 
service by the winds, a s  were lines on the PEPCO system at voltage levels u f  69 KV, 34 KV and 13KV. 
No damage to generating Plants was reported by any system. 
listed in the table above, other customer outages (but no details) were reported as followst 
Baltimore Gas 8 Electric Co. 70,000; Pennsylvania Power 8 light Co. 113,000; 
Atlantic City Electric Co. 5,000; Delmarva Power 8 light Co. 8,000. 

In addition to the customer outages 

89110G A severe windstorm over the mid-Atlantic states caused numerous interruptions o f  customer service 
on sevpral systems. Five 6 9  KV transmission lines on the 1IlCO system were temporarily put out of 
servicp by the winds, a s  were lines on the PEPCO system at voltage levels of 69 KV, 3 4  K V  and 13YV. 
H o  damage to generating plants was reported by any system. In addition to the customer 
outasps listed in the table above, other customer outages (but no details) were reported as I 

followst Baltimore Gas 8 Electric Co. 70,000; Pennsylvania Power 8 Light Co. 113,000~ 
Atlantic City Electric Co. 5,000; Delmarva Power 8 light Co. 8,000. 

R ? l Z 1 0  On Dec 22 Potomac Electric Power Co. (PEPCO)  and Baltimore Gas 8 Electric Co. (BGE) instituted 
a 5% voltage reductioh between 7r35AM and 1 1 1 3 4  AM because cold weather caused unexpectedly 
high loads and problems i n  the delivery of No.  6 fuel oil required system operation such that 
fuel oil would be conserved. 



ELECTRIC PObIER SYSTEM DISTURBANCES I N  MAAC 

R E P O R T E D  T O  THE DEPARTMENT OF ENERGY 

Jan 1, 1990 - - -  Dec 31, 1990 

D a t r  I Time 1 Area I U t i l i  t y /Power  Poo l  I Type o f  
I I I ( C o u n c i l )  I D i s t u r b a n c e  
I I I I ________________-___--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

7/03/901 1 1 6 5  P M I  B a l t i m o r e -  I PJM I n t e r c o n n e c t i o n  I V R ,  P.A. 
I I Wash ing ton  I ( M A A C )  I 900703 

N.A. = Not A v a i l a b l e  
V R  = V o l t a g e  R e d u c t i o n  
P . A .  = Appea l  t o  t h e  p u b l i c  t o  reduce  t h e  use  o f  e l e c t r i c i t y  

900703 H igh  t e m p e r a t u r e s  and  high humidity i n  t h e  Ba l t imore-Glash ing ton  a r e a  caused l o a d s  t o  a p p r o a c h  
p r o j e c t e d  summer peak v a l u e s .  Power i m p o r t s  f r o m  t h e  ECAR a r e a  were  near  c r i t i c a l  l e v e l s ,  beyond 
w h i c h  sys tem v o l t a g e  c o l l a p s e  was p o s s i b l e ,  and s e v e r a l  g e n e r a t i n g  u n i t s  t r i p p e d .  As e r e s u l t ,  d u r i n g  
t h e  a f t e r n o o n ,  Potomac E l e c t r i c  Power Co. and B a l t i m o r e  Gas 8 E l e c t r i c  Co .  reduced  v o l t a g e  b y  5 X ,  t h e n  
i s s u e d  p u b l i c  a p p e a l s  f o r  ene rgy  c o n s e r v a t i o n  and u l t i m a t e l y  went t o  r o t a t i n g  l o a d  shedd ing .  Each 
s y s t e m  shed  a b o u t  2 0 0  MW. T h e  v o l t a g e  r e d u c t i o n s  reduced  l o a d  b y  a b o u t  3 0 0  MIJ; t h e  p u b l i c  a p p e a l s  
combined w i t h  r e q u e s t s  t o  l a r g e  cus tomcrs  f o r  v o l u n t a r y  l o a d  r e d u c t i o n ,  reduced  l o a d  by 7 0  MW, 
and t h e  l o a d  s h e d d i n g  g a i n e d  4 0 0  MI4 a d d i t i o n a l .  

w o r k i n q  on  a n o t h e r  t r a n s f o r m e r  i n  t h e  s u b s t a t i o n  were a b l e  t o  e x p e d i t e  t r a n s f e r  o f  l o a d  f r o m  t h e  
f a u l t r d  t r a n s f o r m e r  t o  t h e  t r a n s f o r m e r  on  w h i c h  t h e y  had been w o r k i n g .  

900707 A 2 3 0  KVl115 K V  t r a n s f o r m e r  a t  Glaugh Chape l  S u b s t a t i o n  f a i l e d  due t o  a n  i n t e r n a l  f a u l t .  Pe rsonne l  

I n i  t i n  t i r l u  
Cause 
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E L E C T R I C  POI4ER SYSTEM D I S T U R B A N C E S  I N  M A A C  

R E P O R T E D  T O  THE DEPARTMEtlT OF ENERGY 

Jan 1 ,  1991 --- Dec 31, 1991 

911101 A f i r e  and  e x p l o s i o n  f o l l o w e d  b y  a r e a c t o r  t r i p  o c c u r r e d  a t  t h e  Salem N O . ~  n u c l e a r  g e n e r a t i n g  u n i t  when 
b l a d i n g  o f  t h e  l o w  p r e s s u r e  t u r b i n e  was t h r o w n  t h r o u g h  t h e  c a s i n g ,  p o s s i b l y  because o f  t u r b i n e  ove rspeed  
The f i r e  l a s t e d  a b o u t  15 m inu tes ,  i n v o l v i n g  t u r b i n e - g e n e r a t o r  l u b r i c a t i n g  o i l  a n d  t h e  hyd rogen  u s e d  f o r  
c o o l i n g  t h e  g e n e r a t o r .  P r e l i m i n a r y  r e p o r t s  s t a t e  t h a t  t h e  i n c i d e n t  f o l l o w e d  t e s t i n g  o f  t h e  t u r b i n e  
overspeed t r i p  mechanism. Customers o f  t h e  u t i l i t i e s  i n  t h e  PJM I n t e r c o n n e c t i o n  were  n o t  e f f e c t e d  



ELECTRIC POI-JER SYSTEM DISTURBANCES I N  MAAC 

REPORTED T O  THE DEPARTMENT OF ENERGY 

Jan 1, 1992 --- Dec 31, 1 9 9 2  

I n i  t i  :I t i n r :  
c i l  II .. t .  

2 

920101 U u r i n g  a no rma l  s w i t c h i n g  o p e r a t i o n ,  t h e  s w i t c h i n g  d e v i c e  m a l f u n c t i o n e d ,  i n i t i a t i n g  a n  a r c  between 
two 2 3 0  K V  c a b l e s  t h a t  connec t  P E P C O ' s  S t a t i o n  C t o  t h e  sys tem.  The s t a t i o n  was t h e r e b y  d i s c o n n e c t e d  
f r o m  t h o  sys tem,  and i t s  f i v e  g e n e r a t i n g  u n i t s  t r i p p e d ,  c a u s i n g  l o s s  o f  a l l  l o a d  s u p p l i e d  f r o m  t h a t  
s t a t i o n .  An emergency t i e  w i t h  V i r g i n i a  E l e c t r i c  8 Power Co. was e s t a b l i s h e d  t o  a l l o w  s e r v i c e  
r e s t o r a t i o n  t o  b e g i n .  

9 2 1 2 0 4  kJh i le  o n e  o f  two 69 K'J l i n e s  supp ly ing  power t o  t h e  c o n p e r a t i v -  was b e i n g  s w i t c h e d ,  i m p r o p e r  o p e r a t i o n  
o f  a p r o t e c t i v e  r e l a y  caused t h e  o t h c r  l i n e  t o  t r i p ,  c u t t i n g  o f f  s e r v i c e  t o  t h e  c o o p e r a t i v e .  
The r e l a y i n g  a r rangements  have been c o r r e c t e d .  
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E L E C T R I C  POI4ER S Y S T E M  DISTURBANCES I N  MAAC 

REPORTED T O  THE DEPARTMENT OF ENERGY 

Jan I ,  1993 --- Dec 31, 1993 

5 /13 /93 ]  7 1 0 0  A M I  New J e r s e y  I P u b l i c  S e r v i c e  E l e c t . 8 1  S t o r m  I N . A .  I 26 ,000 I Noon 
I I lGas Co. ( M A A C )  I 930318 I I I 3 /14 /93  

[ n i  t i a t i n g  
Cause 

N . A .  = Not A v a i l a b l e  

9 3 0 3 0 8  A s t o r m  t r i p p e d  a 69 K V  l i n e  and e f f e c t e d  numcrous d i s t r i b u t i o n  c i r c u i t s .  A t  t h e  I n d i a n  R i v e r  Power 

5 3 0 3 0 9  Customer ou tages  were  due t o  s t o r m  e f f e c t s  on d i s t r i b u t i o n  c i r c u i t s .  The t r a n s m i s s i o n  sys tem,  and 

5 5 0 3 1 3  S t o r m  damage t o  d i s t r i b u t i o n  f a c i l i t i e s  i n t e r r u p t e d  s e r v i c e  t o  some cus tomers  b u t  t r a n s m i s s i o n  

P l a n t  n t empora ry  o p e r a t i n g  p r o b l e m  o c c u r r e d  when h i g h  w i n d s  b l e w  w a t e r  o u t  o f  t h e  c o o l i n g  w a t e r  i n t a k e .  

g e n e r a t i n g  p l a n t s .  were n o t  a f f e c t e d .  

f a c i l i t i e s  were  n o t  a f f e c t e d .  Crane G e n e r a t i n g  P l a n t  t r i p p e d  w h e n  a s t a t i c  w i r e  f a i l e d ;  t h e  P l a n t  
was r e s t o r e d  t o  s e r v i c e  w i t h o u t  d i f f i c u l t y .  

o r  t r a n s m i s s i o n .  
930318 D i s t r i b u t i o n  c i r c u i t s  t r i p p e d ,  i n t e r r u p t i n g  customers.  There  were  n o  p rob lems  w i t h  g e n e r e t i o n  

9 3 0 3 1 9  The s e r v i c e  i n t e r r u p t i o n s  were caused b y  breakage o f  35 d i s t r i b u t i o n  poles, .315 w i r e  s e c t i o n s  downr 
2 c i r c u i t  b r e a k e r  t r i p s  and ou tage  o f  38 d i s t r i b u t i o n  c i r c u i t s .  

9 3 0 3 2 0  One t r a n s m i s s i o n  s u b s t a t i o n  t r i p p e d  when h i t  b y  l i g h t n i n g  but was r e s t o r e d  t o  s e r v i c e .  G e n e r a t i n g  
p l a n t s  were n o t  a f f e c t e d .  Customer o u t a g e s  were  caused by d i s t r i b u t i o n  c i r c u i t  damage. 
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1. 
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6. 

7. 

8. 

9. 

10. 

Abstract of testimony by Elizabeth Anne Moler, Chair, Federal Energy 
Regulatory Commission, before the Subcommittee on Energy and Power, 
U.S. House of Representatives, February 9,1994 
Fact Sheet given by DFSC to PO-93 representative. 
Interstate Natural Gas Pipeline Performance During The Cold Snap Of 
January 1994. Rate and Policy Analysis Department Background Report No. 
94-1, March 1994, Interstate Natural Gas Association Of America (INGAA). 
Fact Sheet On Natural Gas Industry Actions January 1994. Issue Brief 1994- 
2, February 4,1994, Policy, Analysis & International Affairs Group, Ameri- 
can Gas Association (AGA). 
Letter from the Canadian Embassy to the U.S., addressed to Dennis K. 
Taillie, Director, Office of Emergency Planning, and signed by Margaret 
Martin, Energy Counsellor, and Guy Saint- Jacques, Energy Counsellor, 
dated May 4,1994. The letter discusses how Canadian resources contrib- 
uted to meeting the January 1994 energy crisis in the U.S. in terms of the 
electric, natural gas, and oil industries. 
The Critical Role Of The Iroquois Pipeline In Providing For The Energy 
Needs Of The Northeast During The Big Freeze, Iroquois Gas Transmission 
System. Received at DOE by fax on February 15,1994. 
Testimony of Brian T. Castelli, Executive Director, Pennsylvania Energy 
Office, before the House Consumer Affairs Committee, February 14,1994. 
Chronology of events and responses by staff of the DOE Office of Emer- 
gency Management (NN-63) to the deteriorating weather and energy 
supply situation facing the Eastern portion of the U.S. from January 13 
through 31. Signed by David L. McColloch, Acting Director, Domestic 
Operations Division, February 1,1994. 
Testimony before The Public Service Commission of the District of Colum- 
bia in Formal Case No. 936, In the Matter of the Investigation of Potomac 
Electric Power Company Regarding Interruptions of Electric Energy Service and 
Washington Gas Light Company , District of Columbia Division, Regarding Its 
Responses to the Energy Crises OfJanuary 29-20,1994, report and testimony, 
Exhibit WG (A)-Witness Hollewa; supporting exhibits WG(A)-1 through 
WG (A)-5-Witness Hollewa. 
Testimony before the Public Service Commission of the District of Columbia 
in Formal Case No. 936, In the Matter ofthe Investigation of Potornac Electric 
Power Company Regarding Interruptions of Electric Energy Service and Washing- 
ton Gas Light Company, District of Columbia Division, Regarding Its Responses to 
the Energy Crisis ofJanuary 29-20,2994,, Volume I of IV: Direct Testimony and 
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APPENDIX F. SOURCES OF INFORMATION 

Exhibits of Company Witnesses Dragoumis, Felton, and Johnson, April 4, 
1994. 

11. Interviews with PJM, APS, and Virginia Power operating staff. 
12. Interview with Virginia Association of Non-Utility Generators. 
13. Interviews with State Emergency Management, Energy Office, and Regula- 

tor Agency Staff members in Delaware, New Jersey, Maryland, Pennsylva- 
nia, and Virginia. 

District of Columbia. 
14. Interview with Energy Office and Public Utilities Commission Staff for 

15. Interview with Staff of APPA, NRECA, EEI, and AGA. 
16. Interviews with U.S. Department of Transportation, U.S. Environmental 

Protection Agency, U.S. General Services Administration, U.S. Office of 
Personnel Management, U.S. Internal Revenue Service, and Defense Fuel 
Supply Center Staff representatives. 

17. Responses of Allegheny Power System, Virginia Power, the PJM Intercon- 
nection, the Pennsylvania Power and Light Company, PECO Energy, Inc., 
the Virginia Power Company, the Public Service Electric and Gas Company, 
the Baltimore Gas and Electric Company, the Potomac Electric Power 
Company, and Baltimore Gas and Electric Company to questionnaires sent 
by the Department of Energy. 

18. Responses of the Department of Transportation and the General Services 
Administration to questionnaires sent by the Department of Energy 

19. Fact Sheet, “The Winter of 1994,” Defense Fuel Supply Center. 
20. Pennsylvania Public Utility Commission staff report. 
21. Virginia State Corporation Commission staff report, ”Virginia Electric and 

Power Company’s January 19,1994, Rotating Blackouts,” September 27, 
1994. 
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National Power Survey (2 Volumes), Federal Power Commission, 1964. 
The 2970 National Power Survey (4 Volumes), Federal Power Commission, 
1971. 
Contingency Planning For Elecfric Utilities: The Summa y Of A Conference And 
A Data Colfecfion Efort, The National Regulatory Research Institute, 1979. 
Analysis of 12 Electric Power System OutagesDisturbances Impacting the Florida 
Peninsula, U.S. Department of Energy., December 1980 (DOE/RG/06539-1). 
Analysis of Storm Related Outages t3 Restoration Measures, Washington, D.C. 
Metropolitan Area, U.S. Department of Energy, December 1981 (DOE/RG/ 

Prevention Of Power Failures (3 Volumes), report to the President by the 
Federal Power Commission, July 1967. 
Load Forecasting And Capacity Planning: Current Availability And Usage, The 
National Regulatory Research Institute, 1979. 
Electric Utility System Operator Selection and Training, U.S. Department of 
Energy, June 1981 (DOE/EP-0017). 
Survey of the Voltage Collapse Phenomenon, North American Electric Reliabil- 
ity Council, August 1991. 
1992 System Disturbances, North American Electric Reliability Council, 
October 1993. 

06674-T2). 

Power System Restoration-The Second Task Force Report: Transactions on 
Power Systems, Institute of Electrical and Electronics Engineers, November 

Unplanned Electric Shutdowns: Allocating The Burden, the National Regulatory 
Research Institute, December 1980. 
Power Pooling In the United States, Federal Energy Regulatory Commission, 
December 1981 (FERC-0049). 
Power Pooling: Issues and Approaches, U.S. Department of Energy., January 

1987, pp. 927-33. 

1980 (DOE /ERA/ 6385-1). 
Workshop Proceedings: Transmission Planning, Electric Power Research 
Institute, December 1981 (EPIU EL-2190). The following papers in this 
report are pertinent The Use of Reliability and Contingency Analysis 
Program in Transmission Planning, N.D. Reppen, pp. 8-1 through 8-15; 
Experiences With Applications of a Transmission Planning Program, L.L. 
Gamer, pp. 9-1 through 9-15. 
Power System Emergency Reporting Procedures, U.S. Department of Energy, 
August 1992 
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