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Preface

The North American Electric Reliability CorporaiiNiERCis a not-for-profit international regulatory authority

whose mission is to ensure the @dility of thebulk ppwer system(BPS)n North America. NERC develops and
enforcesReliability Si I Y RF NRaT FyydzZ tfe FaaSaaSa aSl aBPghrdughl yR f
system awareness; and educates, traing/ R OSNIAFTASA AYRdZAGNE LISNBR2YYSt ®
continental United States, Canadand the northern prtion of Baja California, Mexico. NERC is the electric
reliability organizatiofEROJor North America, subject to oversight by the Federal Energy Regulatory Commission
(FERCAnd governmental authorities in Canada9 w/ Qa 2 ideNifled deks mdrayid operators of the
BPS$which serves more than 334 million people

The North American BPS is divided into several assessment areas within the eight Regior{RIEmaiiymdaries,
as shown in the map and corresponding table below.

FRCC | Florda Reliability Coordinating
Council

MRO | Midwest Reliability Organization
NPCC | Northeast Power Coordinating
Council

RF ReliabilityFirst

SERC | SERC Reliability Corporation
SPPRE| Southwest Power Pool Regional
Entity

TRE Texas Reliability Entity

WECC | Western Electriity Coordinating
Council
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Executive Summary

This report describes what happened during the polar vortex and why some of the conditions occurred, and it
presents lessons learned and recommendations for future actionsarly January of@®.4, the Midwest, South
Central and East Coast regionsiérth America experienceglweather condition known asgmlarvortex, where

extreme cold weatheconditionsoccurredin lower latitudesthan normal resulting in temperatures 20 to 30F

below aveage me areasfaced daysthat were 35 F or more below their averagéemperatures These
temperaturesresulted in record high electrical demand for these areas on January 6 and again on January 7, 2014.

During thepolar vortex, the cold weather also areased demand for natural gashichresulted in a significant
amount of gadired generation being unavailable due to curtailments of @atancing Authoritie¢éBAskhnd Load
ServingEntitiesin both the Electric Reliability Council of Tex&RCOjTand the Easterninterconnection were
mostly able to maintain theipperating reserve margins and serd@m load By properly and appropriatéy
communicaing through the NERC Energgné&rgency Alert (EEA) procassinginterruptible load, demandside
managemett tools, andvoltage reductiononly oneBAwasrequired to shedirm load. The amount shed was
less than 300 MW, representing less thah@ercent of thetotal loadfor the Eastern and ERC@ierconnections
Many outages, including a number of thosetlie southeasternUnited Stateswere the result otemperatures
that fell belowaLJt | geSighdasis.

Generation facilities have made improvements in their winter preparation activities since February 2011;
however, every extreme event provides insidbit future improvements. Generation facilities across all Regions
have indicated that they have reviewed implemented recommendationfom the February 2011 Southwest
Cold Weather Event Lessons Learresl well as theGeneraing Unit Winter Weather Reddessreliability
guideline.

SystemOperatorshad many challenging decisions to make as a result of lost capacity dodmweather
conditionsexceeding the design basis of generating yratsd from the lack ofavailability ofnatural gas They
successflly maintaired reliability through extensiveraining and preparation For example, dring the polar
vortex, severalSystem Operatorgsed load reductiotechniguessuch as voltage reduction or interruptible loads
They alsanade effective use of emergengyocedures to manage loads and generation.

While the NERC Event Analysis process has clearly defined categories for electric disturbances in small defined
geographic areas,dsed on thecombinedunintended loss of generatioduring the threeday period(January 6

8), this event reached the equivalent oh&RO EventralysisProcesdevel of Category funintended loss of

more than 10,000 MW of generatio}yECC and the majority of the Canadian entities are not included in this
analysisas the report idased on the geographic areas that observed effects of this extreme.event

The report also contains more than a dozen observations and recommendations to improve performance ahead
of and duringcold weather events. The recommendations include:

1 Review natwal gas supply and transportation issues and work with gas suppliers, makdtsegulators
to develop appropriate actions.

Review and update power plant weatherization programs, including procedures and staff training.
Continue or consider implementirggprogram for winter preparation site reviews at generation facilities.

Review internal processes to ensure yhaccount for theability to secure necessary waivers of
environmental and/or fuel restrictions.

1The term for all activities or programs undertaken by L-8adving Entity or its customers to infhee the amount or timing of electricity
they use.
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Executive Summary

Continue to improve operational awareness ottfuel status and pipeline system conditions for all
generators.

Include in winter assessments reasonable losses ofigabs generation and considerations of oil burn
rates relative to oil replenishment rates to determine fuel needs for continuous ojerati

Ensure that orsite fuel and fuel ordered for winter is adequately protected from the effects of cold
weather.

Consider(where appropriat¢ the temperature design basis for generation plants to determine if
improvements are needed for the plants to hétand lower winter temperatures without compromising
their ability to withstand summer temperatures.

Review the basis for reporting forced and planned outages to ensure appropriate data for unit outages
and deratings.
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Introduction

Review of Polar V ortex Weather

The effects of theolar vortexin the United States wermitially felt in the far northwestern portion of the MRO
footprint, but these low temperatures quickly spread teearly all portions of the Eastern andexas
Interconnectiors. In many areas in the United Statedsemperatures were farcolder than those normally
experierced in winter, resulting in record winter peak electric demands associated with increased electric heating
requirements.

The average daily teperature for the United $iteson January 6 was calculated to be 1#7957.8° C). The last
time the averae for the country was below 2&was January 13, 1997. Thisyiéar period without the national
average for theUnited States dropping below 1& is the longest gap on reo and, since then, a significant
portion of the generating fleet is now fueled by natural §&3n January 7, at least 49 record leemperatures
were set across North America.

Asshown in Table 1 anddures land 2 the polar vortex started in thenorthern Great Plaingnd movedsouth
andeast. The seleatd cities are representative the Regional Entitiesffected by the extreme coldnd are also
large load centers

dlDIE H Crdf]c ' 5 e [] C L= — [
%, ) 'y 4 o 4 1
”o%a ‘"4,% f(% ) % G‘@% %% %ﬁ ﬁ":ﬁ,@( %,
] o,
% o - -2 % %/,- % o, %
", ¢ B N F % \Ef N\ b N0 \ %

Avg. High/low® | 24/8 | 32/19 | 40/23 | 56/37 | 36/23 | 35/21 | 55/35 | 43/29 | 38/27

Observed 5-Jan-14 | -2/-20 | 31/-1 | 33/1 | 60/22 | 55/27 | 35/5 | 50/37 | 42/31 | 40/27

Observed 6-Jan-14 |-12/-23| -1/-15 | 2/-7 | 33/14 | 33/-7 | 5/-15 | 60/21 | 49/11 | 55/19

Observed 7-Jan-1a | 5/-15 | 5/-11 | 22/-14| 47/22 | 11/-7 | 8/-14 | 30/15 | 21/6 | 19/4

Observed 8-Jan-1a | 4/-11 | 15/-2 | 32/15 | 49/38 | 26/10 | 25/6 | 46/18 | 31/13 | 22/9

2Borenstein, SethwWl ydzt NB mnX wamn® b2SFEIKSNI gAYLIAKE {FfAaodaNE t2add ! aas
3 These high and low temperatures were gathered framw.accuweathercomand represent the both the average and actual high and
low temperatures experienced during this timeframe
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Introduction

Departure from Normal Highs (Fahrenheit)

B5-lan-14 mE-Jan-14 J-lan-14 B-larr14

Figure 1: Departure from Normal High Temperatures

Departure from Normal Lows (Fahrenheit)

| |
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Figure 2: Departure fr  om Normal Low Temperatures
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Introduction

The most significant impacts the BPS irthe MRO Rgionbegan on January, 2014 and persisted through
January 72014 The extremely cold temperature asthe primaryimpacting factoy but heavyprecipitationalso
affected large portions of theRegion. Temperatures in many areas were tbheest experienced in 20 years.
Minneapolis, where the average hifdr early Januaris 23 F, experienced2 consecutive hours belo@’ Ffrom
January 5o January 7.

As thepolar vortexextended south and east, it also began to impact the SPP, TRE, RF, SERC, and NPCC Region:
Entities. As a result, the majority tife Easterrand ERCOIhterconnectiors experiencedsimilar variances from

normal For exampleSt Louis experienadtemperaturesup to 38 Fbelow norma) and Chicagaup to 34° Fbelow

normat other parts of the country experieedtemperatures betveen 23 and 30Fbelownormal. Inindianapolis

where they normally experiencaverage highsf 35° Fduring this periogdtemperatures remained belovd® Ffor

33 consecutivehours.

Temperatures in the Canadian regions of MRO were even colder and started earlier. Saskattirewstance
started to experience theolar vortex beginning the evening of January 3, with the greatest iohpa the nights
of January Jand 6 Additionally,the city of Regina Saskatchewarell to below0° Ftemperatures the night of
Friday January 3, and did not climb abo®®Funtil January 8. Winnipedvanitobaexperienced a similar plunge
in temperaturewith the mercury falling te31° Fon the night of Saturdaylanuary 4, 2014 The night of January
5, 2014 they experienced a low of36° F. The temperature in Winnipegdjd not climb back abov@° F until
ThursdayJanuary 92014.

As shown in Figure 8nd Table 2, these lower temperatures had a drastic impact on load, with many of the
Reliability Coordinators (RC(e.g, Midcontinent Independent System Operator (MISO), PIJM Interconnection
(PJM), the Tennessee Valley Authority (TVA), the VACAR So(MARE RC), and SoutheastR reporting

record or neairecord winter peak demands. PJM exceeded its historic winter peak on both January 7 and January
8, 2014 and MISO reported that they exceeded their historic winter peak for three straight daysa(yaia,

2014).

Historic winter Peak Vs
Polar Vortex Loads

160,000
140,000

120,000

100,000

g 80,000
60,000
40,000
20,000

0

MISO PJ

M TVA SPP TRE

NYISO ISO-NE Southeastern VACSRC FRCC
RC

M Previous Winter peak (% of previous peak) 6-lan-14 7-lan-14 M 8-Jan-14

Figure 3: Historic Al -Time Winter Peaks vs . Polar Vortex Loads

NERC Polar Vortex Reviewy September 2014
Vi



Introduction

As sea in Table2 and Figure 3each of the RC areas were experiencing either new peak vetgetricloads or
loads that were close to the previoa#i-time winter pe&k, with eight ofLlOareas setting new atime peaks either
on January 6 or 7, 2014. VACS RC experienced a new winter electric load peak that was geroshigreater
thanthe previous attime winter peak.

: Historic Winter Peak Loads vs . Polar Vortex Loads by Percentage
South VACS
MISO PIM NYISO| ISGNE | eastern TVA RC SPP | ERCOT| FRCC
RC
Previous
Winter

peak (Yof | 99,855 136,675 25,541 22,818 46,259 43,384 42,983 32,635 57,265 36,926
previous

peak)
6-Janld 131142 | 23,197 | 18,500 | 44,871 43,277 56,031 30,231
(955%) | (90.8%) | (81.1%) | (97.0%) | (99.8%) (97.8%) (81.9%)
7.Janla | 104,746 21,300 44,654 | 36,079 35638
(104.9%) (93.3%) (103.9%) | (110.6%) (96.5%)
g.an14 | 100154 | 133288 | 24551 | 20,800 | 47,005 39,820 | 43,203 | 31,944 | 45,281 29,251

(100.3%)| (98.1%) | (96.1%) | (91.2%) | (101.8%) | (91.8%) | (100.8%) | (97.9%) | (79.1%) | (79.2%)

Historic Winter Peak Vs Polar Vortex Loads by Percentage

140.0%

120.0%

100.0%
80.0%
60.0%
40.0%
20.0%

0.0%
MISO NYISO I1SO-NE Southeastern VACSRC FRCC
RC

m%peak 1/6 m% peak 1/7 m% peak 1/8

Figure 4: Historic All  -Time Winter Peaks vs . Polar Vortex Loads by Percentage

With the significantemperaturedeviations and the accompanying increaseelectric demandver such a wide
area, itwas challengindor BAsto supplysufficientgeneration totheir areas, therefore making it challenging to

4 Highlighted blue squares represent newtatie winter peak loads
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Introduction

supply assistance to neighborinBAs The peak loads experienced January7 Gexceeded the combined
noncoincident peaks achieved previously. On January 7, the combined load for the imBasieds 559,000
MW, or just undei3 percent higher than the nonsimtaineous historical peak

NERC Polar Vortex Reviewy September 2014
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Chapter 1 i Method of Analysis

GADS Data Review and Validation

NERC introduced the Generating Availability Data System (GADS) iGA@8atais used to calculate important
performance statistics and supports bulk power tdeanalysis by providing information on forced outages,
maintenance outages, planned outages, aletates The NERC Board of TrustéBeard)approved mandatory
reporting of data to GAD®r conventional generating units on August 4, 2011. Renewable geoer@tind and
solar) are not part of the mandatomjata submittalrequirements. The MW size of the conventional units was
phasedin, with units having a nameplate rating of 50 MW and larger starting January 1, &tdthosewith a
nameplate rating of 20MW and larger starting January 1, 2013. GADS data is collected frGenaitator Owners

on the NERC Compliance Registry under ERGles of Procedures Section 1600, Request for Data or
Information. Generating units less than 20 MW are encouraged torteymit information on a voluntary basis.

NERollects the equipment information by class of outage and calculates statistots as=quivalent Forced
Outage Rate (EFOBR3IngIEEE Standard 7@&fefinitions thereby ensuring ahigh level of confidence that the
statisticsare calculated in a uniform process using an induapgroved method. Analysis of GADS data provides
trend information on forced, maintenance, and planned outages and derations.

Further, NERollects information orthe fuels burned anduel-switching activities (coal to gas, oil to gas, and
bio-fuels to other fuels). Since GADS was a voluntary database prior to 2012, analysis of data prior to 2012 provides
partialinformation. Additionally, since units less than 50 MW but greater tt&aMEV were not reportedo NERC

until 2013, analysis of 2012 data may be biased toward larger units. With thetsgsin mind, NERC examined
GADS data to determine an expected EFOR fopdiar vortextime period. The complete summary of the data
analyss is provided in Appendix A.

NERGQisedthe GADS information to analyze generator availability duringpiilar vortex A list of generation
outages due to planned and forced outages could be obtained, as well as analysis of forced outage cause codes.
Thisdatawas used to determinthe amount of generation that was forced out specifically due toghlar vortex

as opposed to generation that was forced out due to other operational parameters.

GADS also collects additional generation information on antaty basis. Examples of this information include
reasons forderates verbal descriptions of outages, and explanatory cause codes. This information is extremely
useful in analyzing individual events, but providasited value when calculating trends ofegormance
characteristics.

Since GADS is used to examine trending information on a high level, the system had never been used to analyze
performance information for generatg unitson as granular a scale as that required for gadar \ortex. This
presented a few challenges in data validation.

The NERC Performance Analysis staff began by obtaining a list of all generation that had reported outages in GADS.
The NERC Event Analysis staff then compared the forced outagedesatibrns list with analysishiat was
performed by various NERC Regidaatitiesand registered atities. Discrepancies were sent to the respective
Regional Entities for validation and correction. After a period of examination of gemergtage data by Regional
Entities, 95 percentof generation outagelataduring thepolar vortexwas validated

NERC Polar Vortex Revieyy September 2014
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Chapter 2 1 Effects

System Operations

System Operators had many challenging decisions to make as a result of lost capacityofhomeather
conditionsexceeding the design basis of gerterg units and from lost fuel due to the lack ofatural gas
transportaion. Theysuccessfully mainta@d reliability throughpreviousextensivetraining, preparation, and use
of tools

One of the largest issues impacting diasd generation was the ctailment or interruption of fuel supply. Unlike
other fuel sourceE Yy I (G dzNJ f 3l & Aad YSBYSUROROEt NBEfali2NERB2YymaA
from their suppliersWhenunits are not confident that they will be dispatched, the fisgften obtained on the
spotmarket on a nodfirm, interruptible basis. Therefore, if firm contracts are honored before interruptible
contracts if the firm customers require more gas, and the capacity of the gas transportation is based on firm
contracts less capacity is available for interruptible supply. This can result in generating units becoming
unavailable as there is no pipeline capacity to supply interruptible gas.

Extreme cold weather also had a major impact on gerwratjuipment. Of the apmximately 19,500 MW of
capacity lost due to cold weath@onditions over 17,700 MW was due to frozen equipmeltany outages,
including a number of those in theostheasternUnited Stateswere the result otemperaturesthat fell below

the LJt | gledigdldasisfor cold weather At the height of generationutages (January 7 at 0800) theusheastern

United Statesaccounted forapproximately9,800 MWof the outages attributed to cold weather.

With the extended duration weather patteraffectingmost of the Easterninterconnection,several of the RCs
used load reduction procedures such as voltage reductitarruptible loads anddemandside managementn
only two instances were these procedures used to maintain generating res&di®bkused voltage redtion to
maintain reserves, and South Carolina Electric and(&@&&G3hed less than 300 MW of firm load, while also
using voltage reduction to maintain reliable operation of Bi@SWhile the shedding dirm loadis typically used
as a last resort, it critical thata minimum level of generatingserves be maintained to ensure that the reliability
of the BPS is not jeopardizetbr the loss of the next contingencgnd that it is restoredvithin the appropriate
time frames after a contingency occurs.

Many areas made effective use of emergency procedures to manage loads and generation. They provided
notification to industry through tools such as the Reliability Coordinator Information System (RCIS) and conference
calls. For example, MISO issued a Gdddhther Alert for portions of its footprint on January 2 that was effective
January 50n January MISO also declared a Conservative Operations period for January 5. Although MISO did
not direct any emergency demand reductions, some of their memberd uskeintary load reduction procedures

at various times during this period.

RCasused voltage reduction and public appeals during the eagidprovided emergency energwhenavailable

to other BAsin need. For exampl®&ew York ISQNYISOappealed to tkeir customers to conserve energnd at
the request of PIMNYISO also usedemandside management resources to create additional capacity to provide
assistance to prevent the sheddii firm loadin the neighboring PIJM area. Also, i8&v England (ISRE)
provided assistance to PJM by dispatching additional units. In additiotNES€sued theiMaster/Local Control
Center Procedure No. 8Abnormal Conditions Alegéto ensure thatno scheduled work was performed on active
equipment Neither TVASoutreastern RCnor SPP RCs made use of emergency procedwes as voltage
reductionsor load shedding.

NERC Polar Vortex Revieyy September 2014
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Chapter 2¢ Effects

In Texas, ERCOT declared an Energy Emernty(EEA) Level 1 and then an EEA Level 2, primarily due to the
loss of a number of generating units duy the morning load ramp. They were able to recover wittia hours

and 11 minutes by deploying N&8pin Reserve Service (NSRS), Responsive Reserve Servignématorsload
resourcesand Emergency Response Service (ERS)

Two RCs thatlsoexperienced challenges were théACRCand PIM. INACS R®vo BAs experienced difficulties
when faced with the cold weathef.heSCE&®Aexperienced recoreélectricdemandthe evening of January 6,
2014, andhe morning of January 7, 2014. During that tin88E&Jost more than 850 MW of generation from
multiple sourcesSCE&G addressedgtoss of generation by following internal company procedunésch called

for implementation of local and resensharing group reservesptaining Emergency Assistancerfr neighbors
and neighboring RCsise of customer standby generators and curtailment of retail interruptible contract
customers, appeals for conservation, distributiewel voltage reduction, and controllditrm load shed when
reserves were not availabler a period. All actions taken by SCE&G were intentiandlin accordance with
regulatory requirements.

Additionally, on January The Duke Energy Progress (DER)olina Power and Light Ea€iPLJEand Carolina

Power and Light WesCPLVYBAs experieced alitime peak demand durinthe hour ending 8:00a.m. Demand

side managementesources, includingn initial2.9percenta @ a 4 SYNM G A RS @2t G+ 3S NBRdAzO A
curtailment rider, general public appeal for conservation, and a water heate strip heat control programvere

deployed in the DEP TOP/BA footpriAs part of its General Load Reduction Plan, and while in a NERC Energy
Emergency Alert Level ZPLE and CPLBMssubsequentlyactivated a5 percentd & & (i S YWattggarédSction

on the distribution system for their footprints at 7:58m. Through the use of generation and demaside
management resourcethe CPLEand CPLW & ¢SNB |6t S G2 ASNBS |y FftmidAa
firm load

The second RC that experiencedalddnges was PJMOn January 3,hey issued a Cold Weath Alert at
approximately 11:00 a.m. for Januarg76 In addition, they successfullgad emergency procedures and the EEA
process to maintain their required level of reserves. Some of the actiorentaicluded scheduling shared
reserves from NYISO and 188, issuingERsusing demand responsand initiating & percentvoltage reduction
across a portion of their operating area.

Figure 5 illustrates the challenges experienced ¥gtem Operators with regard to generation capacity
unavailability during the study period. The graph shows the cumulativeunt ofMW unavailable due tdorced
outages irthe followingfive general categories:

1 Unrelatedg Outages not related to cold weather or the extresngresented by the polar vortex
1 Unknowng Outages still under review to determine cause

1 Miscellaneoug Outage types potentially related to extreme cold weatleig, opacity issues

1

Coldg Outages directly attributable to cold weather, includingsite fuel issues such as frozen coal piles,
frozen equipment and/or sensors under the control of the generating plant, and gelled fuel

1 Fuelg Outages that are directly related to the inability of the plant to receive fuel from their provider

5 An Energy Emergency is a condition when a i®emting Entity hasexha®R I £ f 20 KSNJ 2LJiA2y&a | yR Oly y2
expected energy requirements.

6 An emergency service consistent with P.U.C. SUBST. R. 25.507, Electric Reliability Council of Texas (ERCOT) EmergSwyiBespons
(ERS), used during an Enemergency Alert (EEA) Level 2 to assist in maintaining or restoring BR@@ilfrequency. ERS is not an
Ancillary Service.
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Chapter 2¢ Effects

NERC (excluding WECC): Cumulative Impact of Outage Type Vs
Temperature (F)
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Figure 5: Tota | Outages in the Eastern Interconne ction and ERCOT by Outage Typev s.
Temperature

The North American temperature displayed in Figure 5 represents an average of seven selected cities in the
approximate geographic centers of the seven studregjions. The edected cities for each NERC Region are
identified in the legends of Figureg®. It is important to note that Figures;52 are not normalized in any
manner; thus, the additive number of the forcedt rate is understandably higher based on the greatembar

of generators being dispatched. Additionally, figures do not maintain the same scale for total-faric&tiV

values so that the relationships can be clearly seen between temperature and the outages.

Units were called on to start or increase outpw #he cold air mass swept down into the United States. The
SEGNBYS 6SIGKSNJ OKIffSyaSR (KS dzyAiaQ LINBLI NBRySaa
either forced outages oderaings Once the cold air was established and units wenening, the outages
unrelated to cold weather maintained a fairly consistent rate throughout the remainder gboke vortextime

frame even though the number of generators and their individual run times were significantly increased.

All areas of the Edern andTexasInterconnections were impacted by thgolar vortex These impacts were
partially the result of the severe and extended cold spell, but there was also a significant reduction of generating
capacitydue to curtailments and interruptions of haal gas deliveryThe cold weather and issues from fuel
combined for over 35,000 MW of outagdsringthe height of thepolar vortexweather conditions

One of the largest issues impacting diasd generation was the curtailment or interruption of fuslpply. Unlike
other fuel sourcesnatural gas is not typically stored @A 4§ S® ! & | NBadzZ 6§ ISYSNIF G2N
natural gas from their supplier@ften, as units are not confident that they will be dispatched, the fuel is obtained

on the spotmarket as an interruptible fuel supply.
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Chapter 2¢ Effects

Extreme cold weather also had a major impact on germ@raguipment. Of the approximately 19,500 MW of
capacity lost due to cold weath@onditions over 17,700 MW was due to frozen equipmeltany outags,
including a number of those in thestheasternUnited Stateswere the result otemperaturesthat fell below
the LJt | gledign dasifor cold weather At the height of generationutages (January 7 at 0800) theusheastern
United Statesiccounted fo approximately9,800 MWof the outages attributed to cold weather.

Ly GKS F2fft26Ay3d aSOliAazyar SIOK wS3IaAazyQa F2NOSR 2d
temperature overlaid. A large city close to the center of the Region was edlextepresent the temperature for

the Region over the 6R8our period. For example, Orlando was cho$aenthe FRCCdgion, and Pittsbrgh, PA

was chosen for the REegion. However, cities near large moderating bodies of water, such as New York, Cleveland
and Chicago, were avoided. While these are large cities with signiitecttic loads, those temperatures may

not reflect thetemperatures experienced by tHeEas a whole.
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Florida Reliability Coordinating Council

FRCC: Cumulative Impact of Qutage Type vs Temperature (F)
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Figure 6: FRCC Cumulative Impa ct of Outage Type v s. Temperature (F)

While the majority of the outages in FRCC were unrelated tqtiar vortex there was aixhour period wth
102 MW of colegrelated outages. Additionallyseveral unitg303 MW)ran into emissionselated outages ath
derations. Otherwise, the FRGRegiondid not experience significant impacts to their system during gb&ar
vortex ThoughFRCGs typically animporting Region it was able to export 1,500 MW to aid the SHR&gjion
during thepolar vortex
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Midwest R eliability Organization

MRO: U.S. Cumulative Impact of Outage Type vs Temperature (F)
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Figure 7: MRO (US): Cumulative Impact of Outage Type vs. Temperature (F)

As shown in Figure 7, unrelated outages were the majority of the generator outages in the MRQ Region
prolonged sukzero weather eventually resulted if,379 MW of coldveatherrelated impacts. MRO also
experienced as much as 820 MW of generation loss due to fuel issues)eaitly 620MW due to curtailments
and interruptions of natural gas delivery to the plant. As shawiigure 7only seven of thé0 hours of interest
were above OFin Minneapolis, MN.

MRO Generator Owners were prepared for the extreme dmdausethe design basis fogeneratos in MRO
accouns for operation in temperatures well below freezin@’(F is the historical average low January).
Additionally, Generator Ownersecognize the reliability significance of outages and the market incentives for
availability and continue to look for ways to improve capacity availability during cold weather. For example,
aL{hQa 9f &@af Gk Coortinatidon Task Force is exploring solutions regarding emerging natural gas
issues. The MISO Reliability Subcommittee reviews seasonal preparatgersdogition ownergnd Transmission
Owners including cold weather readiness. Additionalthe MISO Supply Adequacy Working Group (SAWG)
evaluates appropriate accounting of generation capacity in the Planning Reserve Margin (PRM) calculations and
accreditation of capacity to meet the PRM requirements. Currently the SAWG is considering chamgitigefr

use of annual capacity values to the use of seasonal capacity values.

NERC Polar Vortex ReviewWy September 2014
7



Chapter 2¢ Effects

Northeast Power Coordinating Council

NPCC: Cumulative Impact of Qutage Type vs Temperature (F)
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Figure 8: NPCC (US) : Cumulative Impact of Outage Type vs . Temperature (F)

NPCC did not experience many cold weather outages at theddttire timeframe identified by this report, with

a peak of 518 MW of outages in the first 30 hours. However, as the cold air mass that comprigelath@rtex

made its way into the Northeast, NPCC did experience more outages from the stress ofrdmecgvent,
reaching up to 1,984 MW of lost capacity. A significant portion of theradéded outages, especially in the final
hours of thepolar vortexstudy period, were related to fugjelling issues. Of the 1,984 MW of celdather
relatedoutages r@orted at 1000a.m. on January 8, 2014, 7ROW were related to fuelgelling issues. Some a

fuel units experienced challenges ranging from a lack of natural gas required for starting the alternate fuel, to fuel
freezing in the injectors. While many digse unisgQ LINB LI NI G A2y a A yabfietawhoved S & G A
capability none of the testing was performed under the actual extreme conditi@sludng the fuelgelling
issues, the noitCanadian portions of NPCC experieneighthours in the tine frame of interestduring whichthe
amount of coldweatherrelated generatioroutagesexceeded 1,000 MW and never exceddnore than1,300

MW.

Excluding unrelated outages, outages relatectiotailments and interruptions of natural gas delivevgre the
significantcontributor of the NPCC generator outages. These outages totaled a maximum of 3,296 MW of
generators andas shown in Figur®, they significanly impaced bt / / W& 3ISY SN} GA2Yy NBa:z
approximately 1@0a.m. on January 7, 2014
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ReliabilityFirst

RF: Cumulative Impact of Qutage Type vs Temperature (F)
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Figure 9: RF: Cumulative Impact of Outage Type vs . Temperature (F)

ReliabilityFirst experienced the greatest numbergeheratoroutages of all the &jions. While some of these
outages were the result of cold weather, it was the numbgunits that were either unavailable or derated due

to the lack ofnatural gasavailabilitythat was the major issue for RF. This situation was exacerbated by the loss of
anatural gascompressor station in Delmont, PA on January 7, 2014, which redbeeatklivery capacity of the

Texas Eastern (TE) pipeline by 575,000 DTh/day. While the conversion of DTh/day to generating capacity can vary
depending on the specific generators and type of generation (simple cyatembined cyclefor instance), this
represents approximately 1,7@0,300 MW of generation running 24 hours a day. The variance depends on the
heat rates of the units involved, with the higher estimate obtained from the most efficient unit types.

Overall, RF experienced a maximum of just &800 MW of outages due to cold weather issues, and only 13 of
the 60 hours had 4,000 MW or more of cal@atherrelated outages. In contrast, RF experienced over 9,000 MW
of fuelrelated outages in 25 of the 60 hours of interest, and reached a peakelgagl of approximately 10,700
MW due to fuel.
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Chapter 2¢ Effects

SERC Reliability Corporation

SERC: Cumulative Impact of Qutage Type vs Temperature (F)
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Figure 1 0: SERC: Cumulative Impact of Outage Type vs . Temperature (F)

Figure DA K2¢a GKIFGO { 9w/ Qa Yderatigns relaidd @i vertexisstiaminscadv@athery R
impacting approximately 11,000 MW of generation at 8:00.an January 7, 2014. Of this generation capacity,
approximately 10,600 MW were related to equipment issues. These equipment issues included heat trace,
insulation, regulators reactindawly to change in pressures, frozen sensors, and even cold lubricants. Typically,
generationequipment in this geographical area is designed for an expected low’ ¢t The extreme departure

from design temperaturesoupled with severe wind chilgithin SERCesulted in significant impact to generation
capacity The extended time below freezing is extremely rare for tbeuthern United States with the
temperaturesoutsidemostwinter generation design characteristics.

As compared to otheRegions, tiel availabilityissuesplayeda small role within SERC, impagtapproximately
2,050 MW of generation. Thesmtages werdargelyrelated to curtailments and interruptions of natural gas
delivery to the plantThe grid within SERC performed extremely Weelthe conditions across the three dayss
mentioned above, he extended time of belowdesigncriteria conditions forthree daysimpacted the
performance of generator€Entities within SER@ve stated a thorough review of the event aradeview of ther
practicesand proceduregor winter preparation including those that were implemented as a result of the 2011
Southwest Cold Weather event
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Southwest Power Pool Regional Entity

SPP-RE: Cumulative Impact of Qutage Type vs Temperature (F)
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Figure 1 1: SPP: Cumulative Impact of Outage Type vs . Temperature (F)

PP was minimally impacted by the fuel outages, with a maximum of approximately 150 MW -oeflditedi
outages. Additionally, cold weather directly impacted a maximum of approximately 1,200 MW of generation, with
41 hours being under 700 MW of celtpactedoutages.Excluding-lorida, SPP experienced the lowest number

of coldimpacted outages, despite being one of the first areas impacted bpalta vortex
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Texas Reliability Entity

TRE: Cumulative Impact of Outage Type vs Temperature (F)
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Figure 1 2: TRE: Cumulative Impact of Outage Type vs . Temperature (F)

Texas Reliability Entity experienced a maximum of 3,087 MW ofnedther-related generationoutages but by

the end of the start of peak hours d&nuary 7, 2014he interconnectionhad completely recovered from the cold
weather issues. The coelthpaded generation capacity does not include over 700 MW of wind generation low
temperaturerelated trips which are currently not reported in GAD$hese outages were due to cold
temperatures outside the operating limits of the wind turbin@ased on GADS tia the maximum capacity
affected by forced outages amtrations was 11,385 MW.

Fuelrelated issues were fairly consistehbwever, ranging from a high of 2,309 MW down to a low of 1,634 MW.
These restrictions were the result of thatural gastranspatation system experiencing extremely high demand,
resultingin fuel restrictions to power plants located near a major metropolitan area
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Chapter 2¢ Effects

Generator Issues by Fuel Type
Figurel3illustrates the percentage of installed capacity sorted by the appropfisetypes located within the

Eastern andERCOTnterconnections. Of the three major fuel types, representing 83 percent of all generation,

over 40 percent is natural gas, 31 percent is coal, and 12 percent is nuclear.Jldghi@vs that of these three

fuel types, thepolar vortexhad the least impact on nuclear plants. Coal plants accounted for 26 percent of the

outages. Natural gas represented over 55 percent of the total outages during the polar vortex.

Capacity by Fuel Type Forced Qutage by Fuel Type
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Figure 1 3: Percentage of Net Dependable Capaci ty by Fuel Type (left) ; Percentage of
Capacity Lost During Polar Vortex by Fuel Type (right) in Eastern and ERCOT
Interconnections

One of the largest issudbat impacted gasfired generation was the curtailment or interruption of fuel supply.
Unlike coaknd fuel oil, natural gas is ntytpicallystored onsite. As a resulgenerators rely oNS | £ T A Y S
of natural gagrom their suppliersAs ratural gas is widely used outside the power sedioe,demand from other
sectorg in particularresidential heating demanduring cold winter weathar can critically affecthe ability of
pipelineoperators and supplier® delivernatural gas tahe power sector.

Cold weathereffects on equipment
The etreme o©ld weatherhad a major impact on generation equipme@f the approximately 19,500 MW of
capacity lost due to cold weather, over 17,700 M&s due to frozen equipment.

The followindist illustratessome of the challenges faced bgneratorownersand operatorsdue to the effects

of cold weather on equipmentThese challenges affected almost every dimension of the generdtiom
instrumentation, to fuel quality, to a#uel mix, etc.Newer generation uniGcold weather preparations were
tested for potentially the first time for theseemperatureextremes and manyolder units experienced extremes
beyond what they were designed to operat&he examples below are individual occurrences that are
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Chapter 2¢ Effects

representative of the challenges faced during this extreme period. Not all of these instances resulted in a forced
outage Yl y& 2dzad RSt I & SR { Hirfe ordegultad @ibie unitQderfathgi @ G2 O02YS 2y
Examples of extreme cold weather effects on generation:

1 Thedrum level transmitter sensing lines froaedicating a false drum level and consequently timgghe
boiler.

Moisture ingress caused gear boxes, valve positioners, and sobeauis to fail due to freezing.
Heat trace electric circuits not working prior to the event tripped during the event, or were miswired.

Gold air backflow down the stack and into the boiédfected performance

= =| =4 =4

During startup from the previous outage, ¢hB phase stab disconnect was not fully engagetch
resulted in voltage differential between phases. The taitl to beremoved from service to repair the
disconnect. Upon investigation, the damage to the disconnect was ddnsiee buildup from theunit@
cooling towers.

drculating waterwas frozen, causing a losssufpply of needed cooling water
Exreme cold weather and coldil resulted in oil pressureontrol tripping.

A pant steam pressure transmitter froze due to extreme cold conditions, lmiicited the operation of
the condenser air removal equipment, and the unit tripped on low vacuum. The transmitter is located
inside the main building close to an exterior wall louver.

1 Impulse tube lineslevel transmitters or pressure sensing linegere uninsulated or underinsulated,
resulting in freezingomponents.

A transformer had water in it and froze.
A feedwater heater pressure sensing line fromhich required the unit to be taken ofine.

Fan damper operation was sluggish during cold weathes to cold greaseand a deaerator level
indication had a frozen sensing line.

1 Steam and water flow transmitters were uninsulated or underinsulated, resulting in freea@ngonents.

1 The wit tripped due toafrozen super heat pressure transmitter

1 A wllector ring failurewascaused by insufficient brush tension resultingm very cold temperatures.

1 Air entrainment in the sensing lines caused a transmittefail. The line did not actually freezbut it
interfered with instrument compensation.

1 Afrozn gas valve caused aitioutage.

1 The diesel fuel changkconsistencyrendering the fuelinusablein the cold weather

1 Moisture in an air line to the inlet bleed heat valve froze.

1 The statidrequencyconverter initiateda trip during preparation oStaic Frequency Converter & Static

Excitation SystenSFC/SE8aused by not receiving exciter circuit breaker checkback signal for the closed
position Subsequent failuresvere caused by not receiving the checkback signals from the start
disconnect switch ithe generator breakerEtreme cold temperatures caused grease on start disconnect
switch stabs to become tacky and not allow it to close without binding.

1 Oilpressurewas affecteddue to cold oil fronthe lube oil (LO¥ooler entering the LBupply header too
rapidly. The LQemperature control valve has no cold ambient bias $tow down movement in winter.
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Frozen N@water header pressure sensing lines in the wagulted in no availabl&lCx water injection
for emissions control.

Water froze inawater manifoldthat had not been purged of water.

Generatorlogic tripped the turbine due to a frozen water flush transmitter. The transmitter was frozen
due to cold weatherhowever, the logic should not have tripped the unit.

The outage was due to a failupéthe water injection heating systerfiold weather may have contributed

to but was not the primary cause of the outage. Power was removed from the heating system due to a
water leak that caused an electrical short circuit. It is not known if cold weathesed or contributed to

the initial water leak. Once power was removed from the heat tracing on the water injection pipes, they
froze. The situation was corrected by placing a tent around the problem area and using a torpedo heater
to unfreeze the watetines.

A wnit water injectionvariable frequency drive/FDYXontroller tripped due to extreme weatherequiring
a unit fautdown to prevent emission exceedance.

A wnit heater tripped which affected operation of VFD. During restarting the water injecti&l, unit
was at upper load and flamed out from inrush of water.

A frozen water valve located outside for the oil cooling system caused the unit to trip. The ambient
temperature at the time of the trip was3° Fwith an 8 mph SW wind.

The unit would not tansfer todPre-Mix Steady Statedue to operating in the cold ambient temperatures
it required combustion tuning for the colder conditions.

Agas transfer purge valvieoze.

The pressure dropped due to regulator not being able to react guakough beause of the extreme
cold temperature.

An autput breaker would not close due to the cold

The premix line frozewk to heat tracing failure

Fuel oilgelled the filters due to the cold temperatures

A hydraulic starter pressure sensing line froze

Lube oiltemperature was below 50F,causing the unit to be in a notadyto-start state

The diesel fuel being provided to the starting motgmiled due the extreme cold temperatures
The diesel starting engine faillto provide enough turbine speed to initiafiging.

A iquid fuel modulating valve frozen (located in unheategjiee compartment when offine).

A gdarter duct pressure switch located in unheated engine compartment froze.

A unittripped onloss offlame due to the @mbination offuel oil deliverytemperature beinglow and
ignition gasbeinginsufficient to maintain the flame.

A wnit could not startdue tohydraulic temperatures too low for proper operation of fuel valves.
Frozen regulator on monitor valve at meter statioauseddw fuel gas presse.
The inlet air intake was covered with snow and ice.

Moisture inafuel oil pressure switch froze arlde pressure switch diaphragm burst.
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The bgging andoverspraywere put in a winterized stateThe gstems were available but required
additional timeto return to service.

Coldweather caused water injection lines to become froaghich resulted in a transmitter control issue

The gas control and purge valves were sluggish due the extreme temperature. The control timers for the
valves were adjusted tallow for the longer valve operating time.

The relay setting did not take into account the higtlesn-normal output for the extreme cold weather.

The lube oil was too cold because the compartment heater malfunctioned. This caused the lube oil temp
alarm to trip the unit in startup.

A solenoid was frozen on the water injection system. This caused an emissions issue.
Compressor blade icingaused a unit outage

Unitstripped when the units were being transferred from gasituid fuel. These GTwere running on

gas when the site was asked to transfer them to liquid fuel due to limited gas availability. Extremely cold
temperatures along with the liquid fuel heaters being out of service contributed to an increase in fuel oil
viscosity that led to a higffilter differential pressureand subsequent fuel system fault trips while
attempting to transfer to liquid fuel.

Low ambient temperature led to fuel waxiagd clouding.
Frazl ice blocledthe intake causing insufficient water supply to the turbine.

Due tolow temperature the seal oil regulator froze, allowing the oil pressure to rise above the hydrogen
pressuretherefore putting oil inside the steam turbine generator.

A geam turbine exhaust pressure switch for HP turbine frombich signaled a false Higpressure,
thereby tripping the steam turbine.

Cold temperature caused materiala the generator hydrogen cooler cooling water Idogontract and
the flanged joint at generator shell began to leak hydrogeme fange boltingvas retorqued to stopthe
leak.

A al steam presse transmitter sensing line fag, causing pressure to read high opening bypass to
condenserwhich in turned caused loss of sealing steam to turbine.

A wnit tripped due to cooling tower drift freezing onto and restricting fldwaughthe inlet bird screen;
with enough buildup, this caused the implosion doors to open.

While switching from gas to ¢a process step was missadsulting in the trip

A unit was shut down for inspectidmecause a noise could be heataring the tourly inspectionsice was
found on the inlet guide vanes.
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Chapter 3 1 Discussion

Increased reliance on natural gdaring thepolar vortexexposel the industry to various challenges with fuel
supply and deliveryThis increased reliance, compoundedd®neration outages during the extreme conditions,
increased the risks to the reliable operation of RES

Asthe industryrelies more on naturalgasfired capacityto meet electricity needs, it is important texamine
potential risks associated withdéreased dependence on a single fuel type. The extent of these conceres var
from Regionto Region however, they are most acute in areafieve power generators rely oimterruptible
natural gas pipeline transportation

Unlike coal and fuel oil, naturglas is notypicallystored onda A G S® ! & | NBadzZ 46 NBFf mi
through a network of pipelines and bulk gas storage is critical to support electric generators. Natural gas is widely
used outside the power sector, and the demand from other sectqarticularly coincignt enduser gas peak
demand during cold winter weathercritically affects | &  LINZbifityktdra8IMéi ierruptible transportation

service in the power sector. Additionally, demand for natural gas is expected to grow in other sectors (e.g.,
transpottation, exports, and manufacturing).

The following excerpts afeom industry participant discussions about the polar vortex

& { 2 Y Sfiredl indés have the capability to use an alternate fuel (uel capability), which increases
flexibility when gassupply becomes tight. The predominant alternate fuel is oil. While-fdablunits
increase flexibility, there were still challenges operating the units on oil. PIM requesteftiatiual
generation owners unable to secure gas to operate their units on wilgdthe extremely cold weather
events. Even with this flexibility, generation owners encountered issues includitigneuimits related

to permitdefined environmental restrictions, resupply challenges and increased failure rates for unit
startup. Unitsthat switch to oil operate with increased emissions, which limits their maximum run times
due to environmental constraints. In other cases, units operating on oil may have had only limited ability
to make and store demineralized water for the injecticstems that must be operated to reduce nitrogen
oxide emissions when running on oil. PJM coordinated with generation owners that needed to decrease
the maximum run time per day for their units in order to conserve emission credits. ldentification and
tracking of fuel limitations was done manually by PJM and the generator owners. There were
approximately 1,000 MW of generation with decreased run times for emission reasons.

The increase in demand for oil caused another challenge for generation owners. Menynuthe
Northeast switched to oil as gas became unavailable increasing demand for oil. In some cases, oil suppliers
began to run low on inventory or deliveries were slow because increased demand was unexpected and
available delivery trucks were limite@eneration owners found it difficult to keep oil tanks full on a daily
basis and had to limit run hours for their units. There were approximately-3,000 MW of generation
affected by oil supply and delivery issues. Also, generating units runningh@aveian increased failure

to-start rate due to clogged fuel lin@s.

Many outages, including a number of those in SoeitheasternUnited Stateswere the result of extreme cold
weather thatwasbelow the design basis generating unitsindustry shou identify and protect against failures
that occurred within the design basis of thelants. As illustrated irFigure D (Chapter 2)SERC experienced 25
hours during the study period where they were below thgipical temperature design basis, includinl7
continuous hours below that basis.

PJM Report:http://www.pjm.com/~/media/documents/reports/2014050%nalysisof-operationateventsand-marketimpactsduring
the-jan-2014-coldweatherevents.ashyg. 3940
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Chaper 3 ¢ Discussion

The analysis of the GADS data provided in Appendix A shows that most generating units performed in the expected
range of EFOR during the month of January 2014, based on historical analysis. Overall, most ammisgerith

an EFOR within or slightbgtter than {.e.,below) the expected range, based on the pése years. The exception

is matural gas units, which in twoelgions experienced a hightttan-expected EFOR. This observation validates

the concerns thaNERC raised in ti#2913 Longlerm Reliability Assessm&ah increased dependence on natural

gas for electric power.

8 http://www.nerc.com/pa/RAPA/ra/Reliability Assessments DL/2013 LTRA_FINAigp86
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Chapter 4 1 Conclusion

Unlike theFebruary2011 SouthwestCold Weather Eventhe 2014polar vortexresulted inmany gnerator
outages from entities exceeding the design basis of their plants and difficulties facing the natural gas
transportation sector System Operators were faced with many difficult decisiandwere able to successfully
maintain reliability through extensiverevioustraining and preparation During thepolar vortex severalSystem
Operatorsused load reductiortechniquessuch as voltage reductignnterruptible loads and demandside
managementMany System Operatoralsomade effective use of emergency proceduresianage loads and
generation.

Observations and Recommendations

Lessons Learned from the February 2011 Southwest event highlighted the importance of preparatixtreme
weather eventsThe following observations and recommendations ameda on theanalysis in this report:

Observations

1. Generation facilities have made improvements in their winter preparation activities since February 2011,
however, every extreme event provides insight for future improvements. Generation facilities across all
Regionshave indicated that they have reviewed and/or implemented recommendations from the
February 2011 Southwest Cold Weather Etessonsearnedas well as th&enerator Winter Weather
Readinesguideline.

2. The value ofegulartraining andannualdrillswasdemonstrated during evenissthe operators and other
RCareaentities were able to effectively and successfully implemanmergency procedures

3. Proactive communication and coordination between R€sand within the RC areas themselves helped
ensure appopriate situational awareness was maintained and facilitated rapid respasiseeded.

4. Planned and farzed generation outages in somedrons exceeded the worstase assumptions used in
seasonal assessments. These assumptions warrant further reiriepatticular, the assumptions for
generating unit forced and planned outage rates.

5. Some ISO/RTOs conducted dietd seasoal fuel assurance surveys to include gas transportation
arrangemens, stating oil inventories, and oil replacement capabilities (oil sf@artation capability)

6. Many outages, including a number of those in thetheasternUnited Stateswere the result of extreme
ambient temperatureshat were below the design basis of thgeenerating unit

Recommendations

1. Examine and review the naturagsupply issues encountered during the event. Industry should also work
with gas suppliers, markets, and regulators to quickly identify issues with natural gas supply and
transportation so that appropriate actions can be developed and implemented to gkmwrators to be
able to secure firm supply and transportation at a reasonable rate.

2. Review and update power plant weatherization programs as a restgssbndearnedfrom this event.
This includes review of plant procedures, training programs forreeweather and winter weather
events, and availability of material and equipment for response to these eveénities should continue

9 http://www.nerc.com/pa/rrm/ea/Pages/Februar?01 1-SouthwestColdWeatherEvent.aspx
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Chapter 4¢ Conclusion

to follow the Reliability GuidelineGenerating Unit Winter Weather ReadinessCurrent Industry
Practice®'°

3. Continue @ consider implementing a program of periodic site reviews of generation fesiNtinter
preparation. Tlese prograns produced tangible benefits in theERCOTnterconnection by improving
generator winter preparation and sharing of good industry practieg@sl carbe implemented within an
individual company, an ISO/RTO, an appropriate Regional Entity, or any combination.

4. Review the basis for forced and planned generation outages used in seasonal assessments to ensure that
appropriate outage rates for thextreme cases are correct and that unit dexatare appropriately
included.

5. Review generation and transmission outage scheduling processes to limit planned outages during possible
peak winter periods.

6. Entity winter assessments shouliiclude base assumptias and stress cases ftine loss of varying
amountsof gasfired generationand should consider oil burn rates relative to oil replenishment redes
determine the duration of continuous operation for-fited generation

7. Continue to inprove operations managementawareness of the fuel status of all generatareluding
improved awarenes of pipeline system conditions. This might include a daily fuel inventory solicitation
process ability to dispatch plants early in anticipation of extreme winter weathend increased
communication channels with electric and gas industries during extreme events.

8. Ensure that the fuel on hand and/or orat for the winter season is appropriately protected frdime
effects of cold weatheat the expected extreme temperates.

9. Industry should work to identify and protect againsitagesthat occurred within thecold weatherdesign
basis of the plantAdditionally, entitiesshouldreviewthe winter cold weathettemperature design basis
for their generating unitdo determine if improvements are needewhile ensuring thathe generating
dzy Aabiliydo withstand higher temperatures in the sumnismot compromised

10. Industry should review internal processes to ensure they are ready to take proactivas to secure the
waivers (narket, environmentaj fuel, etc.) from the appropriate entities. For example, PJM requested
G ADSNE 2F OSNIFAY LINP@AAAZYA 2F tWaQad I2O0SNYAYS3
public information with natural gas pipeline operasaturing the forecasted extreme weather conditions.
CoO9w/ NBaAaLRYyRSR LINRYLIWfe G2 twaQa FAfAYy3IS FKAOK ¢

10 http://www.nerc.com/pal/rrm/ea/ColdWeatherTraininifaterials/Relibility Guideline Generating_Unit Winter Weather Readiness.
pdf

11 PJM Reporthttp://www.pjm.com/~/media/documents/reports/2014050%nalysisof-operationateventsand-marketimpactsduring
the-jan-2014-coldweatherevents.ashyg. 11
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Appendix A

Overview of GADS

GADS was developed by utility designers, operating engineers, and systanenglao meet the information

needs of the electric utility industry. For this purpose, specific objectives for the GADS program were established:
compilation and maintenance of an accurate, dependable, and comprehensive database capable of monitoring
the performance of electric generating units and major pieces of equipment. GADS is not a substitute for the
detailed, often unique, data systems typically found at power plants, or for maintenance data programs that
record detailed equipment failures and reptechniques. The objectives of the GADS program can be met through
the collective effort of participating GADS members, the cooperation in reporting to GADS, and sharing
information with the industry.

Based on research by the IEEE 762 committee, thadmy between the GENG@nd TRANSG® as follows:

a ! ASYSNY GAYy3 dzyAld AyOf dzRSa I:f(l) theShijghzalthge Seyminalsdat theli 2 0
generator stepup (GSU) transformer and the station service transformers; (2) the GSU traesfoad) side of

the generatorvoltage circuit breakers; or (3) at such equipment boundary as may be reasonable considering the
RSAAIAY YR O2yFAIdNI A2y 2F GKS IASYSNIGAyYy3A dzy Al o

ly S@SyiG 200dzNE ye GAYS | 3Sy $ShhigésAFgul gedeyaliciaificatiansId NI G
events are reported to GADS: outages, deratings, reserve shutdowns, aralriaiing events. Reporting event

data, in addition to performance and design data, provides all the information needed to evaluatetganerat
availability. Event data are especially useful since they are often used to do specialized unit and equipment
operation and design analyses.

Participation in the GADS program is mandatory for all conventional units 20 MW and (esgafiJanuay 1,
2013. Reporting the level of detail requested in these GADS Data Reporting Instructions enables industry analysts
to perform detailed, useful analyses

All units except hydro and pumped storage units without automatic data recording equipment quizge to
report reserve shutdown events. All other events (forced, maintenance, and planned) must be reported.

Calculations used to determinequivalentforcedoutagerate
Servicehours(SH) is thesum of all unit servicehours

Availablehours (AH) isthe sum of all service hours (SH) +eserveshutdown hours (RSH) pumping hours +
synchronouscondensinghours.

Periodhours(PH) is the number of hours that the unit was in the active state.

Forcedoutagehours(FOH) ishe sum offorcedoutages+ startup failureshours.

Equivalentforced derated hours (EFDHY;, Eachindividualforced derating (D1, D2, and D3) is transformed into
equivalent full outage hour(s). This is calculated by multiplying the actual duration of the derating (hours) by the
size d the reduction (MW) and dividing by theet maximumcapacity(NMC). These equivalent hour(s) are then

summed.

Equivalenforcedderatedhoursduringreserveshutdown (EFDHR$)Each individudiorcedderating(D1, D2, and
D3) that occurred during aesewne shutdown (RS) is transformed into equivalent full outage hour(s). This is
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calculated by multiplying the actual duration of the derating (hours) by the size of the reduction (MW) and dividing
by the NMC. These equivalent hour(s) are then summed.

Equivaént Forced Outage Rate (EF@Rjalculated by:
"00 '0'0"000
‘00 'O"Y'0 YO & ¢ £6iE QQEDE@EI™D 6 a n @WEBT D'OOOY"Y

‘0"00 Y-

Weighted \ersustime-based methods for pooled statistics

Two methodsare used to calculate pooled (grouping) unit stditts for generation:
1. Unweighted (timebased) methods for calculating pooled (grouping) unit statistics.

2. Weighted (capacitpased) methods for calculating pooling (grouping) unit statistics.

WKSYy | aiay3atsS 3ISySNI (A yamcabizbted] ifbaes hdbrkevheiér yh®efghtédod G A & G
weightedbased statisticare used The answer will generally be the same. The real difference between the
unweighted and weighted statistics is in pooling (or grouping) of a set of generating units. kcasesha group

of units of similar size will show little or no differenbait for groups of units where the MW size is very different
(greater than 50 MW), the statistics will be very different.

With unweighted statistics, all units are considered ednautage impact. In the unweighted equations, no MW
size is introduced into the equatioyand the results are based on time, not energy produced (or not produced)
In such cases, a 50 MW gas turbine and a 1,000 MW nuclear unit have the same impactsiltitey statistics.

With weighted statistics, the larger MW size unit in the group has more impact on the final statistics than a smaller
generating unit. That is because the MW size of the unit (NMC) is part of the equation. In such cases, a 1,000 MW
nuclear unit would have 20 timake impact on the final outcome of the calculation than would its 50 MW gas
turbine companion.

This study used the weighted method for calculating pooling (grouping) unit statistics for generation.

Analysis of EFOR by Regal Entity

The following is an analysis of EFOR for the months of January, February, and Marchd@®2808Iso, for the
purposes of this analysiSRCC and WECC will not be examined, since they were not directly involvegdadtathe
vortex. In additon, all values of EFOR in this appendix are calculated monthly.

Coal

Figures A1, Aand A3 provide historical EFOR for coal units for January, February, and March by year and Regional
Entity. In alRegionsexamined, coal units experienced an EFORnnalg 2014 well within the range of expected
EFOR based on the prior five winter operating periods. The historical winter monthly EFOR performance of coal
units in MRO ranged from 4.8 to 7p@rcent andin January 2014 they experienced an EFOR op&.&nt. In

NPCC, the historical winter monthly EFOR performance ranged from 6.9 top@icént and coal units
experienced an EFOR of p&rcentin January 2014. Likewise, coal units in RF experienced an EFOR of 9.3 in
January 2014, compared with a histalicange of 8.5 to 14.gercent In SERC, coal units experienced an EFOR of
4.9 in January 2014, which was better than any historical winter monthly EFOR for the years examined (prior
monthly values ranged from 5.0 to 10.2). The EFOR performance of datsairu8PP ranged from 3.2 to 13.6
percent andin January 2014 they experienced an EFOR op@&dent Finally, coal units in TRE experienced an
EFOR of 12 8ercentin January 2014, compared with a historical range of O to pdr8ent
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EFOR - January - Coal
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Figure Al: Hi storical EFOR for Coal Units in January by Year and Regional Entity
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Figure A2: Historical EFOR for Coal Units in February by Year and Regional Entity
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Figure A3: Historical EFOR for Coal Units in March by Year and Regional Entity
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Natural Gas

Figures A, A5 and A6 provide historical EFOR atural gas unit$or January, February, and March by year and
Regional Entity. In @Regionsexaminednatural gas unitexperienced an EFOR in January 2014 within the range

of expected EFOR based on the prive fivinter operating periods. The EFORs in NPCC, SERC, and SPP were near
the top end of the range for thehespedive Region

The historical winter monthly EFOR performanceaifiral gas unittn MRO ranged from 8.3 to 18p@&rcent and

in January 2014hey experienced an EFOR of 1p&cent In NPCC, the historical winter monthly EFOR
performance ranged from 16.5 to 39&rcent andnatural gas unitexperienced an EFOR of 3pdrcentin
January 2014. Likewiseatural gas unitén RF experienced aBFOR of 18.percentin January 2014, compared
with a historical range of 4.8 to 25gercent In SERQiatural gas uni experienced an EFOR of 1lftetcentin
January 2014, which was the same as the worst monthly EFOR calculated for the years exarnineorthly
values ranged from 6.3 to 11pkrcen)). The EFOR performanceraftural gas ung in SPP ranged from 5.8 to
21.1percent andin January 2014 they experienced an EFOR of @&&ent Finally,natural gas uni in TRE
experienced an EFOR o8percentin January 2014, compared with a historical range of 2.7 to i€&&nt
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EFOR - January - Natural Gas
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Figure A4: Historical EFOR for Natural Gas in January by Year and Regional Entity
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Figure A5: Historical EFOR for Natural Gas in February by Year and Regional Entity
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Figure A6: Historical EFOR for Natural Gas in March by Year and Regional Entity
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Diesel Units

Figures A7, AG&nd A9 provide historical EFOR for diesel units for January, February, and March by year and
Regional Entity. Since participation in the GARf§ram is mandatory for all conventional units 20 MW and larger,
many diesel unitslo not report to GADS he comparative analysis, therefore, is of limited valuerangrovided
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EFOR - January - Diesel
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Figure A7: Historical EFOR for Diesel Units in January by Year and Regional Entity
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Figure A8: Historical EFOR for Diesel Units in February by Year and Regional Entity
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Figure A9: Historical EFOR for Diesel Units in March by Year and Regional Entity
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Fluidized Bed Units

Figures A10, A1and A12 provide historical ERQor fluidized bed units for January, February, and March by year
and Regional Entity. NPCC and SPP have no fluidized bed units reported Regi@ims. In all otherRegions
examined, fluidized bed units experienced an EFOR in January 2014 withingkeofeexpected EFOR based on
the prior five winter operating periods.

The historical winter monthly EFOR performance of fluidized bed units in MRO ranged from 0.3per84drt

andin January 2014 they experienced an EFOR ogp&.@ent Fluidized bd units in RF experienced an EFOR of
0.1 percentin January 2014, compared with a historical rangearbto 22.6 percent (excluding the month of
March 2013, which was an anomaly at 8@gescen). The EFOR performance of fluidized bed units in SERC ranged
from 0 to 25.4percent andin January 2014 they experienced an EFOR gberé&ent.Finally, fluidized bed units

in TRE experienced an EFOR ofp2a&entin January 2014, compared with a historical rangeeabto 29.6
percent
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EFOR - January - Fluidized Bed
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Figure A10: Historic al EFOR for Fluidized Bed Units in January by Year and Regional Entity
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Figure Al1: Historical EFOR for Fluidized Bed Units in February by Year and Regional Entity
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Figure A12: Historical EFOR for Fluidized Bed Units in March by Year and Regional Entit
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Hydro/Pumped Storage

Figures A13, Al4nd A15 provide historical EFOR for hydro and pumped storage for January, February, and March
by year and Regional Entity. In alkgtons examined, hydro and pumped storage experienced an EFOR in January
2014 within the range of expected EFOR based on the prior five winter operating periods.

The historical winter monthly EFOR performance of hydro and pumped storage in MRO ranged from 0.3 to 3.3
percent and January 2014 they experienced an EFOR pkéc8nt INNPCC, the historical winter monthly EFOR
performance ranged from 1.5 to Jercent and hydro and pumped storage experienced an EFOR péfant

in January 2014. Hydro and pumped storage in RF experienced an EFQbeafehin January 2014, compared

with a historical range of 0.9 to 10pkrcent In SERC, hydro and pumped storage experienced an EFOR of 1.5
percentin January 2014, compared with a historical range of 1 tqp@réent The EFOR performance of hydro

and pumped storage in SPP rangedrfrzeroto 12.7percent and January 2014 they experienced an EFOR of 0.4
percent Finally, hydro and pumped storage in TRE experienced an EFORest&rin January 2014, compared

with a historical range aferoto 21.5percent
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EFOR - January - Hydro/Pumped Storage
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Figure A13: Histor ical EFOR for Hydro/Pumped Storage in January by Year and Regional
Entity
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Figure A14: Historical EFOR for Hydro/Pumped Storage in February by Year and Regional
Entity
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Figure A15: Historical EFOR for Hydro/Pumped Storage in March by Year and Regional
Entity
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Nuclear

Figures A16, A1and A18 provide historical EFOR for nuclear units for January, February, and March by year and
Regional Entity. In all oth&gionsexamined, nuclear units experienced an EFOR in January 2014 within the range
of expectedEFOR based on the prior five winter operating periods.

The historical winter monthly EFOR performance of nuclear units in MRO ranged from 0 pedckdt andin
January 2014 they experienced an EFOR offedc&nt In NPCC, the historical winter maht EFOR performance
ranged from 0 to 7.percent and nuclear units experienced an EFOR gbé8entin January 2014. Nuclear units
in RF experienced an EFOR of @&®entin January 2014, compared with a historical range of 0.5 tpdrdent

In SER, nuclear units experienced an EFOR opér8entin January 2014, compared with a historical range of 0
to 4.7 percent The EFOR performance of nuclear units in SPP rangedé&mrto 23.6percent andin January
2014 they experienced an EFOR off@@@ent. Finally, nuclear units in TRE experienced an EFORpar8ehtin
January 2014, compared with a historical rangeaybto 26.4percent
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EFOR - January - Nuclear
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Figure A16: Historical EFOR for Nuclear Units in January by Year and Regional Entity
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Figure A17: Histo rical EFOR for Nuclear Units in February by Year and Regional Entity
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Figure A18: Historical EFOR for Nuclear Units in March by Year and Regional Entity
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