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. Introduction

The southwest region of the United States experienced unusually cold and
windy weather during the first week of February 2011. Lows during the period
were in the teens for five consecutive mornings and there were many sustained
hours of below freezing temperatures throughout Texas and in New Mexico. Low
temperatures in Albuguerque, New Mexico ranged from 7 degrees Fahrenheit to -7
degrees over the period, compared to an average high of 51 degrees and a low of
26 degrees. Dallas temperatures ranged from 14 degrees to 19 degrees, compared
to an average high of 60 degrees or above and average lows in the mid-to-upper
30s. Many cities in the region would not see temperatures above freezing until
February 4. In addition, sustained high winds of over 20 mph produced severe
wind chill factors.

Electric entities located within the Texas Reliability Entity, Inc. (TRE), the
Western Electricity Coordinating Council (WECC), and the Southwest Power Pool
(SPP) were affected by the extreme weather, as were gas entities in Texas, New
Mexico and Arizona.

Between February 1 and February 4, a total of 210 individual generating
units within the footprint of the Electric Reliability Council of Texas, Inc.
(ERCOT), which covers most of Texas, experienced either an outage, a derate, or
a failure to start. The loss of generation was severe enough on February 2 to
trigger a controlled load shed of 4000 MW, which affected some 3.2 million
customers. On February 3, local transmission constraints coupled with the loss of
local generation triggered load shedding for another 180,000 customers in the Rio
Grande Valley in south Texas. El Paso Electric Company (EPE), which is outside
the ERCOT region, lost approximately 646 MW of local generation over the four
days beginning on February 1. It implemented rotating load sheds on each of the
days from February 2 through February 4, totaling over 1000 MW and affecting
253,000 customers. The Salt River Project Agricultural Improvement and Power
District (SRP), located in Arizona, lost 1050 MW of generation on February 1
through February 2 and shed load of 300 MW, affecting approximately 65,000
customers. The New Mexico communities of Alamogordo, Ruidoso, and Clayton
lost approximately 26 MW of load, affecting a little over 21,000 customers, when
Public Service Company of New Mexico (PNM) experienced localized
transmission failures, although these were largely unrelated to the extreme
weather.

In total, approximately 1.3 million electric customers were out of service at

the peak of the event on February 2, and a total of 4.4 million were affected over
the course of the event from February 2 through February 4.
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Natural gas customers also experienced extensive curtailments of service
during the event. These curtailments were longer in duration than the electric
outages, because relighting customers’ equipment has to be accomplished
manually at each customer’s location. Local distribution companies (LDCs)
interrupted gas service to more than 50,000 customers in New Mexico, Arizona
and Texas; New Mexico was the hardest hit with outages of over 30,000
customers in areas as widespread as Hobbs, Ruidoso, Alamogordo, Silver City,
Tularosa, La Luz, Taos, Red River, Questa, Espafiola, Bernalillo and Placitas.

In the wake of these events, the Arizona Corporation Commission, the
Public Regulation Commission of New Mexico, the Public Utilities Commission
of Texas (PUCT), the Texas Railroad Commission (TRC), the New Mexico state
legislature and the Texas state legislature all initiated inquiries or investigations.
The PUCT directed TRE, the regional entity authorized by the North American
Electric Reliability Corporation (NERC) to cover the ERCOT region, to
investigate the decisions and actions ERCOT took in initiating the rolling
blackouts.

On February 7, 2011, NERC announced that it would work with the
affected Regional Entities to prepare an event analysis that would examine the
adequacy of preparations for the event and identify potential improvements and
lessons learned. NERC also stated it would review electric and natural gas
interdependencies, in light of the shift toward a greater reliance on natural gas to
produce electricity.

On February 14, the Federal Energy Regulatory Commission (FERC)
initiated an inquiry into the Southwest outages and service disruptions. The
inquiry had two objectives: to identify the causes of the disruptions, and to identify
any appropriate actions for preventing a recurrence of the disruptions. FERC
stated it was not at that time initiating an investigation into whether there may
have been violations of applicable regulations, requirements or standards under
FERC’s jurisdiction, and that any decisions on whether to initiate enforcement
investigations would be made later. Consequently, while this report describes
actions which in some cases appear to warrant further investigation, it does not
reach any conclusions as to whether violations have occurred.

From the beginning of their inquiries into the causes of the outages and
disruptions, the staffs of FERC and NERC have cooperated in their data gathering
and analysis. On May 9, FERC and NERC announced their staffs would create a
joint task force to combine their separate inquiries. This report is a product of that
effort.
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The inquiry performed by the joint task force was far-reaching. Noted
below in summary form are some of the steps taken by the task force to develop its
understanding of the electric and natural gas disruptions that were experienced in
the Southwest in early February.

Scope of Data Reviewed

The task force received approximately 54 GB of data through data requests
Issued to entities in both the electric and natural gas industries, conducted
numerous follow-up calls and meetings, and issued follow-up requests to discuss
questions raised by the data responses.

For the electric industry, the task force issued 122 data requests to
generator operators, transmission operators, balancing authorities, and a reliability
coordinator. The task force also utilized event analysis information which NERC
and the affected Regional Entities received from 79 registered entities (72 from
TRE, four from WECC and three from SPP). Additional event information was
received through a request for information issued by NERC and Regional Entities
to those entities affected by the extreme weather event. For the gas industry, the
task force issued 92 data requests to pipelines (interstate and intrastate), storage
facilities, gas processing plants, producers, and public utilities.

The data compiled by the task force focused on the causes of the outages
and curtailments during the February cold weather event, critical entities’
preparations for the forecasted cold weather and their performance in connection
with the rolling blackouts and natural gas curtailments, and any lessons learned
that could be applied in the future. As part of its analysis, the task force also
reviewed historical data and recommendations compiled during past cold weather
events in Texas and elsewhere in the Southwest, to determine whether the 2011
event was unprecedented or whether entities might have been better prepared to
deal with it.

Electric Facility Site Visits

Staff from FERC and NERC, together with representatives of TRE and
WECC, conducted site visits with various entities involved in the outages, toured
facilities and conducted interviews with operations personnel, compliance
personnel and company executives. The task force visited ERCOT, four
transmission operators in ERCOT, and 15 generators in ERCOT (including coal,
natural gas, and wind units); two generators in WECC; and two balancing
authorities in WECC. During the generator site visits the task force toured the
units, viewing any equipment that led to trips, derates, or failures to start; viewed
winterization measures; and discussed maintenance and winterization processes,
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fuel supply and market participation. During visits to the balancing authorities
and transmission operators, the task force toured control centers and discussed the
progression of the events, including specifics on load forecasting, market
mechanics, system operations, load shedding and load restoration. The task force
also discussed transmission system winterization and load shedding procedures
with the transmission operators.

Natural Gas Meetings

The task force conducted numerous meetings with various entities from the
gas industry to discuss the curtailments and shortages experienced in early
February and the specifics of the entities’ winter operations. These meetings
included operations and regulatory personnel from two interstate pipelines doing
business in Texas, New Mexico, Arizona, Colorado, and California; one
LDClintrastate pipeline located in New Mexico; one LDC from Arizona; and one
intrastate pipeline located in Texas. The meetings focused on the companies’
preparations for the storm, communications among LDCs, pipelines, marketers,
and producers about unfolding events, system operations, underlying causes of the
gas supply problems, and lessons learned. In most instances, interviews led to
supplemental data requests that provided additional information about the events.
The task force also held numerous telephone conferences with companies in the
pipeline, LDC, processing and production sectors, both to gather information and
to clarify information received in response to data requests.

Outreach Meetings

Task force staff conducted outreach meetings with the following industry
associations and groups: the Electric Power Supply Association, the American Gas
Association, the Independent Petroleum Association of America, the Texas
Pipeline Association, the Interstate Natural Gas Association of America, the
Natural Gas Supply Association, the Edison Electric Institute, the National Rural
Electric Cooperative Association, the American Public Power Association, and the
(ERO) Southwest Outage Advisory Panel. The task force shared its preliminary
findings and recommendations on a non-public basis with members of these
organizations in order to obtain feedback and, with respect to the
recommendations, input as to their practicality and feasibility. The feedback and
input provided by these organizations was considered and in a number of instances
reflected in the findings and recommendations included in this report.

Coordination with State Inquiries

The task force also reviewed materials acquired in the course of inquiries
into the event conducted by legislative bodies and regulatory commissions. The
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task force followed legislative and regulatory hearings in Arizona, New Mexico
and Texas and reviewed transcripts, testimony and webcasts from the proceedings.

Through contacts with state regulatory agencies, staff was able to review
responses to data requests issued by those bodies to ensure that the task force was
in possession of all potentially relevant materials. Task force staff also monitored
legislative efforts taken in response to the February outage, including conferring
with sponsors of pertinent legislation concerning, among other things, the
anticipated impacts of their proposals. The task force tracked the bills throughout
the legislative process. In addition, as regulatory agencies moved forward with
their inquiries into the outage, task force staff reviewed draft and final copies of all
relevant reports.

The task force also collaborated with ERCOT’s Independent Market
Monitor (IMM), which conducted an inquiry into potential market manipulation
during the event at the request of the PUCT. Task force staff conducted calls with
the IMM to discuss market conditions and reviewed its written assessment of the
market impacts from the event. The task force also contacted the TRC regarding
gas curtailment matters, submitted written questions about the TRC’s activities in
connection with the event, and reviewed all information the TRC collected
concerning the event.

To assist in its analysis of the materials received, the task force
commissioned one outside consultant’s study to examine impacts of the cold
weather event on gas production, reviewed studies conducted on behalf of
regulatory and other bodies, and prepared extensive in-house studies by staff
analysts.

This report documents the information received by the task force and
presents the task force’s conclusions as to the causes of the electric outages and
natural gas curtailments that occurred during the February 2011 event. Itis
divided into several sections, beginning with an overview of the electric and
natural gas industries that provides background for the event, discusses the event
itself and prior cold weather events in the region, and ends with a summary of key
findings and recommendations. Also included are a list of acronyms, a glossary,
and a number of appendices which treat in fuller detail many of the matters
mentioned in the body of the report.
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1. Executive Summary

The arctic cold front that descended on the Southwest during the first week
of February 2011 was unusually severe in terms of temperature, wind, and
duration of the event. In many cities in the Southwest, temperatures remained
below freezing for four days, and winds gusted in places to 30 mph or more. The
geographic area hit was also extensive, complicating efforts to obtain power and
natural gas from neighboring regions.

The storm, however, was not without precedent. There were prior severe
cold weather events in the Southwest in 1983, 1989, 2003, 2006, 2008, and 2010.
The worst of these was in 1989, the prior event most comparable to 2011. That
year marked the first time ERCOT resorted to system-wide rolling blackouts to
prevent more widespread customer outages. In all of those prior years, the natural
gas delivery system experienced production declines; however, curtailments to
natural gas customers in the region were essentially limited to the years 1989 and
2003.

Electric

Going into the February 2011 storm, neither ERCOT nor the other electric
entities that initiated rolling blackouts during the event expected to have a problem
meeting customer demand. They all had adequate reserve margins, based on
anticipated generator availability. But those reserves proved insufficient for the
extraordinary amount of capacity that was lost during the event from trips, derates,
and failures to start.

In the case of ERCOT, where rolling blackouts affected the largest number
of customers (3.2 million), there were 3100 MW of responsive reserves available
on the first day of the event, compared to a minimum requirement of 2300 MW.
But over the course of that day and the next, a total of 193 ERCOT generating
units failed or were derated, representing a cumulative loss of 29,729 MW.
Combining forced outages with scheduled outages, approximately one-third of the
total ERCOT fleet was unavailable at the lowest point of the event. These
extensive generator failures overwhelmed ERCOT’s reserves, which eventually
dropped below the level of safe operation. Had ERCOT not acted promptly to
shed load, it would very likely have suffered widespread, uncontrolled blackouts
throughout the entire ERCOT Interconnection.

ERCOT also experienced generator outages in the Rio Grande Valley on
February 3, again due to the cold weather. This area is transmission constrained,
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and the loss of local generation led to voltage concerns that necessitated localized
load shedding.

Spot prices in ERCOT hit the $3,000 per MWh cap on February 2, the
worst day of the event. Given the high demand and the huge loss of generation,
this was not a surprising development. In fact, very high prices are an expected
response to scarcity conditions, one that is built into ERCOT’s energy-only
market. ERCOT’s IMM reviewed market performance during the event and found
no evidence of market manipulation.

EPE and SRP likewise suffered numerous generator outages, necessitating
load shed of 1023 MW in EPE’s case, and 300 MW in SRP’s case. As with
ERCOT, many of these generators failed because of weather-related reasons.

A number of entities within SPP also experienced outages during the event.
In their case, however, load shedding was not required, principally because the
utilities were able to purchase emergency energy from other SPP members. One
other utility in the Southwest, PNM, experienced blackouts, but these were
localized and the result of transmission outages that were mostly unrelated to the
weather.

The actions of the entities in calling for and carrying out the rolling
blackouts were largely effective and timely. However, the massive amount of
generator failures that were experienced raises the question whether it would have
been helpful to increase reserve levels going into the event. This action would
have brought more units online earlier, might have prevented some of the freezing
problems the generators experienced, and could have exposed operational
problems in time to implement corrections before the units were needed to meet
customer demand.

The February event underscores the need to have sufficient black start units
available, particularly in the face of an anticipated severe weather event. In
ERCOT’s case, for instance, nearly half of its black start units were either on
scheduled outage at the time of the event or failed during the event itself,
jeopardizing the utility’s ability to promptly restore the system had an
uncontrolled, ERCOT-wide blackout occurred.

The majority of the problems experienced by the many generators that
tripped, suffered derates, or failed to start during the event were attributable, either
directly or indirectly, to the cold weather itself. For the Southwest as a whole, 67
percent of the generator failures (by MWh) were due directly to weather-related
causes, including frozen sensing lines, frozen equipment, frozen water lines,
frozen valves, blade icing, low temperature cutoff limits, and the like. At least
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another 12 percent were indirectly attributable to the weather (occasioned by
natural gas curtailments to gas-fired generators and difficulties in fuel switching).

Low temperatures returned to the region on February 10. In fact, ERCOT
set a new winter peak that day. But no load shedding proved necessary, largely
because the temperatures were not quite as cold or sustained as those of the
previous week, the winds were less severe, and many of the repairs and protective
measures taken by the generators on February 2 remained in place.

Natural Gas

Problems on the natural gas side largely resulted from production declines
in the five basins serving the Southwest. For the period February 1 through
February 5, an estimated 14.8 Bcf of production was lost. These declines
propagated downstream through the rest of the gas delivery chain, ultimately
resulting in natural gas curtailments to more than 50,000 customers in New
Mexico, Arizona, and Texas.

The production losses stemmed principally from three things: freeze-offs,
icy roads, and rolling electric blackouts or customer curtailments. Freeze-offs
occurred when the small amount of water produced alongside the natural gas
crystallized or froze, completely blocking off the gas flow and shutting down the
well. Freeze-offs routinely occur in very cold weather, and affected at least some
of these basins in all of the six recent cold weather events in the Southwest with
the possible exception of 1983, for which adequate records are not available.
During the February event, icy roads prevented maintenance personnel and
equipment from reaching the wells and hauling off produced water which, if left in
holding tanks at the wellhead, causes the wells to shut down automatically. The
ERCOT blackouts or customer curtailments affected primarily the Permian and
Fort Worth Basins and caused or contributed to 29 percent (Permian) and 27
percent (Fort Worth) of the production outages, principally as a result of shutting
down electric pumping units or compressors on gathering lines.

Processing plants suffered some mechanical failures, although most of their
shortfalls resulted from problems upstream at the wellhead. The production
declines, coupled with increased customer demand, reduced gas volume and
pressure in the pipelines and in those limited storage facilities serving the
Southwest. These entities in turn were unable in some instances to deliver
adequate gas supplies to LDCs.

When LDCs suffer declines in gas pressure on their systems, they must

reduce the amount of gas being consumed to prevent pressures from falling so low
that their entire systems might fail. As a result of the high gas demand and the
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falling pressures on their systems, four LDCs in New Mexico, Arizona and Texas
were forced to curtail retail service or were unable to supply gas to all customers.
These curtailments or outages affected more than 50,000 customers in those states,
including the cities of El Paso in Texas; Tucson and Sierra Vista in Arizona; and
Hobbs, Ruidoso, Alamogordo, Silver City, Tularosa, La Luz, Taos, Red River,
Questa, Espariola, Bernalillo, and Placitas in New Mexico. In contrast to the
relative ease of restoring electric service, restoration of gas service was
complicated by the necessity to have LDC crews manually shut off gas meters and
then relight pilot lights on site.

Winterization

Generators and natural gas producers suffered severe losses of capacity
despite having received accurate forecasts of the storm. Entities in both categories
report having winterization procedures in place. However, the poor performance
of many of these generating units and wells suggests that these procedures were
either inadequate or were not adequately followed.

The experiences of 1989 are instructive, particularly on the electric side. In
that year, as in 2011, cold weather caused many generators to trip, derate, or fail to
start. The PUCT investigated the occurrence and issued a number of
recommendations aimed at improving winterization on the part of the generators.
These recommendations were not mandatory, and over the course of time
implementation lapsed. Many of the generators that experienced outages in 1989
failed again in 2011.

On the gas side, producers experienced production declines in all of the
recent prior cold weather events. While these declines rarely led to any significant
curtailments, electric generators in 2003 did experience, as a result of gas
shortages, widespread derates and in some cases outright unit failure. It is
reasonable to assume from this pattern that the level of winterization put in place
by producers is not capable of withstanding unusually cold temperatures.

While extreme cold weather events are obviously not as common in the
Southwest as elsewhere, they do occur every few years. And when they do, the
cost in terms of dollars and human hardship is considerable. The question of what
to do about it is not an easy one to answer, as all preventative measures entail
some cost. However, in many cases, the needed fixes would not be unduly
expensive. Indeed, many utilities have already undertaken improvements in light
of their experiences during the February event. This report makes a number of
recommendations that the task force believes are both reasonable economically
and which would substantially reduce the risk of blackouts and natural gas
curtailments during the next extreme cold weather event that hits the Southwest.
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Electric and Gas Interdependency

The report also addresses the interdependency of the electric and natural
gas industries. Utilities are becoming increasingly reliant on gas-fired generation,
in large part because shale production has dramatically reduced the cost of gas.
Likewise, compressors used in the gas industry are more likely than in the past to
be powered with electricity, rather than gas. As a result, deficiencies in the supply
of either electricity or natural gas affect not only consumers of that commaodity,
but of the other commodity as well.

Gas shortages were not a significant cause of the electric generator outages
experienced during the February 2011 event, nor were rolling blackouts a primary
cause of the production declines at the wellhead. Both, however, contributed to
the problem, and in the case of natural gas shortfalls in the Permian and Fort
Worth Basins, approximately a quarter of the decline was attributed to rolling
blackouts or customer curtailments affecting producers.

The report explores some of the issues relating to the effects of shortages of
one commodity on the other, including the question of whether gas production and
processing facilities should be deemed “human needs” customers and thus
exempted or given special consideration for purposes of electric load shedding.
However, any resolution of the many issues arising from electric and natural gas
interdependency must be informed by an examination of more than one cold
weather event in one part of the country. For that reason, the report does not offer
specific recommendations in this area, but urges regulatory and industry bodies to
explore solutions to the many interdependency problems which are likely to
remain of concern in the future.
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1. The Electric and Natural Gas Industries

Electricity and natural gas are two of the most essential commodities for the
conduct of modern life. However, the industries that produce electricity and
natural gas and deliver these commodities from their points of production to
consumers differ greatly from one another, as do the regulatory schemes
governing them. This section provides an overview of the electric and natural gas
industries, their market structures, and the regulatory authorities under which they
operate, focusing particularly on the southwest region of the country. This
background will be useful in understanding the causes of the outages and
curtailments experienced during the first week of February 2011, the actions taken
by the entities affected, and the recommendations the task force is suggesting to
prevent a recurrence of the widespread service disruptions.

A. The Electric Industry

This subsection describes the structures under which electricity is generated
and transmitted, the regulation of electric service providers, and the characteristics
of the electricity markets found in the Southwest. A more detailed description of
how electricity is produced, transmitted and delivered can be found in the
appendix entitled “Electricity: How it is Generated and Distributed.”

Overview of Electric Power Production and Delivery

The electric power industry is comprised of three separate functions:
generation, transmission, and distribution. These are depicted in the figure below.

Electric Industry Functions

Generation of Transmission Distribution
electricity

Source: EIA

Most of the power produced in the United States uses coal, natural gas, or
nuclear fission as the energy source to produce steam or other hot combustion gas
that turns a turbine and thereby creates electricity. The figure below shows the
fuel source percentages for electricity produced in the US in 2009, with the
majority of electricity coming from fossil fuels (coal and natural gas totaling a 68
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Registry that identifies all entities subject to compliance with the approved
Reliability Standards. Users, owners and operators of the bulk power system are
required to register with NERC under the appropriate functional categories, and
each Reliability Standard designates each category of entity to which it applies.
Currently, there are over 1900 registered entities subject to the Reliability
Standards (a number of entities are counted more than once as they are registered
under more than one category). The categories of registered entities are set out in
the appendix entitled “Categories of NERC Registered Entities.”

Registered entities are required to report the occurrence of defined bulk
power system disturbances and unusual occurrences to the appropriate Regional
Entity and to NERC. The Regional Entity and/or NERC in turn undertakes
various levels of analysis to determine the causes of the events, assure tracking of
corrective actions to prevent recurrence, gather information needed to assess
compliance, and provide lessons learned to the industry. The event analysis
process also provides input for training and education, reliability trend analysis
efforts and Reliability Standards development, all of which support continued
reliability improvement. Under NERC’s field trial of its event analysis program,
the February 2 and February 3 event was classified as a category 4 event due to the
overall significance and impact of the event (loss of over 5,000 MW but less than
10,000 MW of load or generation). Based on the scope of the needed analysis,
and the fact that it impacted multiple regions, NERC determined that the event
review should be coordinated at the NERC level.

Southwest Electricity Markets, Pools and Reserve Sharing Groups

The Southwest contains two ISO/RTOs (ERCOT and SPP), and a number
of vertically integrated utilities that are located within the WECC region. These
are described below.

ERCOT

The Electric Reliability Council of Texas (ERCOT) is an ISO that covers
approximately seventy-five percent of the landmass within Texas, excluding the El
Paso area, part of the northern panhandle, and part of the region east of Houston.
ERCOT manages access to the transmission system within its footprint and
operates the Texas energy and ancillary services markets (it does not have a
capacity market).
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Gas Storage Facilities

e Depleted reservoirs consist of porous and permeable underground
formations (average of 1,000 to 5,000 feet deep). The gas is divided into
two categories, working or top gas, which can be withdrawn, and cushion
or base gas, needed as permanent inventory to maintain adequate reservoir
pressure and deliverability rates. Gas is generally withdrawn in the winter
heating season and injected during the summer, although the demand for
gas in summer months is increasing due to an increase in gas-fired
generating plants. This type of storage facility can be used for both system
supply and peak day demand.

e Agquifer storage fields are bounded partly or completely by water-bearing
rocks. They have a high cushion gas requirement, generally between 50 to
80 percent. They also have high deliverability rates and, similar to depleted
reservoirs, gas is generally withdrawn in the winter season and injected in
the summer season.

e Salt cavern facilities use solution mining to recover minerals in
underground salt deposits (salt domes or salt formations). Salt caverns
usually operate with only about 20 to 30 percent cushion gas. Working gas
can be recycled multiple times per year. Salt cavern storage has high
deliverability and injection capabilities and is used for short peak day
deliveries. Salt caverns are more expensive to construct due to the
increased capital cost associated with leaching and mining the salt.
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Texas Intrastate Pipelines

Source: Energy Information Administration

New Mexico and Arizona are supplied largely by two interstate
transmission pipelines, Transwestern Pipeline Company, LLC (Transwestern) and
El Paso Natural Gas Company (El Paso). These pipelines transport natural gas
primarily from the San Juan and Permian Basins to the western regions of the
United States. (The many other interstate pipelines that operate in Texas tend to
transport gas to the Midwest and Northeast.)

A brief description of these two interstate pipeline systems follows.

El Paso owns a transmission delivery system consisting of approximately
10,200 miles of pipeline. It is a complex, highly networked pipeline system with
many laterals and interconnections, operating at a variety of flows and pressures.
It includes 62 compressor stations and more than 700 meter sites where gas is
delivered. It has 53 delivery meters to New Mexico Gas Company (NMGC), 216
meters to Southwest Gas Corporation (Southwest Gas), and 28 meters to Texas
Gas Service. The system also includes the Washington Ranch Storage Field, one
of the two storage facilities in the area between west Texas and the Arizona-
California border.
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El Paso Natural Gas System Overview

EPNG
= Approx. 10,200 Miles of Interstate Pipeline

= Complex system with many laterals,
reticulated flow, various pressures

= Not a simple, long-line pipeline
= 62 Compressor Stations with 248 Units

= >700 Meter Sites where gas is received into
or delivered out of the pipeline to customers

. * Washington Ranch Storage
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Brownsville escaping severe conditions (with average temperatures of about 35
degrees). Significant winds accompanied the frigid temperatures, with wind chill
factors dropping the perceived temperatures to -6 degrees in Dallas and 6 degrees
in Austin.

7

Avg. Temp. Deviation on Feb 2, 2011

Map generated by

MDA

EarthSat Dy"aCAST Feb-02 through Feb—02
Mean Temperature Departure from Normal

[ -5 CONSTECE)  5  0 < A R BT

Source: MDA EarthSat

On Thursday, February 3, weather conditions began to marginally improve
in some areas, although in Albuquerque and El Paso it would rank as the coldest
day in 38 years. Albuqguerque, Midland and EI Paso were still experiencing highs
near 15 to 20 degrees, but the winds had begun to diminish. From Dallas to San
Antonio, temperatures moderated about 5 to 10 degrees, but wind speeds remained
high.

On Friday, February 4, conditions improved across the region.
Temperatures in the western cities finally rose above freezing, and in a few of the
eastern-most cities rose above 40 degrees. Nonetheless, during the early morning
hours, El Paso hit a low of 3 degrees before reaching a high of 37 degrees, ranking
the day as the city’s second coldest in 38 years. Four to six inches of snow fell in
the Dallas Metropolitan area, causing cancellation of more than 300 flights at
Dallas airports just as fans were arriving for the Super Bowl.

Cold weather hit the region again on February 9 and February 10. The
coldest temperatures were seen on February 9, when El Paso recorded a low of -2
degrees, and Midland a low of 7 degrees. Daily highs, however, were in the 30s
and 40s. Other cities saw lows dip into the 20s and teens, with high temperatures
rising into the 40s and 50s.

There is no question that the cold and windy weather during this first week
of February was both sustained and severe. Just how severe, when compared to
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formal checklist of activities that should be carried out prior to a winter storm, and
the company reported that the Operations and Maintenance Group at the Navajo
Generating Station did not take any formal actions to prepare the station for the
anticipated severe weather. However, SRP informed the task force that the group
did hold meetings at which the need for staff to frequently check the generating
equipment for potential weather-related problems was emphasized.

El Paso Electric

Like SRP, EPE is a vertically integrated utility. It reported to the task force
that at the beginning of the winter of 2010/2011, as at the beginning of every
winter, it took steps to winterize its generating facilities. This winterization
included verifying that heat tracing was properly functioning, as well as making
sure insulation was properly installed.

EPE also reported that it verified that the equipment in its substations, the
part of the transmission and distribution system most susceptible to cold
temperature extremes, could withstand the expected cold temperatures.

On January 31, 2011, EPE initiated preparations for the anticipated severe
weather, which included verifying winterization of generation, transmission and
distribution facilities, reviewing system operations plans, checking on the
availability of fuel, preparing for potential pipeline constraints, and placing
employees on call as needed during the weather event. The Systems Operations
group requested EPE’s Power Marketing and Fuels group to keep additional
generation online. In response, the Power Marketing and Fuels group made
arrangements to leave on Rio Grande Unit 6, to continue with the start-up of
Newman Units GT-3 and GT-4, and verified the ability of Newman Unit 3 to
operate on fuel oil.

In contrast to some other areas in the region, EPE reported that actual
weather during the event was more severe than forecasted (and significantly colder
than historical temperatures). For February 2, EPE reported that the actual high
temperature in EI Paso was 15 degrees compared to a forecasted high of 37
degrees, and the actual low temperature was 6 degrees compared to a forecasted
low of 14 degrees. The forecasted high for February 3 was 30 degrees, compared
to an actual high of 18 degrees, and the forecasted low was 14 degrees, compared
to an actual low of 1 degree. For February 4, the last day of the freeze event in
EPE’s service territory, the forecasted high of 43 degrees compared to an actual
high of 37 degrees, and a forecasted low of 21 degrees compared to an actual low
of 3 degrees. EPE did not report the exact location for its temperature statistics,
but presumably they occurred in the west Texas and New Mexico regions.
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A short description of some of these techniques gives a fuller picture of the

actions the producers reported having taken:

Methanol (an anti-freeze type solution) injection or drip is a
common practice for freeze protection of wellbores and pipelines.
The methanol is injected into the gas stream by chemical injection
pumps or enters the pipeline by methanol drips and effectively

lowers the freeze point of the gas. Also, separators (used to separate

liquids such as oil from the natural gas) may be filled with heated
antifreeze to prevent freezing.
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e Pigging refers to the practice of using pipeline inspection gauges or
“pigs” inside a pipeline to perform various operations without
stopping the flow of gas. Pigging operations are conducted on a
year-round basis as needed to keep pipelines in working flow
conditions. During cold weather their deployment can be increased
to remove liquids that might be prone to freezing.

e Cold weather barriers are a relatively simple weather precaution
involving the erection of wind walls around certain compressors to
block cold winds that exacerbate freezing conditions. Wrapping and
insulating surface equipment, injection lines, supply valves, water
lines and other locations may also help prevent freezing and the
stoppage of fluid flow.

e Hauling oil and produced water from storage tanks is a necessary
part of the production process, since tanks that are not emptied can
trigger fail safe shut-in devices that will automatically shut down the
well. Prior to cold weather, and in anticipation of trucks not being
able to reach the facilities, the tanks may be emptied to reduce the
likelihood of automatic shut-off.

e Heat can prevent freezing problems; if the gas is never allowed to
reach freezing temperatures, ice cannot form. However, heat
application involves expensive equipment and requires additional
fuel. Heat is also a potential hazard as it can provide an ignition
point for the gas. Nonetheless, heat systems can be very effective
for a localized freezing problem, and include heating blankets,
catalytic heaters, fuel line heaters, or steam systems. Coupling heat
systems with insulation is a common technique for protecting flow
lines in northern climates.

e Hot oil trucks may be utilized to thaw out flow lines. Typically the
hot oil truck will be filled with water, which is then heated and
directly sprayed onto lines at risk of freezing.

As it turned out, the various measures producers described as having
employed to prepare for the projected cold weather proved inadequate; a
substantial number of wells in the affected basins suffered freeze-offs, which had a
significant effect on production during the February cold weather event.
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MarkWest Energy Partners has two processing plants in Texas. The
company reported that both processing facilities are equipped to run during
extreme cold weather and that no additional maintenance, insulation or heat
tracing was performed prior to the February cold weather event.

Williams Midstream has four processing facilities, the Markham Cryogenic
processing plant in Matagorda County, Texas; the Milagro treating plant in San
Juan County, New Mexico; the William FS Kutz (Kutz) processing plant in San
Juan County, New Mexico; and the Lybrook processing plant in Rio Arriba
County, New Mexico. The company reported that the Milagro plant and related
facilities are designed to operate in cold weather. Nevertheless, it is standard
practice at the plant to check heat tracing controls and piping insulation in the fall
months. For the February event, preparations consisted of round-the-clock
staffing for certain facilities and adding staffing for the night crew. Standard
winter preparation at the Kutz plant reportedly includes coordination with
upstream gathering, draining of water cooling systems, placing catalytic heaters
Into service, installation of wind barriers and group review of past events. In
January and February 2011, additional contractor personnel were provided for
night operations and additional heat wagons were placed based on needs. The
Lybrook plant had also addressed winter preparation prior to 2011 by upgrading
and inspecting piping, tracing, and insulation, and by making repairs to hot oil
pumps.

Pipelines

Pipelines also prepared for the anticipated cold snap. Typical preparations
for both interstate and most intrastate pipelines included:

e Maintaining higher than normal line pack;

e Optimizing compressor operations;

e Enhancing internal communication such as cold weather operational
meetings;

e Increasing availability of personnel;

e Cancelling scheduled maintenance where possible; and

e Communicating with customers.

Interstate Pipelines
Individual interstate pipelines reportedly took the following preparations:

EL Paso prepared for the forecasted colder weather by maintaining higher
than normal line pack throughout the weekend of January 29 and January 30. (El
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Paso considers line pack volumes between 7,200 MMcf and 7,800 MMcf at any
given point in time to be in the normal range; at line pack quantities below 7,200
MMcf or above 7,900 MMcf, El Paso generally considers its system to be at or
approaching stressed operational conditions.) On Monday afternoon, January 31,
El Paso began gas withdrawals from its Washington Ranch Storage Facility,
reaching the field’s maximum withdrawal rate by the morning of February 1. This
was done to compensate for gas supply underperformance in the San Juan and
Permian Basins.

Natural Gas Pipeline Company of America (NGPL) uses its Texas facilities
to receive gas in Texas and redeliver that gas to markets in the upper Midwest.
For February 1 through February 3, NGPL put in place a severe weather operating
procedure that provided for management of cold, high winds, ice and snow. This
procedure included conferences and communications involving the managers of
the gas control and commercial groups of impacted NGPL facilities. Additional
actions reportedly taken by the gas control group included adjusting pipeline
pressures to meet anticipated load increases, manning facilities on an around-the-
clock basis, and carrying out operating procedures designed to keep facilities from
freezing.

Transwestern began operating its compression stations to maximize
pressures in New Mexico in advance of the cold weather event.

ANR Pipeline Company (ANR) has no facilities in New Mexico, Arizona
or California, and only limited facilities in Texas, which are located in the
northeast corner of the Texas panhandle (this is the southern-most part of ANR’s
Southwest Area). To prepare for and respond to operating concerns and ongoing
and expected weather events, ANR conducted daily morning operations meetings.
An additional “cold weather” operational meeting specifically addressed the week
of February 1. ANR reported reduced horsepower at all its Southwest Mainline
compressor stations to help flow gas south into the Texas area if scheduled supply
decreased, with the aim of maintaining adequate line pack and constant pressures
in Texas and Oklahoma.

Intrastate Pipelines

Intrastate pipelines in general employed many of the same preparations as
did the interstate pipelines. Reported examples are provided below.

Atmos Pipeline —Texas began building line pack on January 31, and

advised shippers to be in hourly and daily balance effective 9:00 AM on February
1. This action assisted with maintaining line pack. Electric generation customers

- 69 -






FERC/NERC Staff Report on the 2011 Southwest Cold Weather Event

storm, at 9:00 AM on February 2, NMGC began requesting that large industrial
and commercial customers throughout the state voluntarily reduce or curtail their
gas usage. In total, NMGC reported contacting 39 customers, asking for voluntary
curtailment.

The following is a chart of NMGC’s line pack, juxtaposed with its
preparation events.

New Mexico Gas Line Pack

100
Sunday 30th Monday 31st Tuesday 1st  Wednesday 2nd  Thursday 3rd Friday 4th

Begin Restoring
Customers

9:00 pm
Supply
3 Shortfall

Begin Over-buys 9:00 am Voluntary
Curtailment

20 5 10:34 am System Balanced

Source: New Mexico Gas Company

Southwest Gas monitored current weather forecasts on January 30 and
January 31, which indicated colder temperatures were expected for southern
Arizona. On February 1, a scheduled meeting of engineering and technical
services personnel was expanded to include discussions concerning cold weather
preparations and system monitoring.

Zia Natural Gas Company (Zia), after observing the dramatically dropping
temperatures forecasted for February 1 through February 4 for the state of New
Mexico, contacted its primary supplier on January 30 to discuss its supply and
receipt options. On February 1, Zia discussed maximum volumes that could be
nominated on its pipeline transportation contract.
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Gross Cumulative Scheduled and Forced
Generation Outages and Derates, Feb 1-2
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The task force has also prepared charts for February 1 and February 2 that
depict, hour by hour, the MWs that failed and the MWs that were restored, both by
fuel type and by type of failure (trip, derate, or failure to start). These charts give
a running picture of the fluctuations in available capacity, by fuel type, at any
given point in time throughout the event.
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Capacity Fluctuations by Fuel Type on Feb. 1, 2011
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The various reasons for the outages, derates and failures to start that
occurred during the event (the majority of which were weather-related, either
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directly or indirectly) are discussed in the following section of this report entitled
“Causes of the Outages and Supply Disruptions.”

Adjusted Wind Power Capacity

The capacity of a wind power installation is typically reported on a “nameplate”
basis, with the nameplate value representing what the facility can produce when
the actual wind speed is optimum for the particular turbine design. When a wind
farm is offline on a scheduled or forced outage, the capacity unavailable to the
system is also typically reported on a nameplate basis; the same is true for partial
outages, which are reported as derates (collectively, nameplate outage value).

The actual wind speed, however, is seldom sufficient to produce full nameplate
output simultaneously throughout ERCOT. Therefore, the nameplate outage
values must be adjusted downward to realistically represent the impact of outages
and derates of individual wind facilities.

Adjusted Outages and Derates

The total installed wind power nameplate capacity in ERCOT is 9321 MW. If the
aggregate nameplate outage values reported during February 1 and February 2 are
subtracted from this 9321 MW total, nameplate available values are obtained on
an hourly basis. Dividing the actual measured aggregate wind power output for
any given hour by the nameplate available value for the same hour produces a
percentage output that reflects how strongly the wind is blowing compared to full-
output levels. Over the course of February 1 through February 2, that percentage
varied from 40 to 75 percent (which is atypically high). To determine adjusted
outage values, the percentage for any given hour is applied to the nameplate
outage value for that same hour. For example, if the reported nameplate outage
value for the 5:00 AM hour was 3200 MW, and the percentage output was 50
percent, the adjusted outage value is 1600 MW. This value more realistically
represents the additional wind power that would have been supplied to the ERCOT
grid had it not been for the wind farm outages and derates.

Although this method does not take into account the fact that the wind speed at a
specific location where a forced outage has occurred may or may not correlate
with the average value, any errors at individual locations should tend to offset one
another. The method also assumes that the reports of forced outages and derates
were made on a timely basis, which may or may not have been the case.

(cont’d)
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Adjusted Capacity

NERC used 8.7 percent of nameplate capacity in calculating the contribution of
wind power to existing generation in its 2010-2011 Winter Assessment of the TRE
region. This is a planning number that has merit for the seasonal overview, but is
not applicable to the high wind conditions of February 1through February 2.
Therefore, in determining the wind power capacity in ERCOT for purposes of this
inquiry, the task force multiplied the total installed capacity of 9321 MW by the
percentage of output actually achieved by those facilities that remained in service,
compared to nameplate capacity. The resulting adjusted capacity represents what
the total wind power output would have been in ERCOT had there not been any
outages or derates during February 1 through February 2. Since the percentage
varies with the wind speed, adjusted capacity values were calculated hourly. At
8:00 AM on February 2, the percentage of output vs. nameplate was 57 percent,
yielding an adjusted capacity of 5313 MW (0.57 x 9321 MW). This number was
then used as wind power’s contribution to the total generation fleet. Counting all
units, both online and off, that total came to 79,658 MW for the 8:00 AM hour.
(Since the adjusted capacity value changes hourly based on wind speed, so too will
the numerical size, in MWs, of the total generation fleet.)

The Load Shed Decision

Load shedding is implemented to correct an electrical power imbalance if
load exceeds supply and system operators cannot bring the system back into
balance through other measures. Load shedding may be used to reduce an
overload condition (such as when thermal limits on a transmission line are
exceeded), to recover from an under-frequency condition, or to return voltage to a
normal level. The operation can be manual (operator-initiated) or automatic
(relay- initiated), depending on how quickly the frequency is decaying or the
voltage is falling. For slowly declining frequency or voltage issues, the manual
option is usually chosen. For rapidly declining frequency or voltage, the
automatic option will respond without operator intervention.

ERCOT utilized operator-initiated load shedding on February 2, which
preserved the system’s ability to implement automatic load shedding had system
conditions continued to deteriorate. Had ERCOT not instituted manual load
shedding, automatic under-frequency load shedding would have been a last resort
before a possible system collapse. Manual load shedding also helped raise the
frequency levels, preventing damage to generator turbines.

The task force considered the question of whether ERCOT’s decision to

manually shed load prevented more extensive blackouts than were experienced as
a result of the load shed itself. While a definitive answer would require extensive
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February 2, 2011, the largest single contingency was an online nuclear-powered
generating unit with a capability of 1354 MW.

ERCOT maintains and closely monitors its responsive reserve levels (also
referred to by ERCOT as its Physical Response Capability, or PRC), to comply
both with its own 2300 MW criterion and with the 1354 MW minimum criterion.

ERCOT relies on demand side load resources to provide up to 50 percent
(1150 MW) of its 2300 MW responsive reserve requirement. These resources
automatically disconnect when the frequency declines to 59.7 Hz. The purpose of
the responsive reserves, both generation and load, is to arrest frequency declines
before they reach 59.3 Hz (the trigger threshold for the first block of automatic
under-frequency load shedding (UFLS)), and to restore frequency to 60 Hz within
a few minutes following an event. Should either generation or load resources be
deployed manually by system operators, they are no longer available to provide
frequency response.

Between 5:15 AM and 1:20 PM on February 2, responsive reserves
dropped below the 2300 MW N-2 criterion three separate times, of varying
durations. Ultimately, responsive reserves dropped below the 1354 MW N-1
criterion. This occurred six separate times between 5:23 AM and 11:15 AM, for a
combined total of 134 minutes, with the longest interval being 73 minutes. During
the times when responsive reserves were below 1354 MW, had the largest
generator tripped, reserves would have been insufficient to reestablish the balance
between generation and load. The result would have been an inexorable decline in
frequency which, when it reached 59.3 Hz per second, would have triggered the
first block of automatic under-frequency load shedding, which would have
dropped five percent of the system load, or roughly 2600 MW.

Even though the under-frequency load shedding would have tripped
automatically, this response would have taken out firm load and would be in
addition to any firm load that operators may have already shed, starting with the
first directive ERCOT issued at 5:43 AM. Depending on the particular
circumstances surrounding the moment of activation of the automatic under-
frequency load shedding, it is possible that an overvoltage condition could have
occurred in one or more localized areas, that frequency could have significantly
overshot the 60 Hz norm, or that other electrical perturbations could have
developed that would have resulted in the tripping of even more generation. Only
a detailed dynamic simulation could answer the question as to how widespread the
February 2 blackout would have been had the automatic under-frequency load
shedding been triggered.
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e At 11:45 PM, the Copper Generator was brought online.

Wednesday, February 2, 2011

The air temperature continued to drop during the morning of February 2,
falling from 13 degrees at 1:00 AM to 8 degrees by 8:00 AM. Temperatures
moderated during the afternoon, reaching 15 degrees. On February 2, the
maximum temperature was 15 degrees (45 degrees below normal) and the
minimum temperature was 6 degrees.

The maximum temperature for the day was the coldest maximum (high)
temperature ever recorded in El Paso, Texas. A few wind gusts up to 24-26 mph
occurred around mid-day. This, combined with the frigid air temperatures,
produced wind chill values of -9 to -10 degrees. The peak wind speed reached on
February 2 was 26 mph.

Timeline of Events

At 12:10 AM, Newman 5 GT3 tripped.
e At12:26 AM, Newman 5 GT4 tripped.
o At 1:49 AM, Rio Grande No. 8 tripped.

e At 1:53 AM, system controllers contacted LRCC, which declared an EEA
l.

e At 2:02 AM, EPE purchased power from SPS; the Eddy DC tie was
opened and ramped to 100 MW.

e At 2:27 AM, a switching order was given by the system controller to
synchronize PNM’s Luna Energy Facility (Luna) to the grid, permitting
the transmittal of power EPE had purchased from PNM.

e At 3:17 AM, Newman Generator No. 4 GT1 tripped.

e At 3:20 AM, Four Corners Unit No. 4 tripped.
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Timeline of Events

e At 3:45PM, PNM’s Afton CT tripped.
e At 4:23 PM, PNM put the Afton CT back online.

e At5:00 PM, as the evening load increased, LRCC was contacted, and
EPE’s alert status was elevated to EEA 3.

e At 5:30 PM, controlled rotating load shedding resumed for just over five
hours. During this period, the load shed amounts varied between 100
MW and 250 MW.

e At 6:52 PM, Newman 4 GT1 was brought online.

e At7:20 PM, Newman 4 GTL1 tripped.

e At 9:32 PM, Newman 4 GT1 returned online.

e At 10:30 PM, Newman 4 GT2 was brought online.

e At 10:30 PM, EPE terminated the controlled rotating load shedding.

e At 10:40 PM, LRCC lowered the EEA level to Alert Level 2.

Friday, February 4, 2011

On February 4, although skies were clear and winds relatively calm,
temperatures were as low as 3 degrees during the early morning hours. By late
morning, temperatures moderated, reaching the middle 20s by 12:00 PM. The
temperature continued to rise during the afternoon, and the high for the day was 37
degrees. Winds, with speeds under 10 mph, were generally light and variable in
direction. The low for the day was 3 degrees. (The maximum air temperature was
24 degrees below normal and the minimum air temperature was 32 degrees below
normal).

Timeline of Events

e At2:02 AM, Newman 4 GT2 tripped.

o At 2:04 AM, Newman 4 GT1 tripped.
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e At3:17 AM, PNM’s Luna steam turbine tripped.
e At 3:23 AM, one Luna gas turbine dropped from 90 MW to 11 MW.

e At 3:51 AM, the Luna steam turbine was brought back online and slowly
ramped up.

e At6:30 AM, LRCC issued an EEA Level 3 for EPE. With Copper again
as the only local unit online, controlled rotating load shedding of between
100 MW and 250 MW resumed.

o At6:49 AM, Newman 4 GT2 was brought online.

e At 12:05 PM, the controlled rotating load shedding ended.

e At 12:12 PM, the RC changed EPE’s alert status to an EEA Level 2.

e At 3:57 PM, Newman 5 GT4 unit was brought online and remained stable
at 50 MW.

e At5:12 PM, the Rio Grande 8 unit was brought online.
Due to the added generation, which provided the necessary dynamic
reactive support, no controlled rotating load shedding was required for the Friday

night peak load period or thereafter during the event.

Saturday, February 5, 2011

e At 4:07 PM, Newman 5 GT3 came online.
e At 4:30 PM, LRCC modified EPE’s alert status to an EEA Level 1.

Sunday, February 6, 2011

e At 9:46 AM, LRCC decreased EPE’s alert status to an EEA Level 0.

Public Service Company of New Mexico

PNM set a new record winter system demand during the February cold
weather event and experienced outages on some of the generating units it owns,
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generation failures in ERCOT. The following charts demonstrate absolute and
percentage declines by production basin.

Basin Production Declines Relative to Jan 31, 2011
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The causes of these production declines are examined in detail in the
following section of this report, entitled “Causes of the Outages and Supply

Disruptions.”
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limit services such as parking and lending of natural gas, no-notice (the provision
of natural gas service without prior notice to the pipeline), interruptible storage
and excess storage withdrawals and injections.

Force majeure, if authorized by the pipeline’s tariff, is a declaration of the
suspension of obligations because of unplanned or unanticipated events or
circumstances not within the control of the party claiming suspension, and which
the party could not have avoided through the exercise of reasonable diligence.

Based on data responses to task force inquiries, the number of companies
making use of these various communications and directives for weather-related
reasons in the Southwest during the first week of February is as follows:

Type of Number of Number of Number of Number of
Pipeline Data Responses Companies Companies Companies
With a Critical | With an OFO Declaring
Notice Force Majeure
Interstate 24 6 3 1
Intrastate 21 5 5 3

El Paso Natural Gas issued a force majeure declaration on February 3,
stating that it had experienced system operating pressure on portions of its
mainline and some laterals that could not sustain contract levels. The other
interstate pipeline most affected by the supply shortfalls, Transwestern, did not

declare a low pressure force majeure.
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for example, Transwestern scheduled 305,000 MMBtu/d and NMGC took
182,000; on Feb. 3 Transwestern scheduled delivery of 298,000 MMBtu/d at Rio
Puerco, and NMGC took 128,000.

NMGC also reported lower pipeline pressure than those on which it typically
relies. On an average winter day in the north segment, pressure ranges from 800
to 900 pounds per square inch atmosphere (psia) at Rio Puerco. The average
pressures were lower during the week of January 31 and, from February 1 to
February 4, the loss of pressure caused NMGC to experience significant pressure
losses on its own system. For example, the interstate pipeline pressure at
NMGC’s interconnection at Rio Puerco fell to a low of 724 psia from a normal
operating pressure of 850 psia.

Notwithstanding this decline in pressure, Transwestern’s contractual
obligation with respect to pressures at Rio Puerco (as opposed to its typical
operating pressures) is 700 psia, and Transwestern reports that pressure never fell
below that obligation.

The following chart provided by Transwestern depicts the pressure at Rio
Puerco (fluctuating brown line) relative to contractually obligated pressure (non-
fluctuating red line), total receipts (green line) and deliveries (blue line) on the
Transwestern system. According to the chart, pressure did not fall below the
contractual obligation of 700 psia.

Transwestern Pressure at Rio Puerco
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Coordination Among Pipelines to Address Supply Problems

Flows between and among pipelines through redirected
supplies and incremental transactions at least partially alleviated
supply shortage conditions during the first week of February, 2011.
These flows were the result of active coordination among the
involved counterparties to address shortfalls. The redirection of gas
came too late to avoid the curtailments in New Mexico and Arizona
that occurred on February 2 and February 3. However, in the Texas
intrastate markets, the increased purchases of gas at pipeline
interconnects was an important factor in maintaining pressure in the
Dallas-Fort Worth area and also served to move gas east to west in
response to reduced supply at Waha.

Changes in gas deliveries do not occur instantly. Operation
Balancing Agreements (OBA) contractually specify how gas
imbalances between flows and scheduled amounts are to be
managed. (Interstate pipelines are obligated by FERC regulations to
have OBAs at interconnects with other interstate pipelines and with
intrastate pipelines). These agreements enabled counterparties to
make operational changes and revise nominations.

Chevron Keystone Storage Facility

In addition to the pipelines, at least one storage facility experienced weather-
related difficulties. These difficulties, however, stemmed not from freeze-offs
upstream, but from the rolling blackouts on ERCOT’s system and from the
facility’s own operational problems.

The Chevron Keystone Storage Facility (Keystone), which has
interconnections with El Paso, Transwestern, and Northern Natural Gas Company,
was affected by two rolling blackouts on February 2, at 6:30 AM and 10:00 AM.
It was shut down completely for six hours (from 6:30 AM to 9:30 AM and again
from 10:00 AM to 1:00 PM).

Keystone remained at less than 100 percent capacity through February 6, due
to line and equipment freeze-offs. Keystone declared force majeure at 9:00 AM
on February 2. As a result, during the period February 2 through February 4,
Keystone was unable to deliver 100 percent of nominated volumes to its three
interconnecting pipelines. Keystone lifted the force majeure effective 9:00 AM on
February 7.
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to operate without electricity simultaneously came back in service. Almost
immediately, Zia began receiving calls from customers reporting that they had no
gas or very low gas pressure. In all, 406 customers called in to report supply
problems.

Zia believes the reason for the outages was the sudden surge in demand
when electric power came back online, coupled with the low line pressures that
resulted from the DCP plant outage. That morning, Zia began the process of
relighting the primarily residential customers that were affected, and the company
was able to restore all gas service by 10:00 PM the same day.

Zia customers in the Ruidoso, New Mexico area also lost gas service as a
result of the cold weather events. During the early morning hours of February 3,
the Ruidoso area experienced power outages that lasted until 8:00 AM. At the
same time, receipt pressures from El Paso were declining.

At approximately 7:30 AM, Zia began receiving complaints of no gas or
low gas pressure. Personnel sent to the area reported extremely low pressures, and
did what they could to boost flow by bypassing regulator stations. Through a local
radio station that was operating on backup power, the company asked the
community to cut back on gas use. Pressures were critically low through most of
the morning but began to rise just before noon. However, when electrical power
was restored, there was a surge in demand that further strained the system. A total
of 50 customers at the far reaches of the distribution system lost gas service that
day, but their service was fully restored by the end of the working day.

According to Zia, it has no industrial or large load single customers; almost
all of its customers are residential or small commercial users. Thus, it was not
possible for Zia to reduce demand by curtailing large commercial accounts. Zia
believes the Ruidoso outages were caused by high demand on the system,
combined with low supply pressures and the surge in demand that occurred when
power was restored.

New Mexico Gas Company

NMGC serves more than 500,000 retail customers in towns, pueblos, cities
and rural areas throughout New Mexico. NMGC’s distribution system is divided
into two areas: (1) the north segment, serving the Albuquerque metropolitan area
and communities to the north; and (2) the south/remotes segment, consisting of (a)
the southeast system, which serves the towns of Roswell, Artesia, Carlsbad,
Lovington, Eunice, and surrounding areas, and (b) remote locations, including
Alamogordo, Silver City, Clovis, Portales, Tucumcari, Hatch, and Truth or
Consequences. The north and the south/remotes segments are served by the
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Transwestern and EL Paso interstate pipelines and by other third-party pipelines.
The remote locations that lost gas service during the period in question were
supplied solely by EI Paso.

NMGC: The North Segment

On February 2, 2011, NMGC personnel monitoring the company’s north
segment, which serves the Albuquerque metropolitan area and communities to the
north, noted that gas volumes at the company’s receipt points with EIl Paso and
Transwestern were not increasing, indicating that much of the company’s
nominated gas was not being received. However, although line pack was
decreasing, the system was still operating within sustainable limits. Based on
additional gas purchases made during the day, the company expected pressures at
receipt points to increase at 9:00 PM that night and at 8:00 AM the following
morning.

As a precautionary measure, the company began telephoning large
commercial users on the morning of February 2, seeking voluntary reductions of
gas consumption. NMGC employees, working from a list of the company’s 200
largest customers, placed phone calls or sent emails to points of contact on the list.
Customers were informed that the company was expecting a gas shortage and that
cutting back on gas usage was necessary to maintain service to home, hospitals,
and other top priority consumers.

In some instances, large customers agreed to reduce their gas use, either by
switching to alternative fuel supplies, lowering thermostats, or shutting down
equipment or manufacturing processes. However, some of the customers
(approximately 10 percent of those contacted) indicated that they could not or
would not reduce their usage.

One of the large customers NMGC contacted was PNM, which operates
two gas-fired generating plants in the Albuquerque area. Contacted at 9:42 AM on
February 2, PNM responded by stating that no curtailment options were available
to it, and that the plants would be increasing their gas consumption to meet power
generation requirements.

In other instances, NMGC was unable to reach a point of contact for its
large customers and could only leave messages requesting cutbacks or return calls.
NMGC estimates that it was ultimately able to contact 30 percent of the top 200
users to request voluntary curtailment.

NMGC was expecting the supply problems to improve at 9:00 PM on
February 2, because of the extra gas it had purchased. When line pressure did not
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Shortly before 5:00 PM on February 2, NMGC received notice from El
Paso that line pressure was not expected to improve during the next 24 hours.

At 1:50 AM on February 3, NMGC began cutting off service to schools and
non-essential government buildings in Alamogordo. At 2:36 AM, seeing that
conditions were continuing to deteriorate, the company declared a system
emergency on the south segment.

At 3:00 AM, NMGC cut off service to the communities of Tularosa and La
Luz, which are located at the end of the NMGC distribution pipeline that serves
Alamogordo. Line pressures continued to decline, however, and at 5:05 AM, the
company shut off one section of Alamogordo. At 6:00 AM, the Alamogordo area
experienced an electrical blackout. When electricity was restored at 8:00 AM, the
resulting surge in demand for gas caused pressure to drop to zero on the southern
part of the Alamogordo system, forcing NMGC to cut off that section as well. In
all, more than 4,300 customers lost gas service in Alamogordo, Tularosa and La
Luz, out of a customer base of approximately 15,000. By 9:25 AM, pressures in
the Alamogordo area began to stabilize, and by 3:00 PM that day, the company
began restoring service to curtailed areas.

Another community on the NMGC south/remotes segment that lost a
portion of its gas service on February 3 was Silver City. According to NMGC, the
Silver City distribution network lacked the capacity to meet the unprecedented
demand for gas on February 2 and February 3, due to system limitations. NMGC
stated that in 2007, it determined that the system’s maximum operating pressure
should be reduced from 40 psi to 30 psi for safety reasons. With that limitation,
the system could not transport the volumes demanded by customers.

Although two large users in that area, the Silver City Consolidated School
District and Western New Mexico University, agreed to curtail gas use on
February 2, mitigating demand on the system to some extent, pressure continued
to drop. NMGC curtailed a section of Silver City at approximately 6:00 AM the
following day, February 3, in order to avoid total collapse of the system. Pressure
began to recover by 11:00 AM, and restoration efforts began shortly thereafter. A
total of 271 out of approximately 9,200 customers in the area lost gas service due
to the curtailments.

NMGC has informed the task force that it is in the process of making

improvements to the Silver City distribution system that should allow it to meet
peak loads of the sort that occurred during the February event.

-131 -



FERC/NERC Staff Report on the 2011 Southwest Cold Weather Event

Restoration of Service

Closing individual gas meters, which is the first stage of restoring service,
began shortly after NMGC cut off service on the morning of February 3. In some
areas, NMGC personnel began shutting off meters within minutes of the
curtailment. As restoration efforts got underway, the company sought additional
help through its mutual assistance agreements with the American Gas Association
and the Southern Gas Association, whereby member LDCs agree to help each
other in emergency situations. That morning, NMGC asked other member LDCs
by email and by conference call to send personnel to help them restore service in
the affected areas. Out-of-state LDCs responded by sending qualified service
personnel, who began to arrive the following day. NMGC also sought help from
other New Mexico LDCs, and hired local contractors and plumbers to help restore
service. Police, fire department, and National Guard personnel all eventually
played roles in the effort to restore service.

Relighting continued through the weekend and into the following week,
with a workforce of more than 700 persons participating. Service was restored to
some areas as early as February 5, but the statewide relighting effort was not
substantially completed until the following week, on February 10.

The Arizona Curtailments and OQutages

Southwest Gas, a multistate LDC whose service areas include the cities of
Tucson and Sierra Vista in Arizona, was forced to curtail service to parts of those
cities on February 3 due to low pressures at receipt points with El Paso. After El
Paso declared a system-wide Critical Operating Condition at 11:52 AM on
February 2, due to declining line pack and drop offs in gas supply, Southwest
Gas’s management met at 1:00 PM to plan for increased monitoring of the
distribution systems. Shortly thereafter, at about 2:00 PM, the company started
calling large commercial customers to alert them to possible curtailments.

At 10:00 PM, as conditions on the EIl Paso pipeline continued to deteriorate,
Southwest Gas concluded that it might be necessary to cut off some customers in
order to preserve system operability. When pressures on the Sierra Vista system
reached a critical stage at approximately 3:30 AM on February 3, the company
identified several sections of the system that should be shut down to reduce
demand. At approximately 6:30 AM, crews began closing valves in Sierra Vista
and Tucson. Out of a total of 17,801 customers in Sierra Vista, 4,596 were shut
off; out of a total of 279,362 customers in Tucson, 14,620 were shut off.

Starting at approximately 5:00 AM on February 3, the company began
curtailing several large commercial customers, including an electric power plant in
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The following three charts show the absolute prices, basis, and price change

of natural gas during the week of the event.
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Price Change Relative to Feb 1
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The causes of the electric generator failures and the natural gas shortfalls
described above are examined in the following section of this report, entitled
“Causes of the Outages and Supply Disruptions.”
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VI. Causes of the Outages and Supply Disruptions

The precipitating cause of the rolling blackouts experienced in Texas and
Arizona during the February 2011 cold weather event was the large number of
electric generator outages. The principal cause of the gas service curtailments
experienced in several southwestern states was the production declines in the
supply of natural gas, which led to volume and pressure reductions in the
pipelines. The task force has analyzed in detail the causes of these outages and
declines, and found that the majority of them were directly or indirectly related to
the weather, particularly so with respect to production declines in the gas supply.
This section of the report describes in detail those causes, both weather and non-
weather-related.

While the storm itself was an uncontrollable event of force majeure, the
question arises as to whether the facilities affected should have been better
prepared to withstand the severe weather. Was the cold spell so unprecedented
that the entities responsible for those facilities could not reasonably be expected to
have taken preventative actions? Or did entities fail to take into account lessons
that could have been learned from past cold weather events in the Southwest?
These questions are addressed in the next section of this report, entitled “Prior
Cold Weather Events.”

A. Electric

The rolling blackouts that utilities implemented during the cold weather
event, which centered in Texas (ERCOT, EPE) and Arizona (SRP), were almost
entirely the result of trips, derates, and failures to start of the generating units in
those regions. The localized blackouts experienced by PNM in New Mexico,
however, were caused by transmission trips. Units in Oklahoma and Kansas also
experienced generator outages, but these did not result in blackouts.

The task force has analyzed these various generator outages to determine
their underlying causes. By far, the most common cause of the outages was the
cold weather, most commonly when sensing lines froze and caused automatic or
manual unit trips. There were also several outages that were due to operator error
or non-weather-related equipment failures. In a lesser number of cases, an
interruption in the supply of natural gas prevented gas-fired units from providing
power.
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Supporting Table (Southwest):

# of Unique
Cause Units MWh

Frozen - Drum level sensing lines 48 150,000

Frozen - Other Sensing lines 41 282,896

Control System Issues 33,872
Fuel Switching 15 29,106
Miscellaneous 11 7,952

The large percentage of weather-related outages speaks in part to the design
and construction of generating facilities in the Southwest. Unlike facilities in cold
climates, generating stations in the Southwest are typically designed and
constructed so that their boilers, turbines, and other auxiliary systems are exposed
to ambient weather conditions. This design prevents heat build-up from occurring
in the hot summer months. A more detailed discussion of generating plant design
is contained in the appendix entitled “Power Plant Design for Ambient Weather
Conditions.”

Sub-freezing temperatures can have adverse operational effects on
generating stations if systems containing water do not have sufficient freeze
protection, if pneumatic air systems do not have sufficient air drying capacity or
freeze protection, or if equipment lubricants are not maintained above prescribed
minimum temperatures. Generators with exposed elements typically employ a
combination of heat tracing, insulation, wind breaks or enclosures, and heat
sources to prevent freezing and to maintain minimum lubricant temperatures.
Frozen sensing lines were a particular problem during the February cold weather
event, when many generators automatically tripped offline due to faulty readings
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A sample of the ERCOT generating units that experienced weather-related
failures, categorized by the specific cause of failure, provides some insight into the
variety of concerns with which the generator operators had to contend during the
event, and illustrates the complexity of the protections needed for generating plant
systems.

e Frozen Sensing Lines: Instrumentation provides operational data
necessary to monitor and control the generator’s systems. Typically,
sensing lines containing a standing water column sense changes in pressure
and a transducer produces an electronic signal that is transmitted to
instrumentation or controls. In sub-freezing temperatures, if freeze
protection is not employed on critical unit systems, the water in the sensing
lines freezes, causing faulty signals and subsequent unit trips or derates.
During the February event, frozen sensing lines were the leading cause of
outages, with steam drum sensing lines being the most prevalent (43 units
tripped from this cause alone).

v" JK Spruce Unit 2, a 785 MW coal unit, tripped due to frozen sensing
lines that caused a false high water level reading in the steam drum.

v" Ingleside Cogeneration lost two units due to frozen sensing lines.
The lines were heat traced, but the ground fault interrupter breakers
protecting the heat trace circuits tripped, resulting in a loss of 176
MW.

v Another unit tripped due to frozen sensing lines on feedwater heater
level controls. The freezing caused a high condensate level in a
feedwater heater, which in turn incorrectly initiated a trip of the unit.

v Non-drum sensing line failures included a unit whose vacuum
system became erratic when the sensing line to the auxiliary steam
pressure indication froze. Another unit tripped when the sensing
lines to the rotor air cooler level transmitters froze.

Sensing Lines and Frozen Transmitters

There were many reports of frozen transmitters causing generating units to be
forced offline during the cold weather event. In almost all cases, it was not the
transmitters themselves that froze, but rather sensing lines filled with standing
(non-flowing) water routed between the transmitters and the points the sensing
lines are measuring.

(cont’d)
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Transmitters

The transmitter assemblies perform three distinct functions. First, they detect the
difference in pressure between two water lines, typically with a diaphragm-type
sensor that deflects in the direction of, or towards, the lower pressure. Second,
they serve as transducers that translate the pressure difference into an electrical
signal. Third, they boost or otherwise process the signal for transmitting to the
plant’s control room, generally using electronics.

Differential Pressure Measurement

The technique of measuring the pressure difference (differential pressure) between
two sensing lines filled with water has widespread application throughout power
plants, especially in steam-powered generating units. This is due to the fact that
differential pressure can be used to provide not just a measure of pressure itself,
but also of water levels and flow rates. Significant applications include the
following:

e Pressure Measurement

0 Between a boiler feedwater pump and the steam drum
e Water Level Measurement

o In feedwater heater tanks

o0 In the deaerator tank

o0 In the steam drum
e Water Flow Measurement

o Feedwater flow

0 Generator stator cooling water flow

Water L evel Measurement
Differential pressure can be used to measure water level by virtue of the force of
gravity, which results in greater pressure as the water level increases. This is akin
to the hydraulic head resulting from water in an open reservoir, which is a measure
of water pressure compared against standard atmospheric pressure. The method
needs to be modified, however, to account for the fact that the space within a tank
above the water is pressurized. Hence the use of differential pressure
measurement, with one sensing line connected to the bottom of the tank to sense
the water pressure, and the other to the top of the tank to sense the water vapor or
steam pressure. The line at the top of the tank is known as the reference line.
Even though the reference line connects to the top of the tank, which is above the
water level, it will itself still fill up with water because the vapor/steam condenses
in the line due to the much cooler ambient air temperature external to the tank.
(cont’d)
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| Steam Drum Water Level Measurement using Differential Pressure |

Sren

Seraing Lines

Water Flow Measurement

Differential pressure can be used to measure water flow by virtue of Bernoulli’s
principle: an increase in the speed of a flowing fluid is accompanied by a decrease
in pressure. This increase in speed can be forced by placing a constriction such as
an orifice plate or nozzle inside a pipeline, reducing its effective diameter. In
order for the rate of flow in gallons per minute, for example, to remain the same,
the velocity of the fluid must increase to make up for the fact that it is travelling
through a smaller opening. This phenomenon is known as the Venturi effect. The
higher velocity translates into lower pressure by Bernoulli’s principle. Thus,
measuring the differential pressure on either side of the constriction provides a
measure of the rate of flow through the pipeline.

For exact flow measurement, the design and dimensions of the constriction are
critical. In some cases, however, the concern lies more with changes in flow rate,
indicative of blockages in the piping or overall flow path. This concern is
important when strainers are used to filter out undesired particles from the fluid,
especially in generator stator cooling systems. The strainers provide constriction
to the water flow, resulting in a pressure difference. When the strainers are
clogged, the pressure difference increases.

Steam flow can also be measured using the Venturi effect. But in that case, long
sensing lines are not needed, as pressure immediately on either side of the orifice
plate or nozzle is measured.

The Freezing Problem

Since differential pressure measurement requires gauging the difference in
pressure between two separate sensing lines, if the water in either or both of those
lines freezes, the measurement will be false. When a sensing line is plugged with
ice, it cannot convey the intended water pressure to the transmitter location.

The fact that the water in the sensing lines is not flowing makes freezing all the
more likely, and emphasizes the need for proper freeze protection methods such as
insulation and heat tracing. Some sensing lines must run long distances through
areas exposed to outdoor ambient air, which significantly exacerbates the risk of
false readings.
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Frozen Equipment (General): Many other critical systems besides
sensing lines experienced problems from the low temperatures. These
included emissions systems, feedwater systems, control air systems,
lubricating oil systems, and the like. Emissions systems sometimes rely on
water, which is susceptible to freezing. Control air systems contain
moisture-laden air; if the moisture is not removed, freezing can occur.
Changes in the viscosity and properties of lubricants that are not kept at
specified temperatures can adversely affect the operation of equipment.

v Two units at one plant were derated when the NOx water storage
tank lines froze.

v At a City of Garland unit, 78 MW were lost from a draft fan failure,
which was caused by frozen damper controls and a resulting low air
flow trip.

v A wind facility lost six units when lubricating oil fell below the
minimum operating temperature and automatically tripped the units.

Frozen Water Lines: The condensate and boiler feedwater systems of
steam-cycle generating units (coal, conventional gas, and combined cycle)
utilize water from the condenser and add heat (through a series of feedwater
heaters) and pressure (through condensate and boiler feedwater pumps) to
increase cycle efficiency before the water enters the boilers. Piping,
pressure vessels, and valves contained in these systems are susceptible to
freezing, absent freeze protection measures. (This is especially true if the
unit is offline at the onset of freezing temperatures.)

v One facility lost a 160 MW unit when air compressor drains froze.
Another unit was shut down because of high boiler “superheat”
temperature when its superheat spray lines froze.

Frozen Valves: The operation of valves can become sluggish when
exposed to severe cold weather. Depending on the particular application of
these components, sluggish valves can cause instability in the boiler or
turbine controls, which can eventually lead to a unit trip.

v’ Kiowa Power Partners attempted to free up a frozen valve and, in the
process, shut the valve completely, cutting off steam to the turbine
and tripping 307 MW of capacity.

v" Another generating unit experienced a frozen valve on a fuel gas
temperature controller, which caused gas temperatures to become
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alternate fuel, with 15 units managing the switch successfully. The other
units encountered various failures in their switching equipment. Derates
also resulted from fuel switching.

v The Decker CT 2 (54 MW) tripped when attempting to burn fuel oil.

v" The GEUS steam plant was derated by 5 MW due to operating on
fuel oil.

e Operator Error: Several generators experienced minor problems
associated with operator error. In some cases, the problems arose when
operators switched control systems from automatic to manual mode. In
other cases, generators tripped as the result of improper maintenance
procedures.

v A flameout of the boiler at one unit forced the burner valves to close
but left the main gas trip valve open. In attempting to close the trip
switch before restarting the unit, an operator selected the trip switch
for the second unit, putting the second unit out of service.

v An operator noticed that the fuel forwarding system for two units
were operating in the incorrect mode. In attempting to rectify this
situation, the operator correctly selected the automatic mode for one
pump (it was operating in manual), but mistakenly selected
“lagging” instead of “leading.” This caused both units to give low
pressure alarms and trip offline.

v Hydraulic oil heaters at a generating unit had been left unplugged
since the summer of 2009 (they had been unplugged at that time to
avoid overheating). During the February event, trips resulted from
low hydraulic oil temperatures.

e Emissions: At approximately 12:00 PM on February 2, ERCOT informed
generators that the Texas Commission on Environmental Quality (TCEQ)
was temporarily waiving air permit requirements that were preventing some
generators from operating at full capacity during the emergency. (Although
ERCOT characterized the action as a waiver, the TCEQ actually stated that
it was exercising enforcement discretion.) This decision had little effect on
the situation within ERCQOT, as it was not announced until after half of the
shed load had been restored.

v' Prior to issuance of the notice, Calpine’s Clear Lake facility, which
consists of three combustion turbines and two heat recovery steam
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generators, was forced to manually shut down its GT102 and GT104
turbines in order to avoid exceeding NOx Limits.

v' On February 3, another Calpine unit, Freestone Unit GT4, was
derated so as not to exceed its NOx permit limits.

e Miscellaneous: A variety of other problems was also experienced, such as
the following:

v Switchyard Equipment Problems: Some generators encountered
switchyard problems that led to units failing during the event. One
entity was unable to start certain units because a standby transformer
was not energized.

v" Low Frequency Related Issues: Two facilities reported frequency-
related issues as causes for their units tripping. One facility’s three
generators tripped as a result of a low frequency turbine protection
relay operating improperly. At another facility, the decline in
frequency during the event caused the turbine control system to
initiate an increase in fuel pressure to increase turbine speed, but it
overshot its set point.

ERCOT Gas Supply Outages and Derates

Fuel supply problems did not significantly contribute to the amount of
unavailable generating capacity in ERCOT during the first week in February. The
outages and derates from inadequate fuel supply totaled 1282 MW from February
1 through February 5. (For comparison, the overall net generating capacity
reduction in ERCOT peaked at 14,702 MW on the morning of February 2.) The
fuel supply problems also did not occur all at the same time. The following table
summarizes generation capacity reductions in ERCOT due to fuel curtailment and
fuel quality problems.
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Generator

Trip Time

MW
Reduction

Pipeline (s)

Bosque 2/2 9:26 AM Bosque 597 154 Enterprise Texas Pipeline,
Power Power Markwest Lateral
Company Unit 1,
Unit 2,
Unit 3, and
Unit 4
Calpine 2/4 7:55 AM Corpus 516 174 South Cross CCNG
Christi: Transmission
GT1,
GT2, and
ST1
City of 2/27:30 AM Decker : 450 100 Enterprise Texas Pipeline /
Austin Unit 2 Atmos Texas Pipeline
(Austin
Energy)
Power 2/25:14 PM Cal 212 7 ONEOK WesTex Transmission
Resources Energy:
Unit 1
Luminant 2/110:00 AM | Lake 441 174 Atmos-Texas Pipeline
Hubbard:
Unit 1
GEUS 2/1 9:00AM GEUS 112 112 Atmos-Texas Pipeline
Steam
Plant
Exelon 2/17:30 PM Mountain 808 476 Atmos-Texas Pipeline and
Creek: Energy Transfer Fuel
2/211:00 AM | Unit6, 396
Unit 7, and
2/2 3:00 PM Unit 8 476
2/2 6:00 PM 396
Frontera 2/2 8:16 AM Frontera: 485 85 Kinder Morgan Tejas
Generation Unit 1,
Unit 2, and
Unit 3

e Bosque Power Company: MarkWest PNG Utility operates an intrastate,
30-mile, 18 inch diameter lateral in Hill, Johnson, and Bosque Counties,
Texas. The lateral has an operating pressure of approximately 700 psi, and
has no compressor stations. Gas is transported from Enterprise Texas
Pipeline, a second intrastate pipeline, to the Bosque County Power Plant,
the only electric generation facility served by the pipeline.
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Bosque Power Company’s QSE, EDF Trading North America (EDF),
manages all transportation and gas supply purchases, nominations, and
scheduling, including capacity on the Enterprise Texas Pipeline. EDF has
only interruptible capacity on the Enterprise Texas Pipeline. The majority
of its receipt points are in Waha and West Texas.

The power plant’s units are programmed to automatically shut down if
pipeline pressure drops below a certain point. On February 2, gas pressure
steadily dropped to near the automatic shut down point. To mitigate the
effects of lower gas pressures, the plant began reducing energy output on
all four of its units.

MarkWest informed the task force that there are no compressors on their
pipeline, and therefore the declining pressure was likely a gas supply issue.
The pipeline had no capacity constraints.

e Calpine: The Calpine Corpus Christi facility is supported by one pipeline
system, the Southcross CCNG Transmission pipeline (Southcross). Calpine
Energy Services (CES), a subsidiary of Calpine Corporation, is an energy
marketer that arranges for natural gas supplies for generation facilities
owned by Calpine, including the Corpus Christi facility.

On February 3 and 4, CES delivered gas into Southcross at four separate
locations. However, at approximately 7:55 AM on February 4, the Calpine
units tripped off line due to declining pipeline pressure on the Southcross
system. The pressure on Southcross fell below the minimum delivery
pressure obligation of 560 psig that is stated in both of CES’s firm and
interruptible agreements. Southcross reported that the low pressures on its
system were due to supply freeze-offs that reduced expected deliveries into
its system.

Calpine was able to restart one of its units in less than one hour and run the
facility at a derated level. Later in the day on February 4, once Southcross
restored its line pack pressures, Calpine successfully brought all units back
online.

e City of Austin (Austin Energy): The city of Austin has firm capacity on
the Enterprise Texas Pipeline and is connected to the Atmos Pipeline-Texas
(Atmos), both intrastate pipelines. Under the terms of the city’s agreement
with Atmos, its capacity rights are reduced when freezing weather is
forecasted, pursuant to a specific formula in the contract. Most of the gas
supply for the transportation is from Waha.
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The plant did not experience curtailments. However, given the limitations
on Atmos, usage was limited on February 2. Austin Energy exceeded its
contractual hourly take on Enterprise Texas Pipeline and was requested by
Enterprise to reduce flows to the hourly take (this is referred to as “back on
rate”). This reduction caused a 100 MW derate of the Decker unit.

e Power Resources: Power Resources’ Cal Energy Plant ramped down one
hour early due to low gas pressure on its supplying pipeline, ONEOK
WesTex, an intrastate pipeline located primarily in west Texas and the
Texas panhandle.

ONEOK WesTex states that it did not interrupt service but did experience
operational difficulties and supply reductions. Beginning on February 1,
increased gas usage by towns and power plants reduced the pipeline
pressure, and several interconnecting gas processing plants also
experienced supply difficulties. Normal operating pressures were restored
by the afternoon of February 2.

e Luminant and GEUS: These plants are connected to the Atmos system,
which traverses the Fort Worth, Permian, and East Texas Basins, all of
which experienced supply losses due to freeze-offs.

Transportation for power generation feeding off Atmos is only offered as
an interruptible service, and is subject to electric generation restrictions,
called “Tier 3 restrictions.” Atmos instituted Tier 3 restrictions beginning
at 9:00 AM on February 1, restricting gas flow to zero for the GEUS steam
units and for Luminant’s Lake Hubbard generating station. On February 2,
increased demand resulted in continued loss of line pack and declining
pressures at citygate points in Dallas-Fort Worth. Additionally, suppliers
experienced well freeze-offs and equipment problems.

On the morning of February 2, ERCOT initiated rolling blackouts to
maintain the grid. The TRC contacted Atmos at approximately 10:00 AM
to ask if additional volumes could be delivered to the Lake Ray Hubbard
Electric Generating Station to assist with electric grid issues. Atmos
explained to the TRC that such action would result in the loss of service to
firm residential and commercial customers served by LDCs located to the
north of the electric generation station on the pipeline system, and that
therefore such deliveries could not be made to an interruptible customer.

e Exelon: Exelon has a firm gas transportation contract with Energy
Transfer Fuel (ET Fuel) for the Handley Generating Station and an
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interruptible gas transportation contract with Atmos for Handley
Generating Station and Mountain Creek Station. Atmos implemented a
Tier 3 restriction during the extreme weather event, which limited hourly
flow to both the Handley and Mountain Creek stations.

The fuel curtailments at Handley did not affect operations until Unit 3 was
called on the evening of February 2. Gas supply during the day was
enough to allow Units 4 and 5 to run at full load. When Unit 3 was brought
on line, it fuel switched Unit 4 to run partially on oil to allow Units 3 and 5
to increase output. Mountain Creek Units 6 and 7 ran at minimum load due
to fuel restrictions. Mountain Creek Unit 8 ran at full load (but did have
other non-gas related derates that affected output).

e Frontera Generation: The Frontera Generation plant is on the Kinder
Morgan network of pipelines (collectively, KM Texas Pipes). The KM
Texas Pipes receive natural gas from producing fields in south Texas, east
Texas, the Gulf Coast, the Gulf of Mexico, and the Permian Basin. They
also own or control gas storage capacity.

Frontera has firm transportation service with deferred account service.
“Deferred account service” is a balancing service that enables a shipper to
acquire supply during low demand and deliver it to the KM Texas Pipes for
future redelivery during peak demand, subject to contractual limits on
hourly, daily, and total quantities.

During the morning of February 2, the KM Texas Pipes contacted those
customers that were taking more than their firm contractual rights,
including both of the Frontera plants, requesting they stay within their
contractual rights because pipeline pressures were falling and putting all
firm services at risk. Later that day, ERCOT, along with the TRC, advised
the KM Texas Pipes that ERCOT had declared an emergency condition.
ERCOT then advised the KM Texas Pipes that the power grid in the Rio
Grande Valley was in a critical state. ERCOT and the TRC requested the
KM Texas Pipes to allow the Frontera electric generating plant to pull
supplies in excess of their firm contractual rights. The KM Texas Pipes
complied with this request.

Generation Outages in Salt River Project

The SRP balancing authority suffered several generator outages during the
cold weather event, which severely affected its ability to serve load. On February
1 and 2, SRP lost a total of seven units. The failures of three of them were related
to weather. On February 1, SRP lost Unit 1 at its Navajo Generating Station due
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El Paso attempted to bring its units back online on February 3 and February
4, with limited success. Newman Unit 4’s GTs were restarted, only to trip on
subsequent occasions for similar weather-related issues. (Luna and Afton, PNM
remote generating facilities from which EPE was receiving energy, also
experienced outages on February 3 and February 4.)

During the event, two EPE units, Newman Unit 1 and Rio Grande Unit 7,
were offline and EPE tried to bring them online to assist with the shortages. Both
units, however, failed to start due to frozen components and, in the case of
Newman Unit 1, frozen drum drain lines and transmitter.

B. Natural Gas

Most of the natural gas supply problems experienced in the Southwest
during the cold weather event were caused by freeze-offs, principally at the
wellhead or, to a lesser degree, at nearby processing plants. Other equipment
failures also played a role, as did the rolling blackouts and customer curtailments
in the ERCOT region.

In order to analyze the causes of the supply shortfalls, the task force
reviewed daily shortfalls at receipt points on pipelines. Most of these receipt
points were at processing plants. The following table summarizes the information
received from 13 processing companies, which overwhelmingly pointed to
upstream supply outages as the major cause of the reduced volumes. (The second
column is the maximum estimated production shortfall by basin; the third column
Is the percentage of shortfall of the processing plants that provided information;
the final column lists the causes of the shortfalls.)
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Processing Plant Outages Relative to Daily Production Shortfalls

BASIN MAXIMUM PROCESSING CAUSES
DAILY RESPONSES AS
PRODUCTION A % OF THE
OUTAGE DAILY OUTAGE
Permian 1.31 Bcfon Feb 4 0.44 Bcf (34%) 85% Upstream Supply

Freeze-offs, 15%
Mechanical/Electricity

Outages
San Juan .43 Bcfon Feb 2 0.21 Bcf (52%) Upstream Supply Freeze-
and Feb 3 offs, Minimal Amount
due to Mechanical
Fort Worth 1.63 Bcfon Feb 6 0.17 (11%) Upstream Supply Freeze-

offs, Minimal Amount
due to Mechanical

East Texas .72 Bcfon Feb 3 NA NA
and Feb 5
Gulf Coast .65 Bcfon Feb 4 NA NA

The task force further explored these upstream production outages by
surveying 15 of the larger producers in the San Juan, Permian, Fort Worth, East
Texas, and Gulf Coast Basins. These producers accounted for almost 40 percent
of the total production for the five basins, with the highest percentages from the
Fort Worth, San Juan, and Permian Basins.

For February 1 to February 5, an estimated 14.8 Bcf of production was lost
from these five basins due to weather-related reasons. Of that amount, the
surveyed producers lost 7.1 Bcf, equal to 48 percent of the total.

These production losses occurred for a variety of reasons. Some of the most
common occurrences reported to the task force included:

e Freeze-offs (in some circumstances winterization was only designed for
temperatures in the 20s),

e |cy roads that hampered logistics such as hauling away water produced
by treatment equipment, and

e Rolling blackouts and customer curtailments.

Rolling blackouts were a problem particularly in the Fort Worth Basin,
where they caused outages of compressors on gathering lines. In the Permian
Basin, deployment of Load Resources by ERCOT during the event caused
disruption to electric pumping units. According to information received from the
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estimated to be approximately 28 percent of the total basin production losses for
the five days. The losses were attributed to the following:

e Power disruptions to electric motors on pumping units (29 percent of
the total losses, or 0.32 Bcf),

Icy roads,

Ice plugs in gathering lines,

Freeze-offs, and

Downtime at processing plant.

Occidental Energy Marketing reports that on February 2, because of its
status as a Load Resource on ERCOT’s system, electric service to its production
facilities were interrupted when ERCOT deployed it as a Load Resource. This
interruption resulted in significant production losses. Power began to be restored
approximately 1.5 hours after the disruption occurred.

ConocoPhillips Company reports that a significant percentage of its
production losses in the Permian Basin were attributable to rolling blackouts that
knocked out processing plants and pumps and lifts. The majority of its Permian
Basin production comes from oil wells that rely on electric pumps and lifts to
maintain oil flow. When the pumps failed, the natural reservoir pressures were
unable to sustain flow, the oil congealed, and the wells and flow lines froze.

San Juan Basin

The San Juan Basin suffered production losses from February 1 through
February 5 of 1.3 Bcf, with a maximum daily decline of 0.43 Bcf on February 3
and February 4. The reasons provided for these declines are based on information
received from processors representing 52 percent of the maximum daily outage
and producers representing 71 percent of the cumulative losses.

Reduced Flows at Processing Plant Pipeline Receipt Points

The task force reviewed receipt points on El Paso and Transwestern that had
reductions exceeding 20,000 MMBtus per day, and eight processing plant receipt
points with a reduction of approximately 0.35 Bcf per day (when netted against
increased flows elsewhere).

Receipt points off of El Paso that had flow reductions exceeding 20,000
MMBtus per day are the BP Florida River Plant, with a reduction of 155,691
MMBtus per day, and two Williams Field Services processing plant/gathering
locations; Milagro, with a reduction of 66,764 MMBtus per day, and #37, with a
reduction of 24,047 MMBtus per day. Transwestern’s most significant supply
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percent of the total basin production losses for the five days. The losses were
attributed to the following:

¢ Rolling blackouts primarily affecting compressors on gathering lines
(27 percent, or at least 1.0 Bcf),

e Icy roads, and

e Freeze-offs.

One large producer in the basin reported production losses for the period
February 1 through February 5 as a result of electrical compression being shut
down on a gathering system in the Dallas/Ft. Worth area. After power was
restored, production was slow to return to standard rates. It therefore appears
likely that a significant percentage of the lost production even after February 2
was due to the loss of power during the rolling blackouts.

East Texas

Producers representing a customary production level of 1.2 Bcf per day
(approximately 24 percent of total basin production), reported production losses
from February 1 through February 5 of 0.9 Bcf, estimated to be approximately 33
percent of the total basin production losses for the five days. The losses were
attributed to the following:

Equipment freeze-offs,

Icy roads,

Downtime at processing plants,
Freezing of equipment, and
Wellhead freeze-offs.

Gulf Coast

Producers representing customary production level of 0.7 Bcf per day from
February 1 through February 5 (approximately 14 percent of total basin
production), reported production losses from February 1 through February 5 of
0.36 Bcf, estimated to be approximately 18 percent of the total basin production
losses for the five days. The losses were attributed to the following:

e Compressors freezing,

e Frozen meters, and
e Freeze-offs.
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A. Electric

The two prior cold weather events of most significance for the ERCOT
region occurred in 2003 and 1989; generators experienced weather-related outages
in both of those years, and rolling blackouts were implemented in 1989. The
winter of 1989 in particular resembles that of 2011, both in the severity of the
weather and in loss of load.

These two events are described below, beginning with the most recent.
2003 Event

On Friday, February 21, 2003, weather forecasts predicted a cold front over
a large part of Texas. The front moved in earlier and was more severe than
projected. Statewide, temperatures ranged from 15 to 27 degrees below normal.
On Monday, February 24, with freezing temperatures as far south as San Antonio,
the demand for electricity reached 42,029 MW, exceeding ERCOT’s forecast by
4218 MW, or 11 percent. Owners of gas-fired generating units were short on gas
and tried to acquire more gas on the intraday market. At the same time, the
demand for gas increased as a result of heating needs.

System Events

By 6:00 PM on February 24, ERCOT issued a Market Alert to increase
available energy and capacity, and ordered all Reliability Must Run (RMR) units
raised to maximum output levels. Temperatures remained below freezing in
Austin and Dallas into Tuesday. By 7:30 AM on Tuesday, ERCOT issued a
Market Advisory requesting more bids. At the same time, gas companies
informed customers that they were activating tariff provisions to curtail gas for
purposes other than “human need.” At the request of three QSEs, the ERCOT
Chief Operating Officer signed affidavits stating that gas needed for electric
generation met the qualification of human need.

At 9:08 AM on February 25, gas curtailment to a power plant caused three
units to trip, resulting in the loss of 745 MW of generation. System frequency
dropped to 59.81 Hz and could not be restored. The ERCOT system control error
(SCE) was -1,500 MW and increasing. At 12:01 PM, ERCOT declared
Emergency Electric Curtailment Plan (EECP) Step 1 (EECP was the predecessor
to today’s Emergency Energy Alerts). Step 1, invoked when reserves fall below
2300 MW, entailed instructing all available generation to come on line, and
securing emergency power from neighboring electrical grids through the DC ties.
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lighting. Utilities made public appeals for customers to voluntarily reduce
consumption.

At 10:00 AM on December 22, ERCOT’s load peaked at 38,300 MW. At
this point, the online generating capacity was 39,800 MW, or 1500 MW greater
than the load. Within two hours, decreasing load and the restoration of some
generating units that had been forced offline earlier succeeded in bringing reserves
back up to acceptable levels. Thus, the record-setting peak load period was met
without the need to shed firm load.

However, temperatures continued to drop overnight Friday into Saturday,
December 23, when they reached minimums of -7, -1, and 7 degrees in Abilene,
Dallas, and Houston, respectively, with wind chill factors down to -35 degrees.

Up until midnight Friday night, approximately 3000 MW of generation was
offline due to weather-related problems. The system also suffered 1500 MW of
capacity reduction on account of units switching from natural gas to fuel oil.
Between midnight and 7:00 AM on the following morning, an additional 4700
MW of generation was forced offline due to weather-related problems. It was also
difficult getting power from outside ERCOT. West Texas Utilities offered 220
MW of emergency power to Houston Lighting and Power Company (HL&P), to
be delivered over the North Tie, but then had to withdraw the offer due to
unspecified technical problems.

By 5:36 AM on Saturday, December 23, the frequency had again dropped
below 59.95 Hz, and over the course of the next hour and a half it hovered
between 59.79 and 59.92 Hz, indicating the system was in difficulty. Interruptible
loads were shed during the early morning hours. At 7:49 AM, ERCOT directed
the utilities that were generation deficient to shed firm load.

HL&P had already begun shedding firm load, and increased its load shed to
1000 MW. Lower Colorado River Authority and the City Public Service of San
Antonio shed 60 and 150 MW of firm load, respectively.

This firm load shedding, combined with some internal and external power
transfers, succeeded in restoring the frequency to 60 Hz, re-stabilizing the system.
Around 10:20 AM, however, seven generating units producing a combined 1275
MW were all forced offline nearly simultaneously, causing the frequency to
plummet to 59.65 Hz. ERCOT was then forced to invoke system-wide load
shedding, beginning with 500 MW, allocated among the utilities. Within ten
minutes, the frequency had recovered and the system was stable once again.
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Comparison Table: Basic Information

December 21-23, 1989

February 1-2, 2011

Min. Temps & Wind
Chills in Dallas Area

Temperature: -1 degrees F
Wind Chill: -12 degrees F

Temperature: 13 degrees F
Wind Chill: -6 degrees F

Peak System Load 38,300 MW 56,334 MW
Net Generating 11,809 MW 14,702 MW
Capacity Reduction 31% of peak load 26% of peak load
Gross Generating 56+ units 193 units
Capacity Reduction 16,805 MW 29,729 MW
Firm Load Shed 1710 MW 4900 MW

4.5% of peak load

8.7% of peak load

Overall Duration of
Firm Load Shedding

5 hours, 47 minutes

7 hours, 24 minutes

The following table compares the causes of the outages, derates, and
failures to start for each year.

Comparison Table: Generator Problems

December 21-23,1989 | February 1-2, 2011
Frozen Instrumentation 34 units 61 units
11,623 MW 13,924 MW
Fish Clogging Water Intakes 6 units None reported
1385 MW
Other Cold Weather-related 9 units 54 units
1051 MW 6365 MW
Non-weather-related 7 units 63 units
1246 MW 7905 MW
Gas Curtailment Impact No. of units not specified 15 units
1500 MW 1534 MW
Weather-related % of Gross 84 % * 68 % *
Capacity Reduction in MW
Frozen Instr. % of Gross Capacity 69 % 47 %
Reduction in MW

* Does not count gas curtailments as weather-related.

Despite the recommendations issued by the PUCT in its report on the 1989

event, the majority of the problems generators experienced in 2011 resulted from
failures of the very same type of equipment that failed in the earlier event. And in
many cases, these failures were experienced by the same generators. Of the over
56 units and 16,805 MW of generating capacity that became unavailable during
the December 1989 event, 43 units (representing 13,606 MW of capacity) are still
in service in 2011. And 26 of those units, representing 5654 MW of capacity,
experienced problems again during the February 2011 cold weather event.
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wellhead and gathering line freeze-offs in the region. Rockies production was off
between 0.5 and 1.0 Befd over a 10-day period. Southwest regional production
also fell by about 0.5 Bcfd during that time.

Most of West remains below normal
3F
8F

Jan 37 -Feb 1 ':‘F"\
Thu - Fri

Source: MDA EarthSat, +5 Day Qutlook, January 31, 2008

December 2006

During the first few days of December 2006, unseasonably cold air
accompanied by a good deal of snow covered much of the Rockies, the Great
Plains and the Midwest. The Midwest and Chicago took the brunt of the frigid
temperatures. Lows were in the single digits with a wind chill of -12 degrees. For
two days, wellhead freeze-offs caused midcontinent production to fall almost 1
Bcfd, while Rockies and Texas/Louisiana production each were off about 0.5
Bcfd. Temperatures in Midland and El Paso dipped into the low teens for a short
time. The short cold snap set off a flurry of operational warnings and alerts; El
Paso issued a system operating condition flow order, and Southwest Gas, MRT,
NGPL, Kern River, and Transwestern issued low line pack warnings.

,'_ ) :;‘.'y.. |
U.S. Impacts |

Frigid Cold Crashing Through Rockies And Plains
Snow Pack To Amplify Already Cold Temperatures

Source: MDA EarthSat, Friday December 1, 2006.
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Producers suggest that even improved winterization of the wells would not
prevent a significant portion of production declines, since other problems, such as
icy roads that prohibit hauling off water (which, if not done, shuts down the well),
are also commonly encountered.
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IX. Key Findings and Recommendations

The facts that came to light in the course of the joint inquiry conducted by
the staffs of FERC and NERC, as well as the conclusions drawn from them, have
been presented throughout the body of this report. Because the matters examined
are complex and detailed, this section presents in summary form the task force’s
key findings. It also presents recommendations that the task force believes, if
implemented, could significantly contribute to preventing a recurrence of the
rolling blackouts and natural gas curtailments experienced in the Southwest during
the February 2011 cold weather event.

A. The Electric Industry

Key Findings -- Electric

e During the February event, temperatures were considerably lower (15
degrees plus) than average winter temperatures, and represented the
longest sustained cold spell in 25 years. Steady winds also accelerated
equipment heat loss. However, such a cold spell was not
unprecedented. The Southwest also experienced temperatures
considerably below average, accompanied by generation outages, in
December 1989. Less extreme cold weather events occurred in 2003
and 2010. Many generators failed to adequately apply and
institutionalize knowledge and recommendations from previous severe
winter weather events, especially as to winterization of generation and
plant auxiliary equipment.

e While load forecasts fell short of actual load, the forecasts were not a
factor in the loss of load. ERCOT manually increased its February 1
and February 2 forecasts by 4000 MW to factor in wind chill, and had
established sufficient reserves to accommodate both forecasted load and
the actual load that transpired. The reason blackouts had to be initiated
was that over 29,000 MW of generation that was committed in the day-
ahead market or held in reserve either tripped, was derated, or failed to
start. This was the largest loss of generation in ERCOT’s history,
including during the prior cold weather load shed event in December
1989 and the two hot weather load shed events in 2003 and 2006.
While units of all types (except nuclear generating units) tripped,
derated, or failed to start in 2011, in ERCOT, gas combined cycle units
had the highest percentage of failures, compared to their percentage of
the total fuel mix.
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ERCOT and the generators within ERCOT could better coordinate
generator scheduled outages, both in terms of the total amount of
scheduled outages at a given time and their location. A substantial
amount of generation (11,566 MW) was on scheduled outage going into
the cold weather event. ERCOT’s current Protocols provide that
requests for scheduled outages submitted earlier than eight days before
the outage is to begin are automatically approved, unless they would
violate a Reliability Standard.

ERCOT’s fast action in initiating rolling blackouts prevented more
widespread and less controlled ERCOT-wide blackouts. Had ERCOT
not initiated manual load shedding, its under-frequency load shedding
relays would have instantaneously dropped approximately 2600 MW
(five percent of system load), a loss that could have created further
system disturbances and resulting generation outages. Load shedding
by the transmission and distribution operators in ERCOT’s footprint
was generally carried out in a timely and effective manner.

Transmission operators and distribution providers generally did not
identify natural gas facilities such as gathering facilities, processing
plants or compressor stations as critical and essential loads.

Balancing authorities, reliability coordinators and generators often
lacked adequate knowledge of plant temperature design limits, and thus
did not realize the extent to which generation would be lost when
temperatures dropped.

The lack of any state, regional or Reliability Standards that directly
require generators to perform winterization left winter-readiness
dependent on plant or corporate choices. While Reliability Standard
EOP-001 R.4 and R.5 refer to winterization as a consideration in
emergency plans, these requirements apply only to balancing
authorities, transmission owners, and transmission operators.

Generators were generally reactive as opposed to being proactive in
their approach to winterization and preparedness. The single largest
problem during the cold weather event was the freezing of
instrumentation and equipment. Many generators failed to adequately
prepare for winter, including the following: failed or inadequate heat
traces, missing or inadequate wind breaks, inadequate insulation and
lagging (metal covering for insulation), failure to have or to maintain
heating elements and heat lamps in instrument cabinets, failure to train
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operators and maintenance personnel on winter preparations, lack
of fuel switching training and drills, and failure to ensure adequate fuel.

e (Gas curtailment and gas pressure issues did not contribute significantly
to the amount of unavailable generating capacity in ERCOT during the
event. The outages, derates, and failures to start from inadequate fuel
supply totaled 1282 MW from February 1 through February 5, as
compared to an overall peak net generating capacity reduction of 14,702
MW.

Recommendations -- Electric

PLANNING AND RESERVES

1. Balancing Authorities, Reliability Coordinators, Transmission
Operators and Generation Owner/Operators in ERCOT and in the southwest
regions of WECC should consider preparation for the winter season as
critical as preparation for the summer peak season.

The large number of generating units that failed to start, tripped offline or
had to be derated during the February event demonstrates that the generators did
not adequately anticipate the full impact of the extended cold weather and high
winds. While plant personnel and system operators, in the main, performed
admirably during the event, more thorough preparation for cold weather could
have prevented many of the weather-related outages.

Capacity margins going into the winter of 2010/2011, for both ERCOT and
the southwest regions of WECC, were adequate on paper. (ERCOT reported a 57
percent margin above forecasted winter peak demand, and the southwest regions
of WECC projected a 105.7 percent margin.) But those margins did not take into
account whether many of the units counted would be capable of running during
the severe cold weather that materialized in February.

While the probability of a winter event in the predominantly summer
peaking Southwest appears to be low, shedding load in the winter places lives and
property at risk. The task force recommends that all entities responsible for the
reliability of the bulk power system in the Southwest prepare for the winter season
with the same sense of urgency and priority as they prepare for the summer peak
season.
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2. Planning authorities should augment their winter assessments with
sensitivity studies incorporating the 2011 event to ensure there are sufficient
generation and reserves in the operational time horizon.

Both ERCOT and the Southwest regions of WECC undertake planning
studies to ensure that sufficient reserves are available to meet seasonal peak loads.
However, the forecasted peak demand in the winter assessments for 2010/2011
was not as high as that actually experienced in early February.

Planners should undertake a sensitivity study, using the 2011 actual
conditions as a possible extreme scenario, that reflects expected limits on available
generation. These limits would include those due to planned outages, limited
operations during periods of extreme cold weather, ambient temperature operating
limitations, and any likely loss of fuel sources.

This sensitivity study should be used by operational planners to identify
various system stress points, and by Reliability Coordinators, Balancing
Authorities, and Transmission Operators to improve and refine strategies to
preserve the reliability of the bulk power system during an extended cold weather
event. These strategies should include procedures relating to utilization of
generators with fuel switching capabilities and implementing early start-ups for
generators with long start-up times.

3. Balancing Authorities and Reserve Sharing Groups should review the
distribution of reserves to ensure that they are useable and deliverable during
contingencies.

This recommendation is designed to ensure that Balancing Authorities take
into account transmission constraints, other demands on reserve sharing resources,
the possibility that more than one reserve sharing group member might experience
simultaneous emergencies, and other factors that might affect the availability or
deliverability of reserves. ERCOT is currently considering a similar
recommendation, which was presented to its Board of Directors in March, 2011.

4. ERCOT should reconsider its protocol that requires it to approve
outages if requested more than eight days before the outage, consider giving
itself the authority to cancel outages previously scheduled, and expand its
outage evaluation criteria.

ERCOT’s Protocols provide that it may not forbid an outage request
submitted more than eight days prior to the scheduled outage, unless the outage
would keep ERCOT from meeting applicable Reliability Standards or Protocol
requirements. The Protocols further limit review of outage requests made earlier
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than eight days before the outage to the following three things: load forecast, other
known outages of both generation and transmission, and the results of a
contingency analysis to indicate whether the outages would cause overloads or
voltage problems.

The task force recommends that ERCOT consider lengthening the period
for which ERCOT may deny an outage request, assuming the conditions for doing
so are met. (ERCOT is presently considering a Protocol revision to give itself the
authority to deny an outage request that is not scheduled more than 90 days prior
to the outage date, a revision which the task force supports.) In addition, ERCOT
should consider giving itself the authority to cancel previously approved outages
in cases of approaching extreme weather conditions, even up to the time of the
event itself. In making this evaluation, ERCOT should take into account the costs
that would be imposed on the generator as well as the practical difficulties of
returning it to service if plant components are disassembled, as well as the
generator’s need to perform maintenance at some point while also avoiding the
high demand summer season.

In addition to the criteria for outage evaluation currently provided in the
Protocols, the task force recommends that ERCOT take into consideration the
potential loss of units based on weather conditions beyond their design limits, and
the effects likely to result from the totality of scheduled and proposed outages.

In furtherance of these criteria, ERCOT should:

0 Have available to it the design temperatures of all generation
resources.

0 Take into consideration as an extreme weather event approaches
which plants will not be available based on their design temperature
limits.

o Consider increasing reserve levels during extreme weather events.

o Commit, for purposes of serving load and being counted as reserves,
only those plants whose temperature design limits fall within the
forecasted temperature range.

o Determine, prior to approving an outage, if the combination of
previously approved scheduled outages with the proposed scheduled
outages might cause reliability problems.

5. ERCOT should consider modifying its procedures to (i) allow it to
significantly raise the 2300 MW responsive reserve requirement in extreme
low temperatures, (ii) allow it to direct generating units to utilize pre-
operational warming prior to anticipated severe cold weather, and (iii) allow
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it to verify with each generating unit its preparedness for severe cold weather,
including operating limits, potential fuel needs and fuel switching abilities.

ERCOT data on forced outages during the 50 coldest days between 2005-
2011 show a correlation between low temperatures and forced outages. This was
demonstrated not only by the February 2011 event but also by the 1989 event; in
both cases, extremely low temperatures led to the loss of large amounts of
generation and the implementation of rolling blackouts.

Increasing the amount of responsive reserves going into a cold weather
event would compensate for the probability that a number of generating units
might fail, and would provide better response to system instability in the event of
such losses.

Additionally, pre-operational warming would help prevent freezing and
identify other operational problems. Running a unit prior to the start of extreme
cold weather would utilize the unit’s own radiant heat to help prevent freezing.
And starting it up would permit correction of any problems that otherwise would
not be noticed until the unit was called upon for performance.

While pre-operational warming has considerable value, issues of whether or
how generators are to be compensated for taking such actions at ERCOT’s
direction would need to be addressed.

COORDINATION WITH GENERATOR OWNERS/OPERATORS

6. Transmission Operators, Balancing Authorities, and Generation
Owner/Operators should consider developing mechanisms to verify that units
that have fuel switching capabilities can periodically demonstrate those
capabilities.

Sixteen percent of ERCOT’s generation capacity is listed as having fuel
switching capabilities. During the February cold weather event, a quarter of the
20 units that attempted to switch fuel were unsuccessful. If a unit represents itself
as having fuel switching capability, verification of the adequacy of its capability
would provide useful information to the Balancing Authority or Transmission
Operator as to the availability of that unit in the event of natural gas curtailments.

Fuel switching verification might consist of the following:

e Documented time required to switch equipment,
Documented unit capacity while on alternate fuel,
e Operator training and experience,
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e Fuel switching equipment problems, and

e Boiler and combustion control adjustments needed to operate on
alternate fuel.

7. Balancing Authorities, Transmission Operators and Generator
Owners/Operators should take the steps necessary to ensure that black start
units can be utilized during adverse weather and emergency conditions.

The task force determined that a combination of scheduled and forced
outages of ERCOT’s black start units would have put ERCOT’s ability to restore
the system in jeopardy, had an uncontrolled blackout not been averted by the
implementation of load shedding. Balancing Authorities and Transmission
Operators should take steps to ensure the availability and reliability of their black
start units during adverse weather and emergency conditions, particularly to
prevent a gap in this function before 2013, when the provisions of Reliability
Standard EOP-005-2 on System Restoration from Blackstart Resources becomes
mandatory. These steps should ideally include auditing Generator
Owner/Operators, random testing of black start units during temperature extremes
(both hot and cold), determining the ambient operating temperature limitations of
the black start units, evaluating the effects of extreme temperatures on
implementation of the entity’s black start plan; and ensuring that operators are
trained to start the black start units during extreme weather conditions. ERCOT is
presently considering Protocol revisions that would provide for unannounced
testing of black start units and “claw back” payments for black start units that fail
testing or fail to perform.

8. Balancing Authorities, Reliability Coordinators and Transmission
Operators should require Generator Owner/Operators to provide accurate
ambient temperature design specifications. Balancing Authorities, Reliability
Coordinators and Transmission Operators should verify that temperature
design limit information is kept current and should use this information to
determine whether individual generating units will be available during
extreme weather events.

In order to ascertain actual capabilities during extreme weather conditions,
Balancing Authorities and Reliability Coordinators should require Generator
Owner/Operators to provide accurate ambient temperature design operating limits
for each generating unit that is included in its portfolio (including the accelerated
cooling effect of wind), and update them as necessary. These limits should take
into account all temperature-affected generator, turbine, and boiler equipment, and
associated ancillary equipment and controls.
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The Balancing Authorities should take steps to verify that Generator
Owner/Operators comply with this requirement, and should prepare for the winter
season by developing a catalog of individual generating unit temperature
limitations. These should be used to determine if forecasted temperatures place a
particular generating unit in a high risk category.

Lastly, Balancing Authorities and Reliability Coordinators should consider
the feasibility of counting on a generating unit whose rating falls below forecasted
weather conditions, and should consider whether to take into account weather-
related design specifications in ranking units in the supply stack during critical
weather events.

9. Transmission Operators and Balancing Authorities should obtain from
Generator Owner/Operators their forecasts of real output capability in
advance of an anticipated severe weather event; the forecasts should take into
account both the temperature beyond which the availability of the generating
unit cannot be assumed, and the potential for natural gas curtailments.

Balancing Authorities are permitted to request a forecast of real output
capability under Reliability Standard TOP-002-02 R15. Doing so would allow
operators to make proactive decisions prior to the onset of cold weather, including
but not limited to:

Requesting cancellation of planned outages,

Directing advanced fuel switching,

Directing startup of units with startup times greater than one day,
Requesting startup of seasonally mothballed units, and

Making advance requests for conservation.

In the case of ERCOT, which does not own the generators in its footprint,
consideration needs to be given to ensuring that there is an adequate cost recovery
mechanism in place for reliability measures taken by the generators at ERCOT’s
direction.

10. Balancing Authorities should plan ahead so that emergency
enforcement discretion regarding emission limitations can be quickly
implemented in the event of severe capacity shortages.

Some generators experienced derates during the event due to emission
limitations. The Texas Commission on Environmental Quality (TCEQ) exercised
enforcement discretion with respect to its emission restrictions during the event;
however, this action, which was taken after the TCEQ received requests during the
event itself, did not come in time to prevent all the emissions-related derates that
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occurred on February 2. It is recommended that ERCOT work out procedures in
advance with the TCEQ for the exercise of its enforcement discretion in the case
of severe weather events, and have an internal procedure in place that delegates
specific ERCOT personnel as responsible for contacting the TCEQ and other
environmental regulatory bodies during the early stages of an event, in order to
inform them of the significance of the situation.

WINTERIZATION

11.  States in the Southwest should examine whether Generator/Operators
ought to be required to submit winterization plans, and should consider
enacting legislation where necessary and appropriate.

The task force determined during its inquiry that certain generators were
better prepared than others to respond to the February cold weather event. In
many cases the entities that performed well had emergency operations or
winterization plans in place to provide direction to employees on how to keep their
units operating. Although the implementation of a winterization plan cannot
guarantee that a unit will not succumb to cold weather conditions, it can reduce the
likelihood of unit trips, derates and failed starts.

The state of Texas has provided a starting point for such legislation with SB
1133, which was signed into law on June 17, 2011. This statute incorporates two
Important components: (1) mandatory reporting of emergency operations
procedures, and (2) independent review by the PUCT.

In addition to the matters covered in the Texas statute, the task force
recommends that planning take into account not only forecasts but also historical
weather patterns, so that the required procedures accommodate unusually severe
events. Statutes should ideally direct utility commissions to develop best
winterization practices for its state, and make winterization plans mandatory.
Lastly, it is recommended that legislatures consider granting utility commissions
the authority to impose penalties for non-compliance, as well as to require senior
management to acknowledgement that they have reviewed the winterization plans
for their generating unit, that the plans are an accurate representation of the
winterization work completed, and that they are appropriate for the unit in light of
seasonal weather conditions.

NERC staff has concluded there would be a reliability benefit from
amending the EOP Reliability Standards to require Generator Owner/Operators to
develop, maintain, and implement plans to winterize plants and units prior to
extreme cold weather, in order to maximize generator output and availability.
Accordingly, NERC intends to submit a Standard Authorization Request, the first
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step in the Reliability Standards development process, proposing modifications to
the Reliability Standards for Emergency Preparedness and Operations.

Plant Design

12.  Consideration should be given to designing all new generating plants
and designing modifications to existing plants (unless committed solely for
summer peaking purposes) to be able to perform at the lowest recorded
ambient temperature for the nearest city for which historical weather data is
available, factoring in accelerated heat loss due to wind speed.

The ideal time to prepare a generating unit to withstand cold temperatures
is in the design stage. For that reason, the low temperatures and wind chills that
can occur during the occasional severe storm should be incorporated in the design
process.

13.  The temperature design parameters of existing generating units should
be assessed.

The task force found that for existing generating units, it is often not
known with any specificity at what temperature the unit will be able to operate, or
to what temperature heat tracing and insulation can prevent the water or moisture
in its critical components from freezing. For that reason, Generator
Owner/Operators should conduct engineering analyses to ascertain each unit’s
operating parameters, and then take appropriate steps to ensure that each unit will
be able to achieve the optimum level of performance of which it is capable.

The task force recommends the following:

e Each Generator Owner/Operator should obtain or perform a
comprehensive engineering analysis to identify potential freezing problems
or other cold weather operational issues. The analysis should identify
components/systems that have the potential to: initiate an automatic unit
trip, prevent successful unit start-up, initiate automatic unit runback
schemes and/or cause partial outages, adversely affect environmental
controls that could cause full or partial outages, adversely affect the
delivery of fuel to the units, or cause other operational problems such as
slowed valve/damper operation.

e |f a Generator Owner/Operator does not have accurate information about
the ambient temperature to which an existing unit was designed, or if
extensive modifications have been made since the unit was designed
(including changes to plant site), it should obtain an engineering analysis
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regarding the lowest ambient temperatures at which the unit can reliably
operate (including wind chill considerations).

e Each Generator Owner/Operator should ensure that its heat tracing,
insulation, lagging and wind breaks are designed to maintain water
temperature ( in those lines with standing water) at or above 40 degrees
when ambient temperature, taking into account the accelerated heat loss
due to wind, falls below freezing.

e Each Generator Owner/Operator should determine the duration that it can
maintain water, air, or fluid systems above freezing when offline, and have
contingency plans for periods of freezing temperatures exceeding this
duration.

Maintenance/inspections generally

14.  Generator Owner/Operators should ensure that adequate maintenance
and inspection of its freeze protection elements be conducted on a timely and
repetitive basis.

The task force found a number of inadequacies in generating units’
preparations for winter performance. These included a lack of accountability and
senior management review, lack of an adequate inspection and maintenance
program, and failure to perform engineering analyses to determine the correct
capability needed for their protection equipment.

The task force recommends the following:

e Each Generator Owner/Operator’s senior management should
establish policies that make winter preparation a priority each fall,
establish personnel accountability and audit procedures, and
reinforce the policies annually.

e Each Generator Owner/Operator should develop a winter
preventative maintenance program for its freeze protection elements,
which should specify inspection and testing intervals both before and
during the winter. At the end of winter, an additional round of
inspections and testing should be performed and an evaluation made
of freeze protection performance, in order to identify potential
improvements, required maintenance, and freeze protection
component replacement for the following winter season.

e Each Generator Owner/Operator should prioritize repairs identified
by the inspection and testing program, so that repairs necessary for
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the proper functioning of freeze protection systems will be
completed before the following winter.

e FEach Generator Owner/Operator should use the recommended
comprehensive engineering analysis, combined with previous
lessons learned, to prepare and update a winter preparation checklist.
Generator Owner/Operators should update checklists annually, using
the previous winter’s lessons learned and industry best practices.

Specific Freeze Protection Maintenance ltems

The task force found that many generating units tripped, were derated, or
failed to start as a result of problems associated with a failure to install and
maintain adequate freeze protection systems and equipment. Based on these
findings, on an examination of freeze protection systems of many of the affected
generating units, and in some cases on standards issued by the Institute of
Electrical and Electronics Engineers, the task force has prepared a number of
recommendations designed to prevent a repeat of the spotty generator performance
experienced during the February cold weather event. Of course, specific actions
should conform to best industry practices at the time improvements are made, as
well as to the requirements of any mandatory winterization standards imposed by
regulatory or legislative bodies.

Heat tracing

15.  Each Generator Owner/Operator should inspect and maintain its
generating units’ heat tracing equipment.

Specifically, the task force recommends:

e Each Generator Owner/Operator should, before each winter begins and
before forecasted freezing weather, inspect the power supply to all heat
trace circuits, including all breakers and fuses.

e Each Generator Owner/Operator should, before each winter begins and
before forecasted freezing weather, inspect the continuity of all heat trace
circuits, check the integrity of all connections in the heat trace circuits, and
ensure that all insulation on heat traces is intact. This inspection should
include checking for loose connections, broken wires, corrosion, and other
damage to the integrity of electrical insulation which could cause grounds.

e Each Generator Owner/Operator should, before each winter begins, inspect,
test, and maintain all heat trace controls or monitoring devices for proper
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operation, including but not limited to thermostats, local and remote alarms,
lights, and monitoring cabinet heaters.

e Each Generator Owner/Operator should, before each winter begins, test the
amperage and voltage for its heat tracing circuits and calculate whether the
circuits are producing the output specified in the design criteria, and
maintain or repair the circuits as needed.

e Each Generator Owner/Operator should be aware of the intended useful life
of its heat tracing equipment and should plan for its replacement in
accordance with the manufacturer’s recommendations.

Thermal Insulation

16.  Each Generator Owner/Operator should inspect and maintain its
units’ thermal insulation.

Specifically, the task force recommends:

e Each Generator Owner/Operator should, before each winter begins, inspect
all accessible thermal insulation and verify that there are no cuts, tears, or
holes in the insulation, or evidence of degradation.

e Each Generator Owner/Operator should require visual inspection of thermal
insulation for damage after repairs or maintenance have been conducted in
the vicinity of the insulation.

e Each Generator Owner/Operator should ensure that valves and connections
are insulated to the same temperature specifications as the piping connected
to it.

e Each Generator Owner/Operator should be aware of the intended useful life
of the insulation of water lines and should plan for its replacement in
accordance with the manufacturer’s recommendations.

Use of Wind breaks/enclosures

17.  Each Generator Owner/Operator should plan on the erection of
adequate wind breaks and enclosures, where needed.

Specifically, the task force recommends:
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e A separate engineering assessment should be performed for each generating
unit to determine the proper placement of temporary and/or permanent
wind breaks or enclosures to protect and prevent freezing of critical and
vulnerable elements during extreme weather.

e Temporary wind breaks should be designed to withstand high winds, and
should be fabricated and installed before extreme weather begins.

e Generator Owner/Operators should take into account the fact that sustained
winds and/or low temperatures can result in heat loss and freezing even in
enclosed or semi-enclosed areas.

Training

18.  Each Generator Owner/Operator should develop and annually conduct
winter-specific and plant-specific operator awareness and maintenance
training.

Operator training should include awareness of the capabilities and
limitations of the freeze protection monitoring system, proper methods to check
insulation integrity and the reliability and output of heat tracing, and prioritization
of repair orders when problems are discovered.

Other Generator Owner/Operator Actions

19.  Each Generator Owner/Operator should take steps to ensure that
winterization supplies and equipment are in place before the winter season,
that adequate staffing is in place for cold weather events, and that
preventative action in anticipation of such events is taken in a timely manner.

Specifically, the task force recommends:

e Each Generator Owner/Operator should maintain a sufficient inventory of
supplies at each generating unit necessary for extreme weather preparations
and operations.

e Each Generator Owner/Operator should place thermometers in rooms
containing equipment sensitive to cold and in freeze protection enclosures
to ensure that temperature is being maintained above freezing and to
determine the need for additional heaters or other freeze protection devices.
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e During extreme cold weather events, each Generator Owner/Operator
should schedule additional personnel for around-the-clock coverage.

e Each Generator Owner/Operator should evaluate whether it has sufficient
electrical circuits and capacity to operate portable heaters, and perform
preventive maintenance on all portable heaters prior to cold weather.

e Each Generator Owner/Operator should drain any non-critical service water
lines in anticipation of severe cold weather.

Transmission Facilities

20.  Transmission Operators should ensure that transmission facilities are
capable of performing during cold weather conditions.

Transmission Operators reported several incidents of unplanned outages
during the February 2011 event as a result of circuit breaker trips, transformer
trips, and other transmission line issues. Although these outages did not generally
contribute materially to any transmission limitations, some transmission breaker
outages did lead to the loss of generating units. Many breaker trips were the result
of low air in the breaker, low sulfur hexa-fluoride (SF¢) gas pressure, failed or
inadequate heaters, bad contacts, and gas leaks.

Specifically, the task force recommends:

Transmission Owner/Operators should ensure that the SF¢ gas in
breakers and metering and other electrical equipment is at the

correct pressure and temperature to operate safely during extreme
cold, and also perform annual maintenance that tests SFg breaker
heaters and supporting circuitry to assure that they are functional.

Transmission Owner/Operators should maintain the operation of
power transformers in cold temperatures by checking heaters in the
control cabinets, verifying that main tank oil levels are appropriate
for the actual oil temperature, checking bushing oil levels, and
checking the nitrogen pressure if necessary.

Transmission Owner/Operators should determine the ambient
temperature to which their equipment, including fire protection
systems, is protected (taking into account the accelerated cooling
effect of wind), and ensure that temperature requirements are met
during operations.
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COMMUNICATIONS

21.  Balancing Authorities should improve communications during extreme
cold weather events with Transmission Owner/Operators, Distribution
Providers, and other market participants.

During the February event, ERCOT communicated with Transmission
Owners and Transmission Service Providers (an ERCOT-specific term)
concerning the initiation of load shedding and the subsequent restoration of
service. These communications appear to have been made in accordance with
applicable ERCOT Operating Guidelines and Reliability Standards. However,
ERCOT and several of its Transmission Service Providers that were responsible
for curtailing firm load suggested areas for improvement in communications.

Transmission Service Providers are dependent on ERCOT for much of their
information on ERCOT-wide system conditions, as they do not have information
regarding generator trips beyond those on their own systems, and can only track
ERCOT-wide system status by monitoring ERCOT’s posted Physical Response
Capability levels or monitoring frequency levels. Some of these Transmission
Service Providers suggested that ERCOT should have communicated concerns
about deteriorating conditions much earlier than it did.

A task force appointed by ERCOT’s Board of Directors to look into the
February 2 rolling blackouts concluded that there was a need for earlier
dissemination of operational information to Transmission Service Providers and
Distribution Service Providers (an ERCOT-specific term) during the period
leading up to a possible emergency, a conclusion with which this task force
agrees.

22. ERCOT should review and modify its Protocols as needed to give
Transmission Service Providers and Distribution Service Providers in Texas
access to information about loads on their systems that could be curtailed by
ERCOT as Load Resources or as Emergency Interruptible Load Service.

Some ERCOT Transmission Service Providers expressed concern that they
have virtually no information regarding loads on their own systems that may be
deployed by ERCOT as Load Resources or Emergency Interruptible Load Service
resources. These loads contract directly with ERCOT, and the Transmission
Service Provider does not receive information about their status. When these
loads are shed by ERCOT without prior notification to the Transmission Service
Providers and Distribution Service Providers, they have the potential to cause
localized imbalances in line flows, voltages, and other system parameters that may
be problematic.
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The task force suggests that ERCOT share information about the status of
these loads with Transmission Service Providers on a daily basis, and study the
effects of the loss of large blocks of these loads on the transmission grid.

23. WECC should review its Reliability Coordinator procedures for
providing notice to Transmission Operators and Balancing Authorities when
another Transmission Operator or Balancing Authority within WECC is
experiencing a system emergency (or likely will experience a system
emergency), and consider whether modification of those procedures is needed
to expedite the notice process.

The Task Force observed a lag in communicating a declared system
emergency in WECC. In one instance, a Reliability Coordinator did not issue an
EEA 3 declaration until seven minutes after the decision had been made to do so;
the delayed declaration appeared to have been the first official notice by the
Reliability Coordinator to other WECC entities of the seriousness of the
generation failures on the system of the Balancing Authority in question.

24.  All Transmission Operators and Balancing Authorities should examine
their emergency communications protocols or procedures to ensure that not
too much responsibility is placed on a single system operator or on other key
personnel during an emergency, and should consider developing single points
of contact (persons who are not otherwise responsible for emergency
operations) for communications during an emergency or likely emergency.

The task force’s review of incidents during the event, as well as of
operating procedures and protocols in place at the time, indicated that critical
employees such as operators had numerous responsibilities that, while manageable
in non-emergency situations, could prove impossible to meet during the often-
compressed time frame of an emergency situation. In at least one instance,
overloading a single on-call operations representative appears to have led to a
delay in making emergency power purchases.

LOAD SHEDDING

25.  Transmission Operators and Distribution Providers should conduct
critical load review for gas production and transmission facilities, and
determine the level of protection such facilities should be accorded in the
event of system stress or load shedding.

Keeping gas production facilities in service is critical to maintaining an

adequate supply of natural gas, particularly in the Southwest where there is a
relatively small amount of underground gas storage. And keeping electric-
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