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Session Objectives

« NERC Failure Mode Mechanism Working Group (FMM, FMMWG)

 Introduce Failure Mode Mechanisms / Failure Mode Analysis

« Applications: FMM Analysis Featuring Cold Weather Subset to Extreme Weather
« Failure Mode Mechanism Resources Available to Registered Entities

 Questions and Answers

Presenters wish to thank and acknowledge Mr. Richard Hackman for offering his extensive experience and expertise
in the preparation of today's material. Regrettably, Mr. Hackman was unable to join us today.
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ow = NERC Failure Modes and Mechanisms Working Group

* Result of 2013 NERC AC Equipment Task Force

“Analyze common BES equipment to determine failure modes and mechanisms (FMM) trends and
patterns, and improve BES reliability by providing information useful for reducing equipment failures.”

= Maintain the Addendum for Events with Failed Station Eguipment and processes to collect data
associated with failure of station equipment;

* |Investigate and identify FMM of BES equipment;

= Derive solutions from FMM studies to
o Detect and measure the progress of active FMM in BES equipment;
o Avoid, prevent or delay the progression of BES equipment failures;

o Promote using “good industry practices” in the inspection and maintenance of BES
equipment.

o Analyze commaon BES energy sources to determine failure modes and mechanisms.

= Investigate and identify FMM of generating equipment associated with synchronous and
inverter-based energy resource interconnections.

* Derive solutions from FMM studies to:
o Detect and measure the progress of active FMM in energy resource equipment,
o Awvoid, prevent or delay the progression of energy resource equipment failures,

o Promote using “good industry practice” in the inspection and maintenance of energy
resource equipment.

Reference to the NERC FMMWG
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https://www.nerc.com/comm/RSTC/FMMTF/FMMWG%20Scope.pdf
https://www.nerc.com/comm/RSTC/FMMTF/FMMWG%20Scope.pdf
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Equipment

Generic Bushing

Oil-Filled Power Transformer

Wire Wound Electromagnetic Potential Transformer
Coupling Capacitor Voltage Transformer

Optical Voltage Transformer

Wire Wound Electromagnetic Current Transformer

Optical Current Transformer . . .
Registered entities

SF6 Breaker
may request any of

Air Blast Breaker

Oil Breaker

Switch

Oil-Filled Reactor (Inductor) the 18 RE|eaSEd
Capacitor Bank

Surge Arrester

Electromagnetic Relay

Static Relays

Microprocessor Relay

Power Line Carrier

String Inverters (Solar Applicatio
Large Inverters (HVDC Applications)
Substation Batteries (Lead Acid)
Substation Battery Chargers
Uninterruptible Power Supplies
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Failure Modes
Failure Mechanisms




<Public>

Slido Poll:
Failure Mode Analysis
VS.
Root Cause Analysis




What differences come to mind when
we talk about Failure Mode Analysis
versus Root Cause Analysis?

@ The Slido app must be installed on every computer you're presenting from slido



https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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Failure Mode (Effects) Analysis vs. Root Cause Analysis

Failure Mode Analysis Root Cause Analysis

. Process-based, methodical, rigorous . Process-based, methodical, rigorous

-+ Proactive, Preventive «  Reactive, after impact (events, realized risks, failures)
- Forward looking, Systems-based, Systems’ perspective - Event-specific analysis
« Identify and rank failure modes, often multiples of them «  The “Failure scheduled{s} you!”

«  Essential where catastrophic failure(s) can render extreme «  Backward-looking, e.g., 5x (or more) “Whys”

consequences (loss of life, loss of plant, etc.) . Useful to tailor Mitigation Development

+  Often requires broad-based perspective of what could go wrong, (Remediating activities, prevention activities)

and in what sequence(s) and combinations
a (5) »  Precision-based yet may not expose hidden, unrealized risks or

. Useful in prioritizing, registering Risks fiRPNs, Registers} other modes of potential failure or impact outside the “why” or
“Swiss Cheese Model”

. Can be time consuming and require extensive expertise . . . . .
g g P . Failure mode mechanisms identification does occur, but at risk of

«  Lessons Learned (LLs)
*  May use Lessons Learned from RCAs of events or failures to

improve preventive postures *  Can help justify the need for broader FMA/FMEA campaigns

*  Can help prevent regulatory lapses from occurring

«  Reduce the probability of fFailure scheduling you’
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Failure Modes

After-the-fact analysis: Sayano-Sheshenskaya (Russia) Unit 2 failure, circa 20009.
Source: YouTube / Engineering Documentaries
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https://www.youtube.com/watch?v=OjMtbkFF3RM

Failure Modes and Mechanisms

* Failure Modes are what gets your attention

* Failure Mechanisms are how the equipment gets going on the path to
a failure

« Equipment Failures have logical cause-and-effect relationships
behind them.

« Physical Evidence Examination and Root Cause Analysis can reveal
what Failure Mechanisms were involved.

« Aging is not a cause. It is a term for slow-moving Failure
Mechanisms.

 Failure Mechanisms are detectable. Many can be stopped or at least
slowed down so they can be corrected before causing a failure.

10 PUBLIC RELIABILITY | RESILIENCE | SECURITY
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FMMWG: Generic Failure Mode Mechanisms Diagram

Failed Equipment Type \

Failure Mode 1 Failure Mode 2 Failure Mode 3 |

Failure
Mechanism 1

Failure
Mechanism 1

Failure
Mechanism 2

Failure
Mechanism 2

Failure
P Mechanism 1
How this
develops
More detail, notes,
Failure
Mechanism 3
And
then...

A Failure
Mechanism 2
‘ How this This That A required ‘
develops condition

Another
required
condition

-+ Hl
e

11
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Detailed FMM Diagram: SF6 Breaker

Generic SF6 Breaker
Failure Modes & Mechanisms Revision 1.01

i
)
I I Not part of Breaker B R Leakage
- -
RS
tamne Relays, g A Ww eadten
Internal Fault Macenkl Felre mstrumertaton, Sudden Load Yastos brge Pressure
setmgs & Loge < f w'ava’nw H boundary failures [\
Y = : S o ralen Chemical attackby 576 Tankconnecson |\
e Medwanical Lnkage '-g_r%m.‘.?.g‘- sresidown prodts Ughtning H issve \
Falure \ andc nants [
Overload Rcbesdds Abo current chopping by Seal falures
r e P | e |
- ine \ \
o 1 Tension 'u'nﬂ:.i:uu '"t' reactors (>70%) \ Cumdg: R G _
e = \ 6
Seismic \ \
iy Events ~wi»| Push/ pull Rod Failure 1are OC companent \ \ B | B saues |- Eitnmelow
3 \ \ Temenais
() L Misaligned \ \ Proshogs oo
- "2“:8.‘; k = il H %vm":-lwul Lo it Filling Operation "8
cam«;b;. Ml!'::l b ol || loading X = Flourine e I et
R R S \ \ Perastent Chemical degradation, ek 1 s ( AR )
Fault 76 breskaoun Ackds interance :
Strong Local groun roducts
H Vibraton Lt | [ Contaminated
bcmauvo.l.bn Source "" SF6 Source |
Stress Locally Wind line = e \. el —“ Time to Uquefy
) Bridging by cbject M ement / v
r / Porosties Ambient
Reduced Drought condtions can’ Selsmic Events — High Tem perature
SFeleakage —_'I reshitance ',— Animal u‘:mmnm v r——. Res Ty tave. -
R ance =) ' 3 much Less Than
- e , i) e SN e
T H /| T
2 ror oXcurted - | Contamin. i >
(1) {hion o tests) n%-:\ S edenancs, \ pai in Foregn Visterisls B Contamination from na "%'ﬂ‘ o) 1
\ ! e
= e \ e Intemal Sources P [\ =)
does no'l‘l;':mn‘: with a0 go haretos L T e Fal Tracking
contaminaton
d Sulfur Undersized Heaters
M L Contro GabTe O rong
OR =) i Fadures NoPower to Heatars
Tank Casting Teation BC Wiring to Florides
Porosty Cols Incorect NoHeatas
Fallure OR Multl, ina Control Fallure:
Normally Extemal Shot DEfo e thet oted 5 /
T ‘AN to Breaker .&mm- ne) Sensor Falure | /,
gengl :
buting fhécres. tink Material mﬂmm by
fcae) el to e, Defects from voaot i
. %.u'";," Manufacturer Spring Falure
e Seal Presure Blockage
failure OR O'f‘
May be G used by Materials left Strong Local Une
MOKL i f nside WVibration Tension
R choke. || Other Foreigy b o - Source o8 (N (0
-nr\nh Material Lol Setsmic
mw:' an'l-' Migh Wind Events
salts el SETASR = - h Mo
sion of matal n-,--:::amn s Lok
a"‘:.':‘":" Wﬂ;’: z"nww ‘vacky Seismic Events L] = i I
Intrusi
for
Not Necessarily Locally roymer st s
Locally Available Available Contaminants / iings o Comprasior Rupture Corrodon
Contaminants / Foreign Materials "raivre ramees; O Somes st |""..."%‘.‘.°:’.‘.°:.':"’| i ano| L
Foreign Materials cartier arounge rut Vil Soick
e Low
mm« of Ol ternal pressure [Environmental |
- ot o o coniton (Acis,
Tempermre neatng adequate relief L__Soks.) | s
oeves oR
| Gckof tmely | | Environmental Tl P ot YACK of contion
maintenance Conditons Chosen For Coldest
oR ». bl Paint/Coating
o hacn o rormaton ki d
{rveehetis lut oger) SRS
Charecat Omopon
“:‘“ AND 0".:&‘ e " z-':

ey

Tated orne mamam | | wekafec | fon)

Boe MIRL Lemon L eanod L essive monture in Fated Pt
12 AT, T oon. || e eng
o — e Parsctes Al e
n Envisonment
Aged, hardaned / O-ing material not Premue Pressore System Wesr
emBbrRtied / cracked m&'gh WEh oll sed mn.



https://www.wecc.org/

<Public>

¥ FMMWG/SF6/Cold Weather Mechanism
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Example with Cold Wx Failure Mechanism

« Cold Wx Augments SF6 Breaker Actuation Risks
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Failure Mode Mechanisms—Wind Generators and Cold Wx (Draft)

The Primary Failure Mode for
Feb 2021 Wind Generation

Loss

Wind Generator Failures
During Cold Weather

Failures not related
to electrical power

or weather

Weather Related
Failure

See NERC LL20200601 Unanticipated
Wind Generation Cutoffs during a Cold
Weather Event

4

T

See NERC Reliability Guideline: Generating
Unit Winter Weather Readiness

Unable to Return

Failures not related
to weather

Weather Related
Failure

Failed or Mi

Ventilation Blocked
by Snow/Ice

Unit Equipment . Electric Power . A
Failure Inadequate Wind lssue Control Failure to Service from Other
Prior Outage
See NERC 1120170701
A Loss of Wind Turbines due to Transient Voltage A A
See NERC LL20120901 Disturbances on the Bulk Transmission System
Wind Farm Winter Storm Issues ﬁ
Weather Equipment I I I | I
Related Failures other
Equipment than weather Grid Frequency Remote Control e Unable to Not ready to return Failed Not ready to return
Failures related or Voltage Out " . Physically Access from prior standby / reconnect from prior repair /
The Most Common Failure Failure H
’ N of Band WTG mothball outage attempt maintenance outage
Failure Seen in Feb 202, PR~
. . 2de Deice / Ice Remova
Wind Generation Los{ e s
s Inverter lower
semperature lmh See NERC Reliability Guideline’ | | | | | — T
reached Inverter-Based Resource Control Center Control Ice / Snow on roads, trees
Performance Guideline Cyber Attack Communications Equipment Receiver (Unit || Control Center Equipment Control Power down, lines down, etc. Inadequate
— Signal Interrupted Failures Side) Failure Power Loss STy Contrc.al Signal Equipment supporting InadeAquate
Exceeded Failure Failures power Wind
Weather Severity and Inadequate A * f f available.
Duration Capable ti >
Causing Failure from Weather T T T
; (o C
— EMI /RFI 4 1 (3
[ I | =
Weath it ;
P eather cond'"on.s Not using coldest Failure to Grid Power
rotection Beyoncineslen otential weather desi Weatheriz Ci ti icati -
Failed Basis P i g eatherize onnection Curr'|mum:ahons P Failures not related / \\ Weather Related Nothing to synch to
. Removed [ Provider (vendor / to electrical power ‘\3/, e F:i‘l’ur: ae
Vents/ /s | Contractor) Failure or weather .
Flaw in Design Louvers / § ce /onow Assumed Risk
Radiators reeze moving No provision
a I parts in place Backup Power Load Shed I
Over orbackue source failed Operations Communications
Failure to blocked / stuck ity Unable to power [ Sueporting |
Inspect/Test/ by snow / ice B Anticipate Equipment Failure
Maintain Conditions Transmission
Weatherization Ice / Snow Wind Loading Equipment
Load induced | | Exceeded (past Failure ) y OR
Mechanical feathering See NERC 1120220701 L S.Phyi':.a' F':e.l"/
Supportin, i ilii . . ignal Line Failure
Systzlrjn Fai\ged Failure capabiliity) Forecasted High Winds Larger inverters may be |
liquid cooled, smaller 'F“V_T"‘e’
EM’s L ailures
Ol s Low Lubricant Low inverters, air cooled. . New Failure -
Temperature | | | Temperature ? Failures not related Ve Mechani § Hydraulic Control Fluid Conductor, Electronics Supporting
Auto-Cutoff Limit Exceeded New Fail Contactors ot rated for to electrical power (3 )| WeatherRelated echanism rem Low Temperature Limit Cable, or Fiber Overheat & Structure or
Exceeded lew Failure (o, emperatures TGHTE or weather N Failure Dec 2022 Cold Event Exceeded Material Shutdown or Fail Attachment
Mechanism from for Inverter Failure due to Failure due to
Dec 2022 Cold Event Frozen Wind, Snow or Wind, Snow or
Weather Protection Ice Loading Ice Loading
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Failure Mode Mechanisms—Wind Generator Wx FMMs (1)

ahelPrintanyikailirelVodelfor
IFepP202AWindlGenerdtion

[loss

Unit Equipment
Failure

See NERC LL20120901
Wind Farm Winter Storm Issues

Weather
Related
Equipment

- Failures
lihelViosti€omnion

iltire’SeeniiniF

\WindlGen

0
Blade Icing

Blade Deice / Ice Removal
. System Lack or Failure
Heat Trace Failure

Equipment
Failures other
than weather

related

Inverter lower
temperature limit
reached

Weather Severity and
Duration Capable
Causing Failure

Weather
Protection
Failed

Flaw in Design

Failure to
Inspect/Test/
Maintain
Weatherization

Supporting
System Failed

Failures not related

Inadequate
Protection
from Weather

Conditions
Beyond Design
Basis

Failure to
Weatherize

Not using coldest

Vents /
Louvers /
Radiators

Overwhelmed/
blocked / stuck
by snow /ice

Ice / Snow
Load induced
Mechanical
Failure

OEM’s Low
Temperature
Auto-Cutoff

Exceeded

Weather Related

to electrical power
or weather

Failure

potential weather design
package

Ice / Snow
freeze moving
parts in place

or cause
imballance.

Assumed Risk

Unable to

Anticipate

Conditions

Wind Loading

Exceeded (past

See NERC LL20220701

Forecasted High Winds

Lubricant Low
Temperature
Limit Exceeded

See NERC LL20200601 Unanticipated
Wind Generation Cutoffs during a Cold
Weather Event
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oy Failure Mode Mechanisms—Wind Generator Wx FMMs (1)

1
The Primary Failure Mode for
Feb 2021 Wind Generation
Loss
Unit Equipment
Failure
A
See NERC LL20120901
Wind Farm Winter Storm Issues
Weather Equipment
Related Failures other
Equipment than weather
Failures related

The Most Common
Failure Seen in Feb 202
Blade Deice / Ice Removal
System Lack or Failure

Wind Generation Lo s
Blade Icmg . Inverter Iow?r.
Heat Trace Failure temperature limit
reached
| | UPS Battery Cold Limit 7
. E ded
Weather Severity and Inadequate xeeede °

Duration Capable Protection
Causing Failure from Weather

17
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Failure Mode Mechanisms—Wind Generator with Wx FMMs (3,5)

+
together g |
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Failure Mode Mechanisms—Wind Generator with Wx FMMs (4)

Control Failure

Communications
Signal Interrupted

Control Center
Equipment
Failures

Receiver (Unit
Side) Failure

Control Center
Power Loss

Control

Failures

. Control Power
Equipment

Loss

Remote Control
Failure

f

7 f f

EMI / RFI

Communications

Provider (Vendor / <
Contractor) Failure

Communications

Supporting <

Local Control
Failure

Equipment Failure

Physical Fiber /

f

Signal Line Failure

OR

Failures not related
to electrical power
or weather

Cyber Attack

Communications
Signal Interrupted

Control Center
Equipment
Failures

Receiver (Unit
Side) Failure

Control Center
Power Loss

Control
Equipment
Failures

Control Power
Loss

Failures not related
to electrical power
or weather
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Weather Related
Failure

Failures not related
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Failure
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Failure Mode Mechanisms—Wind Generator with Wx FMMs (5,6)

Signal Interrupted

Control Center

Communications

Equipment

Receiver (Unit
Side) Failure

Failures

Control Center
Power Loss

Control
] Control Power
Equipment
. Loss
Failures

20

A

f f

f

EMI /RFI

Communications
Provider (Vendor / ¢
Contractor) Failure

Communications
Supporting <
Equipment Failure

Physical Fiber /
Signal Line Failure

Failures not related
to electrical power

or weather

Weather Related
Failure

foR,

Failures not related
to electrical power
or weather

Failures not related
to weather

Weather Related
Failure

New Failure
Mechanism from
Dec 2022 Cold Event

OR
N\
| 3 || Weather Related
N Failure
5
5

aka “Winter Storm Elliott”

Hydraulic Control Fluid
Low Temperature Limit
Exceeded

f

Weather Protection
Failed or Missing

Conductor,
Cable, or Fiber
Material
Failure due to
Wind, Snow or
Ice Loading

Electronics
Overheat &
Shutdown or Fail

f

Ventilation Blocked

by Snow/Ice

Supporting
Structure or
Attachment
Failure due to
Wind, Snow or
Ice Loading
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Failure Mode Mechanisms
Combustion Turbine
Inlet Icing Example
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> | Failure Mode Mechanisms Gas Generation loss from Cold Wx

February 2021 Event oo

from Weather

1

The Primary Failure Mode for BOttom Li ne

T Feb 2021 Gas Generation Loss

* D[ twpmen: ek of February 14, 2021, for over il i |
ty CriticaltoUnit five days, ERCOT averaged 34,000 || el
N Freezing / Failure W) of generation OUtageS, nea rIy Bt;«;r:zimsit : P\:\;et:z::) .1 3
Design Basis Falled | Weatherize il
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Below Lubricant 1 ¢ A o -~ F
69,871 MW- Low Temperature &E[t - * b . Flaw in Design ‘

Limit {
Flow/Pressure Instrument/ % (‘ ; “

Assumed Risk

Below Hydraulic

U.S. hiStory Fluid Low

Sensing line/Transmitter Unable to

Conditions

) frozen/plugged . Beyond Design Anticipate

Equipment Weather Temperature Limit Basis T Conditions
Failures other L8 Related S ]“ 5, l "” §
Failure to ' | TiH

than weather
related

Equipment
Failures

Inspect/Test/

Maintain
| Weatherization |

lﬂs
‘;.
Failure

Frozen Valves 10 yea rs which Vents/!.ouvers/ 2’{’; Y

rd arcact jn quantity of oy crmsonen cod
Control Air line frozen / Brittle Fracture
plugged A ugust ‘96 bla Ice / Snow Load ;
induced Mechanical '

Radiators
Overwhelmed/

Ik-power system reliability d| vioccea/stuckty

snow / ice

jting unit outages which |ewose vechanica

Linkage iced over /

esc Lack of Weather Severity and 'eat h e r frozen : |
Protection Duration Capable - Vendor’s Low N .
. . / . | Failures not related
from Weather | Causing Failure . Temperature Auto- Weather Related || 3 | to electrical power
e So INERT; r 2021 Presentation on | cuteffexceeded )27 Cf  railore b1 ] © o i
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Failure Mode Mechanisms—Generic Failure Mode Model
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[INLET HEATING & EVAP COOLING

INLET GUIDE VANE
LINEARPOSITION | 624 %

AMBIENT CONDITION
WIND SPEED 11 mph
WINDDIRECTION | 230 =«
AMBIENT TEMP | 492 °F

ROTARY POSITION | 172 DEG
LINEARDEMAND | 622 %
ROTARY DEMAND | 167 DEG

COMPRESSOR INLET TEMP
ATINLET MANIFOLD
SENSOR #1 | o1 BB
SENSOR #2 [ 81 *F
SENSOR #3 | 64 *F
SENSOR #4 | 63 *F
AVERAGE | 62 *F

EVAP COOLING

i, —

READY TO START .oul

PSM ANTIICING SYSTEM PSM - Al SYS TRIP

. (-

= | OPERATOR PROTOCOLS DURING
WINTER STORM EVENTS

NORMAL INLET
FILTERDP
~15INH20

inETTEW | S Nssr
o |

to electrical power
or weather

Weather Related

L3 )
N2 | Failure

COMBUSTOR SHELL
PRESSURE | 2060 PSIA
TEMPERATURE | 7399 °F

14.492 PSIA

e
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> | Failure Mode Mechanisms (1) Gas Generation loss from Cold Wx

Lack of
Protection
from Weather

The Primary Failure Mode for A
T Feb 2021 Gas Generation Loss eulation

Heat Tracing

1

H Temporary Local Heaters
EqUIpment Installed Building Space Heating
oy e . Wind Barriers
Crltlcal tO Unlt Heat Guns
Operation | |
Freezing/ Failure Conditions Weather ST
Beyond Unit Protection Weatherize
Design Basis Failed
A A
Below Lubricant
Low Temperature [ —1 Flaw in Design Assumed Risk
Limit
Flow/Pressure Instrument/ m
I Sensing line/Transmitter Be'zmg{ir\;u“c Conditions Unable to
frozen/plugged Temperature Limit — Beyond Design Anticipate
Equipment Weather P Basis Conditions
- S
Failures other Related Component Cold | | 1
. - Brittle Fracture Failure to
than weather Eqm.pment Control Air line frozen / Inspect/Test/
related Failures plugged Ice / Snow Load Maintain
induced Mechanical = Weatherization
Failure
. ) Frozen Valves Vents / Louvers / Supporting
Inlet Air System Plugged with Radiators 1 svet Failed
ystem Faile
Snow / Frozen Louvers + Overwhelmed/ —
blocked / stuck by
snow / ice
Exposed Mechanical
| Linkage iced over /
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Failure Mode Mechanisms
Inverter Breakout
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o Failure Mode Mechanisms—Inverters

The Primary Failure Mode for
Feb 2021 Wind Generation
Loss

Unit Equipment

Failure
A
See NERC 1120120901

Weather Equipment
Related Failures other

Equipment than weather
Failures related

The Most Common v" Inverter mapping from draft diagram

Failure Seenin Feb 202

. . Blade Deice / Ice Removal
Wind Generation Loss + System Lack or Failure
Blade Icing
Heat Trace Failure

UPS Battery Cold Limit
. Exceeded
Weather Severity and Inadequate

Duration Capable Protection
Causing Failure from Weather

v Applicable beyond Wind Turbine installations

Inverter lower

temperature limit
reached
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Failure Mode Mechanisms—Inverters

(s)
N

f

Electric Power
Issue

[

Grid Frequency Known issue: Coolant froze during

or Voltage Out
of Band / a COId Weather eventl

Inverter-Based Resource

See NERC LL20170701
Loss of Wind Turbines due to Transient Voltage
Disturbances on the Bulk Transmission System

Performance Guideline

‘Large Inverters may be liquid

p
+ . . V/4
cooled, smaller inverters air cooled.
-~ Sl
— L

@;‘7“'":'?"9 See also: NERC Reliability Guideline page 4
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https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_Generating_Unit_Winter_Weather_Readiness_v4.pdf
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NERC Presentation 09/2025—17 Cold Weather Lessons Learned

LL20110902 Adequate Maintenance and Inspection of Generator Freeze Protection

LL20110903 Generating Unit Temperature Design Parameters and Extreme Winter Conditions

LL20111001 Plant Instrument & Sensing Equipment Freezing Due to Heat Trace & Insulation Failures
LL20120101 Plant Onsite Material and Personnel Needed for a Winter Weather Event

LL20120102 Plant Operator Training to Prepare for a Winter Weather Event

LL20120103 Transmission Facilities and Winter Weather Operations

LL20120901 Wind Farm Winter Storm Issues

LL20120902 Transformer Qil Level Issues During Cold Weather

LL20120903 Winter Storm Inlet Air Duct Icing

LL20120904 Capacity Awareness During an Energy Emergency Event

LL20120905 Gas and Electricity Interdependency

LL20180702 Preparing Circuit Breakers for Operation in Cold Weather (also 2018 Webinar w/FMM)
LL20200601 Unanticipated Wind Generation Cutoffs during a Cold Weather Event

LL20201101 Cold Weather Operation of SF6 Circuit Breakers

LL20220301 Managing UFLS Obligations and Service to Critical Loads during an Energy Emergency
LL20221201 Air Breaker Cold Weather Operations

LL20230401 Combustion Turbine Anti-Icing Control S@
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https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20110902_Adequate_Maintenance_and_Inspection_of_Generator_Freeze_Protection.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20110903_Generating_Unit_Temperature_Design_Parameters_and_Extreme_Winter_Conditions.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20111001_Plant_Instrument_and_Sending_Equipment_Freezing_Due_to_Heat_Trace_and_Insulation_Failures.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120101_Plant_Onsite_Material_and_Personnel_Needed_for_a_Winter_Weather_Event.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120102_Plant_Operator_Training_to_Prepare_for_a_Winter_Weather_Event.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120103_Transmission_Facilities_and_Winter_Weather_Operations.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120901_Wind_Farm_Winter_Storm_Issues.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120902_Transformer_Oil_Level_Issues_During_Cold_Weather.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120903_Winter_Storm_Inlet_Air_Duct_Icing.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120904_Capacity_Awareness_during_an_Energy_Emergency_Event.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20120905_Gas_and_Electricity_Interdependency.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20180702_Preparing_Circuit_Breakers_for_Operation_in_Cold_Weather.pdf
http://cc.readytalk.com/play?id=hdeicq
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20200601_Unanticipated_Wind_Generation_Cutoffs_during_a_Cold_Weather_Event.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20201101_SF6_CB_Operation_during_Cold_Weather.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20220301_Managing_UFLS_Obligations_Service_Critical_Loads_during_Energy_Emergency.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20221201_Air_Breaker_Cold_Weather_Operation.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20230401_CT_Anti-Icing_Control_Strategy.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20230401_CT_Anti-Icing_Control_Strategy.pdf
https://www.nerc.com/pa/rrm/ea/Lessons%20Learned%20Document%20Library/LL20230401_CT_Anti-Icing_Control_Strategy.pdf
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Questions and Answers
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\ Additional Resources

« ERO Failure Mode Mechanisms Working Group
« NERC Cold Weather Preparedness Webinar 09/05/2025 (2 hr. 25 min)

« NERC Reliability Guideline—Generating Unit Winter Readiness Current
Industry Practices V4, 06/2023 {V4 latest}
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https://www.nerc.com/comm/RSTC/Pages/FMMWG.aspx
https://www.nerc.com/comm/RSTC/Pages/FMMWG.aspx
https://www.youtube.com/watch?v=NzmPqjkYayo
https://www.youtube.com/watch?v=NzmPqjkYayo
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_Generating_Unit_Winter_Weather_Readiness_v4.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_Generating_Unit_Winter_Weather_Readiness_v4.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_Generating_Unit_Winter_Weather_Readiness_v4.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_Generating_Unit_Winter_Weather_Readiness_v4.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_Generating_Unit_Winter_Weather_Readiness_v4.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_Generating_Unit_Winter_Weather_Readiness_v4.pdf
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