5 PP Southwest
Power Pool

Planning Criteria

Revision 1.0

MAINTAINED BY:

Transmission Working Group
System Protection and Control Working Group
Generation Working Group

PUBLISHED: 11/20/2015
LATEST REVISION: Effective 1/1/2016

Copyright © 2015 by Southwest Power Pool, Inc. All rights reserved.



23PP

Southwest
Power Pool

REVISIONS
Revision Date Description of Modification
0.0 4/10/2015 Initial Creation
1.0 11/20/2015 Updated to reflect approval of RR117 and RR58_CRRO014.

Version 1.0

11/20/2015




‘Z)SPP Southwest
Power Pool

TABLE OF CONTENTS

1. GloSsSary .....ccvcercrcneccsnncene .16
2. Introduction..........ceeceeeecueeennee 17
2 R U 0T L O TP 17
3. Integrated Transmission Planning Manual (Placeholder)..........cccuvueevuercruensecnsuecseecnnnne 18
4. CaPACILy MATGIN ...ccicrvuriersricssnnicssanessssniossssesssssessssssssssosssssssssssosssssssssssssssssssssssssssssssssssssssssses 18
4.1 DEFINITIONS ..ottt bttt bbbttt n et 18
4.1.1  Load Serving MEMDEK ........cvciiiii ettt et re e e nne s 18
A.1.2  FIIM POWET ...ttt bttt 18
4.1.3  SYSTEM CAPACITY....ccuiiiieiieiieieie ettt ettt b ettt 18
A.14  INEELOAG. ...ttt bbb 19
O ST OF: 0T (ol A T T S OUOSPRRP 19
4.1.6 System Peak ReSPONSIDIILY .......c.ccoveiieiiiiiciice e 19
4.1.7  CaPACILY MAIGIN....cciiiiiiiiiiee bbbttt 20
4.1.8 Percent Capacity Margin........ccooiiiiiiiieieieiese e 20
4.1.9 Minimum Required Capacity Margin .........cccooeeerereniniiinieieese e 20
4.1.10 System Capacity Margin Responsibility...........cccccovieiiiiiiiiiiee e, 20
4.1.11 CapacCity BalanCe ...........coeiiiiiii et 20
4.1.12 Firm TranSMiSSION SEIVICE ......cc.eiiiuiriiiieiieieieste sttt sttt st 21
4.2  Capacity RESPONSIDIITY ....c.ooiiiiieiiie e 21
A3 RECOIUS ...ttt bbbt bttt Rttt 22
4.4 Generation PIANNING .....coovviiiecie et 22
R B 1o [ | o U (0 £ ST PP 22
Version 1.0 11/20/2015 3



‘Z)SPP Southwest
Power Pool

A.4.2  FUBLSUPPIY oo bbbt 22
5. Regional Transmission Planning 23
ST R O 0] (01T T O TP UPR PR 23
5.2 DEFINITIONS ...ttt 23
5.3 Coordinated PIANNING ......c.coviiiiieiecie ettt te e snaesreeneanes 24
5.3.1  PlanniNg CrITEIIA ......ccuiiuiiiiieieeei e 25
5.3.2  Planning ASSESSMENT STUGIES.........coviiuiiiiiiieieeeeie e 25
5.3.3  Benchmark SPP MOUEIS ..........coiiiiiiiiiiee e 26
5.4 SPP Compliance with NERC Reliability Standards for Transmission Planning............... 26
5.4.1 Base Case (TPL-00L) .....cccuuiiieieierieriesie ettt 26
5.4.2 Loss of Single Bulk Electric System Element (TPL-002) .........ccccocereneniineninienenen, 27
5.4.3 Loss of Two or More Elements (TPL-003) .......cccooeiiiiriiininieieierese e 28
5.4.4 Extreme EVENt (TPL-004)......c.coii oottt nne e 29
5.4.5 StUdY REGUITEIMENTS ......cviiiieiiieie ettt eesae e sae e reennenraenne e 30
546 MITIGAION PIANS ....c.viiiiiiiiiee e 30
5.4.7 Transmission Operating DIFECHIVES. .........ccoiiririieieie e 31
5.4.8 Reporting REQUITEMENTS .........cciuiiieiiecie ettt sra e e reenne e 31
5.5  INterconnNection REVIEW PIOCESS........c..ciiiiriiieiiiieiieisii ettt 31
6. Regional Calculation of Available Transfer Capability .......cccccceveeveecrensinensecssnecsaensnennne 31
6.1 DEFINITIONS ...t bbbttt bbbttt 32
6.1.1 Base Loading, Firm and Non-Firm (FBL & NFBL)..........ccccviiiiiiiineeeceee, 32
6.1.2 Capacity Benefit Margin..........cceoiiiiiioiie st 33
6.1.3  ContraCtual LIMIT........ooiiiiiiieieei e 33

Version 1.0 11/20/2015 4



‘Z)SPP Southwest
Power Pool

6.1.4  CritiCal CONINGENCY ...eouiiiiieiiieie ettt sttt et saeesteeneenreenne e 33
6.1.5 Designated Network Resources (DNR) ......ccooiiiiiieriiiie e 33
6.1.6 Emergency Voltage LIMITS ........ccoooiiiiiiiiiiieieee e 33
6.1.7 Firm Available Transfer Capability (FATC) .....cocooieiiiie e 33
6.1.8 First Contingency Incremental Transfer Capability (FCITC) ......cccccevevvevviccsienenn, 33
B.1.9  FIOWGALE. .....eeeeeeeieeet et bbb bbb 34
6.1.10 Line Outage Distribution Factor (LODF) .......ccccoiiiiiiniiiiiiieeenese e, 34
6.1.11 Local Area ProDIBIM ......coouiiiiiiiii e 34
6.1.12 MONItOred FACHIITIES ......ccvivieiiciiice e 35
6.1.13 Non-firm Available Transfer Capability (NFATC) .......cccooveiiiiiiiiece e, 35
6.1.14 Normal Voltage LIMITS .......coooiiiiiiiiiieieseseee et 35
6.1.15 Open Access Transmission Tariff (OATT) oo, 35
6.1.16 Operating HOTIZON ........ccooiiiice et nne e 35
6.1.17 Operating PrOCEAUIE .........ccveiuieie ettt sre e e reeae e 35
6.1.18 Outage Transfer Distribution Factor (OTDF).......cccccoieiiiiniiiiieeee e, 35
6.1.19 PartiCIPation FACIOT ........c.ciiiieieieiese et 36
6.1.20 PartiCIPation POINTS ........c.ciiiiiiiieiiesie sttt 36
6.1.21 Planning HOFIZON ......cc.ooiuiiieie ettt nne e 36
6.1.22 Power Transfer Distribution Factor (PTDF).......c.cccveiiiiiiieiecc e 36
6.1.23 Power Transfer Voltage Response Factor (PTVE) ..., 36
6.1.24 SPP Open Access Transmission Tariff (SPP OATT) ...cccvviviiieiieiene e, 36
6.1.25 Transfer Distribution FACtOr (TDF) ....c..coviiiiiiiiii e 36
6.1.26 Transter TSt LEVEl ..o 36
Version 1.0 11/20/2015 5



‘Z)SPP Southwest
Power Pool

6.1.27 TransmisSion OWNET (TO) ...ciuieiiiieiieie ettt sre e re e 36
6.1.28 Transmission ProVider (TP) .....cocooiieieiie et 37
6.1.29 TransmiSSION USEI (TU) ..ocueiiiiiiieiieie ettt 37
6.1.30 Transmission Reliability Margin (TRM) .......cccoiiiiieiiiie e 37
6.1.31 TRM MUILIPHErS (8 & D) .ocvveiieeie e e 37
5.2 COMCEPLS. ..ttt 37
6.2.1  Transter Capability ... 37
6.2.2 Auvailable Transfer Capability..........ccooiiiiiiiiiic e 38
6.2.3  RESPONSE FACIOIS ....iiiiiiiiiiie ittt sttt e e e e bbb e b e e anes 39
6.2.4 Transfer Capability LIMItationS..........cccocveiiiiiiic e 40
6.2.5  INVAIA LEIMITS ..ottt sttt 41
B.2.6  FIOWGALES ...ttt bbbttt 41
6.2.7 Total Flowgate Capacity (TFC) ......coeiiiiiiiieie e 42
6.2.8  FIOWQate CaPaCILY .....ceccviiieiieeii ettt reenne e 43
6.2.8.1 Total Flowgate Capacity (TFC) ......coceieiiiiiiriiiriesieee e 43
6.2.8.2 Auvailable Flowgate Capacity (AFC) ... 43
6.2.8.3 Firm and Non-Firm Available Flowgate Capacity (FAFC and NFAFC)............... 43
6.2.9  SYSEEIM IMPACES ..ottt e e e b e e e e reeeanes 44
6.2.9.1 Impacts of EXisting COMMItMENTS..........cccciveiiiiieiicie e 44
6.2.9.2  POSIIVE IMPACTS ..ottt bbb 44
6.2.9.3  COUNTET IMPACES .....uviiiieiiiicie e 45
6.2.10 MONItOred FACHITIES .......oiviieiiiceece e 45
6.2.11 Critical CONTINGENCIES.....ccvieiiieiiieiiee ettt e e e e et e e sraeaaeenree s 45

Version 1.0 11/20/2015 6



‘Z)SPP Southwest
Power Pool

6.3 RelADIILY MAIGINS ....cviiiitiiiiiee e 45
6.3.1 Transmission Reliability Margin (TRM) .......cooiiiiiiiieeee e, 46
6.3.2  TRM COOTTINALION. .....cuiitiiiiiieiiei et 47
6.3.3 TRM Availability for Non-firm ServiCe........ccccooviieiiiie i 48
6.3.4 TRM Calculation FrEQUENCY........ccueiieiiiieiie e cie st e et se e e e sre e e e 48
6.3.5 Capacity Benefit Margin (CBM) .......c.coiiiiiiiiicie e 48

6.4 Flowgate and TFC Determination ...........coocooiiiiieiieieiesiese e 49
6.4.1 FIOWQAte UPAALES......ccveeiiieieiiecie ettt naenne e 49
6.4.2  ANNUAI REVIBW......oiiiiiiiiieie ettt 50

6.4.2.1 POWEr FIOW MOTEIS .......oeemiiiiiiiiiee e 50
6.4.2.2 Parameters supplied by the Transmission OWNEIS ..........cccoevvveriiereeiiesieeneeieneenn 51
6.4.2.3  Default ParamMeters. ........ccooiiiiiiiiieieeee e 51
6.4.2.4  VOIAGE LIMILS ..oveiiiiiciicc ettt ra et enne s 52
6.4.2.5 Linear Analysis and AC Verification ...........cccccoeiviiiiiiiiieie e 52
6.4.2.6  OpPErating PrOCEUAUIES........c..oiiiiiiiiiiieiieiet ettt bbb 53
6.4.2.7 ldentification of Flowgate Changes ..........cccooiriiiieiiiiiiieiee e 53
6.4.2.8 Review and Coordination with Transmission OWNEIS ..........cccocevvrereneniesieinenns 53
6.4.2.9 Initiating Interim Review of Flowgate LiSt ...........ccccoveveiieiiiic e, 54
6.4.3  DiSPULe RESOIULION.......ccviiieii ettt reeene e 54
6.4.4 Coordination With NON-SPP MEMDEIS .......cccoiiiiiiiiiiiei e 55
6.4.5 Feedback t0 SPP MEMDEIS ......c.oiiiiii e 55

6.5 ATC Calculation ProCRAUIES ........cooiiiiiiiiiiiii it 55

6.5.1 ATC Calculation and Posting TIMeframes.........cccccevvviiiiiieiiie e 55

Version 1.0

11/20/2015 7



‘Z)SPP Southwest
Power Pool

6.5.2 POWET FIOW MOUEIS ... 56
6.5.3 Base Loading, Firm and Non-Firm (FBL & NFBL)..........cccociiiiiinniieiie e, 56
6.5.4 Transfer Distribution Factor Determinations (TDF)........ccccoovvieiienenie e, 57
6.5.5 Existing Commitments and Netting PractiCes ..........ccccoovvveiiiieiiiene e 57
6.5.5.1 Yearly Calculations (whole years, starting 60 days OULt) .........cccccevveiieriiereiieennnn. 57
6.5.5.2 Monthly Calculations (months 2 through 16) ..........ccceoeiieniiiiiiieieee e 58
6.5.5.3 Daily and Weekly Calculations (Day 2 through 31)........cccccevirininiinieniinineeien, 58
6.5.5.4 Hourly Calculations (Day 1) .......ccccceueiiiieiieie e sneas 58
6.5.6 Partial Path RESEIVALIONS .........ccviiiiiiiiiieiei e 58
6.5.7 ATC Adjustments Between Calculations .............ccceeceiiieiieie s 59
6.5.8 Coordination of Transmission Commitments with Neighboring Organizations.......... 59
6.5.9  IMIAIGINS ...ttt bbbt 59
6.5.10 ATC DEterMINAION ......cvivieiieiiitiieise ettt 59
6.5.10.1 Firm Base Loading (FBL)™, * ... 59
6.5.10.2 Non-Firm Base Loading (NFBL)™, **: ..o 60
6.5.10.3 Firm Available Flowgate Capacity (FAFC): .....ccooviiiiiieieie e 60
6.5.10.4 Non-Firm Available Flowgate Capacity (NFAFC, Operating Horizon): .............. 60
6.5.10.5 Non-Firm Available Flowgate Capacity (NFAFC, Planning Horizon)................. 60
6.5.10.6 Firm Available Transfer Capability (FATC): ..o 60
6.5.10.7 Non-Firm Path Available Transfer Capability (NATC, Operating Horizon): ....... 60
6.5.10.8 Non-Firm Available Transfer Capability (NFATC, Planning Horizon):............... 60
6.5.11 Annual ReVIEW Of ATC PrOCESS .......cciiiiiiiiiiiiieieieie et 61
6.5.12 Dialog With TranSmMiSSION USEIS.......cciuiiiuieiiieiie it siie e e siee e seesae et reessae e e anee s 61

Version 1.0 11/20/2015 8



‘Z)SPP Southwest
Power Pool

7. Electrical Facility Ratings ee62
7.1 Accredited Net Generating CapaCIty ........c.cccvreiieiieiieriese s 62
7.1.1  Accredited Capability TSt ......ccviiieiieiecie e 62
N A O T - U o g L =T OSSR 63
7.1.3  FrequencCy Of TESHING ....cccocoieiieie ettt e e ne e sne e e e 63
7.1.4 Net generating capacity and Testing Conditions ............ccocvrvririeienene s, 63
7.1.5 Procedures For Establishing Capability RAtings...........c.ccovvririiiieieiene e, 63
7.1.5.1  EXEEINAI FACIOIS .....oviiiiiiiiieiiiteiee et e 63
7.1.5.2  SEASONAIILY ....cveeieeie ettt st et ettt re e re e nre s 64
7.1.5.3 Net Generating Capacity AdJUSTMENTS...........cooiriiiiiieieeee e 66
7.2 Rating of TransmiSSION CIICUILS ......ccuoiviriiriiiiiiiiieiee e 68
7.2.1  POWET TIANSTOMMIET ...ttt 69
7.2.1.1 NOMMAl RAUNG......eiiiiieiie ettt sre e sae e e s e e beaneenres 69
7.2.1.2 EMErgency RALING........cccveiiiiieii ettt sra e e sae s 70
7.2.1.3 0SS OF LITE ...t 70
7.2.1.4 AMDIENT TEMPEIATUIE ..ottt bbb 70
7.2.2  OVErhead CONUUCTON .......ccuiiiieiiitieee sttt 71
7.2.2.1  CoNAUCTOr PrOPEITIES ...c.vicvieiiieie ettt sttt re e sra e re e nae s 71
7.2.2.2  Line GeographiC LOCAION .......c.ccviiieiiiie et 71
7.2.2.3 RAAIAtION PrOPEITIES......oviitiiiiiiiiiiiieee et 71
7.2.2.4 Weather CONGITIONS ......cc.oiiiiiiiiiieiee et 73
7.2.2.5 Maximum Conductor TEMPEIatUIe........coviivieiieiieesiee et 73
7.2.2.6 Determination of Maximum Conductor Temperature ..........cccccevvveeveeivesieesveene 74

Version 1.0 11/20/2015 9



‘Z)SPP Southwest
Power Pool

7.2.2.7 Hours of Operation at Emergency Rating............covviiriieieiineneneseseseseseees 75
7.2.3  UNderground CabIES ..........coiiiieieieiee e 75
7.2.3.1  Cable AMPACITY ...ouviiiieieitiiterie e 76
7.2.3.2  CoNAUCIOr TEMPEIALUIE ......oivveieerieiieeiie e ee e et et e e e sreeste s e sraesaeeneesraeteaneenneas 76
7.2.3.3  AMDIENt TEMPEIALUIE .....ecvviivieieeie ettt e e e e be e e nnes 78
T.2.4  SWITCNES ...ttt bbb bbbt et b ettt 78
T.2.5  WWAVE TTAPS ..ottt b et b et b e et r b e r e ne e 79
7.2.6  CUITeNt TraNSTOIMEIS......couiiiieiiit et 79
7.2.6.1 Separately Mounted Current Tranformers.........cccocccvveveiieeie s 79
7.2.6.2  Bushing Current TranSfOrMErS ..........cocvevieiiiii i 80
T7.2.7  CIrCUIT BrEAKEIS ...ttt 80
7.2.8 Ratings of Series and Reactive EIEMEeNtS...........ccooviiiiiiiiniiicceee e, 80
7.2.9 Ratings of Energy Storage DEVICES .........cciveiiiieiieeie et 81
7.2.10 CirCUIt RALING ISSUES .....cuviivieiieeie ettt sttt ettt baeste e saeesreeneesraenne e 81
7.2.10.1 Dynamic (Real TIME) RALINGS .....cccvereieiiieiiesiesie et 81
7.2.10.2 Non-Thermal LIMITAtIONS .........ccoviiriiiiiiiieniesiesiese e 81
7.2.10.3 THE LINES .ttt ettt bbbttt bbbt 82
7.2.10.4 Rating INCONSISTENCIES .....c.viivieieeie ettt re e anaesae s 82
7.2.10.5 Damaged EQUIPMENL.........c.ooiiiiieieece ettt nae s 82
7.2.11 Reporting REQUITEIMENTS .......c.oiiiieieieiiesiesiee et 82
7.3 System Operating LIMITS (SOLS) ....couiiviriiriiiiiiiiiieiee e 83
7.3.1 Methodology for Determination of Operating Horizon SOLS.........ccccccceevvevieiiieeninnn, 83
7.3.1.1  SOL PrOVISIONS ...ttt ittt n bbb 85

Version 1.0 11/20/2015 10



‘Z’SPP Southwest
Power Pool

7.3.1.2 System Modeling and Contingency Definition..........cccccevveviiiniinneniesiencsie e, 86
7.3.1.3  Methodology DiStriDULION. .........cciiiiiieiiieiice e 86
7.3.1.4 Comments 0N MethodolOgy.......ccuviieiiiiiiiiieie e 87
7.3.2 Methodology for Determination of Planning Horizon SOLS .........cccccccevvevvevccieennenn, 87
7.3.2.1  SOL PrOVISIONS ..ottt e 88
7.3.2.2 System Modeling and Contingency Definition..........cccccovveriiiiiinieeie e 89
7.3.2.3  Methodology DiStriDULION. .........ceiiiiiieieiees e 91
7.3.2.4 Comments on Methodology........cceiveiiiiiiieie e 91

8. System Protection Requirement 92
8.1 Disturbance Monitoring EQUIPMENT .........ccoiiiiiieieieiee e 92
8.1.1 General Minimum Technical REQUIFEMENTS ........ccoiiiiriiirireee e, 93
8.1.1.1 DFR Minium Technical REQUIFEMENTS..........ccoiiiriiiiieieiee e 93
8.1.1.2 SOE/SER Minimum Technical ReqUIrEMENtS...........c.ccerivereiiieieeie e 94
8.1.2 DDR Minium Technical REQUIFEMENTS .........cceviiiieiieiie e 94
8.1.3 Required Location for Disturbance Monitoring EQUIpPMeNt..........ccccooeveniriienienen, 95
8.1.4 Periodic Review of Disturbance Monitoring EQUIPMENt.........cccoeveieniieneniiieeen, 96
8.1.5 Requests for Disturbance Data and Retention Requirements..............cccecveveecvesreennenn, 96
8.2  TransmissSion ProteCtion SYSIEMS ........ccveiiiiieiieiie et 97
8.2.1  INErOGUCTION ...ttt ettt 97
8.2.2  ProteCtion SYStEM REVIEW .......cuiiiiiiiiiiiiieiieeiee e 97
8.2.2.1 Assessment Of System PerformancCe .........cccooeveiiieiininieiee e 97
8.2.2.2 Reviews of Components and SYStEMS ........ccveiieiiieriie e 98
8.2.3  SYStemM REAUNUANCY ......uviiiieiiie ittt et e e e e nnee s 98

Version 1.0 11/20/2015 11



‘Z’SPP Southwest
Power Pool

8.2.4 Monitoring, Analysis and Notification of MiSOPerations...........c.cceevvververesveneennenn. 99
8.2.5 Transmission Protection System Maintenance and Testing Programs...................... 101
8.2.6 Requests for Transmission Protection System Data ............cccooeveieneniininiinicicene. 102
8.2.7 Transmission Prtection Systems Criteria Updates...........ccccovveveeveiieieevieseese e 102
8.3 Under-Frequency Load Shedding and ReStoration............cccccceevvereiieeieenesieeseese e 102
8.3.1 Automatic Load SNEAAING ......cceiiriiiiieieiieiie sttt 102
8.3.1.1  OpPerating RESEIVE. .....ccuiiuiieiiiiiieieeieee ettt bbb 102
8.3.1.2  Operating PriNCIPIES.........coiiiiiieie ettt 102
8.3.1.3 Requirements for Testing and Maintenance Procedures ............cccovvevveiveieennnnn, 103
8.3.1.4  RESIOTALION .....cviitiieiiete ettt 103
8.3.2 Manual Load SNHedaiNg ........cccoiiiiiiiiiieieieic e 104
8.3.2.1  CONSEIVALION ...ttt bbbttt b e bbbttt 104
8.3.2.2  ServiCe INTEITUPLION .....ccvveiiiiecieee ettt re e 105
8.4 Special Protection Systems EQUIPMENT ..........ccveiieiiiie e 106
8.4.1 Operating Requirements and System Redundancy ...........cccocervererieereeniesieenneneenenns 106
8.4.2 Location and Data Reporting for Special Protection Systems Equipment ................ 106
8.4.3 Testing and Maintenance ProCEAUIES ..........cceieiiiiriiieieieee e 107
8.4.4 Periodic Review of Special Protection Systems Equipment............c.cccoevveiveieiiennen. 107
8.4.5 Requests for Special Protection Systems Data ..........ccccceevveiieieiieiie s 108
8.4.6 Submittals of Special Protection Systems MiSOPerations............cccocevererennsieninenne. 108
8.4.7 Submittals for New, Modified, (including Removal) or Renewed Special Protection
SYSTBIMS <.ttt 109

8.5 Undervoltage Load SNEAdiNg ........ccoeiiiiiiiiiiiiciee e 110

Version 1.0 11/20/2015 12



‘Z)SPP Southwest
Power Pool

8.5.1  Program PartiCIPANTS...........cooeiiiiiiiieieieie ettt 111
8.5.2 Operating Reserve and PriNCIPIES ..o 111
8.5.3 Location and Data REPOITING ........ccviiiiiieiieiieiesiesese e 112
8.5.4 Monitoring, Analysis and Notification of MiSOperations............cccccevevevieiieeneaiiennnn 112
8.5.5 Testing and Maintenance PrOCEAUIES ...........ccveiieieeiieiieeieseesie e see e eenae e sreas 114
8.5.6 Periodic Review of Undervoltage Load Shedding Equipment.........c.ccocevvvvviienennn. 114
8.5.7 Requests for Undervoltag Load Shedding Data.............cccoerereneiincninininieeeenen 114
8.5.8 Coordination of Undervoltage Load Shedding Programs............cccccevvevveieeneciiennnnn 115
8.6 Automatic Load SNeddiNg .........ccccuieiiiiieiieie st 115
8.6.1  Program PartiCIPantS..........ccoeiiieiieeiieiiesir e see et sre et sre e ste e sre e re e be e nre s 115
8.6.2 Operating Reserve and PriNCIPIES........ccoiiiiiiiiiee e 116
8.6.3 Location and Data REPOITING ........ccviiiirieieiie e 118
8.6.4 Monitoring, Analysis, and Notification of Misoperations.............c.cccocveveiieeieciiennnnn 118
8.6.5 Testing and Maintenance PrOCEAUIES ...........coveieeiieiieie e ste et 119
8.6.6 Periodic ReView Of EQUIPMENT ......coiiiiiiiieie e 120
8.6.7 REQUESES TOI DALA.......ccvieiiiiieiieitisie et 120
8.6.8  Co0rdination Of PrOgramS.........ccoiiiiiiiiieiesie et 121
8.7 Generation Control and ProteCtioN ...........ccoeoiiiririeiiiicce e 122
8.7.1 Reviews of Components and SYSIEMS ..........ccoveiiiiieiiieie e 122
8.7.2 Monitoring, Analysis, and Notification of Misoperations............cccccovevevviivereeriennnnn 124
8.7.3 Generation Protection System Maintenance and Testing Programs...........c.cccceevenee. 125
8.7.4  REQUESES TOr DALA........ccueiiiieiiie ittt ettt e te e sree s 126
8.7.5  Coordination OF PrOgramsS........cccuiiiuieiiiiiiiee sttt re e snee s 126
Version 1.0 11/20/2015 13



‘Z)SPP Southwest
Power Pool

8.7.6  Generation Protection Systems Criteria UpPdates...........ccooeereneieneneneneseeeeeenes 127
8.8 Generator Controls — Status and OPErationsS...........cecerereriririieiieierese e 127
8.8.1 Generator Excitation System Control OPeration ............cccceoevererenenienesieseeeeeenen 127
8.8.1.1 RepOIting PrOCEUUIES.......ccuiiiiiieeiecee st esie ettt sbe e e sre e sreeee e 127
8.8.1.2  EXEMPL GENEIALOIS. ...cciuviieiiriieiiiie ettt sibee sttt et e et e st e e st s st e et e e eesnbeeennneas 127
8.8.2 Generator Operationg for Maintaining Network Voltage............c.ccocooniiiiniiiicnenn. 128
8.8.2.1 Control Area ReSpONSIDIITIES.........ccoveiiiiiiiiii e, 128
8.8.2.2 Generator Owner/Operator Responsibility ...........ccccooveviiiiiiiiiic e, 128
8.8.3 Generator Step-Up and Auxiliary Transformer Tap Settings..........cccoeveveviveiecviennnn, 129
8.8.3.1 RepOIting PrOCEUUIES.......ccueiiiiieeie ettt sttt re e 129
8.8.4 Generator Performance during Temporary EXCUISIONS .........cccccvienereniniinneniennennen 129
8.8.4.1 EXCUISIONS VOIAGE ....c.vevieiitiiiieiieieie et 129
8.8.4.2 Excursions in Real and Reactive Power QUpUL ...........ccccoveiieviiie i, 130
8.8.4.3  EXMPL GENEIALOIS. ...eiiuiiieiiiieeiiiieeiieeestieeesitee et e e sire e ssa e e b e e et e e abe e e s nbeeesnseeeanneas 130
8.8.5 Generator Voltage Regulator Controls and Limit FUNCLIONS...........ccovvevieiveieiiennnnn 130
8.8.5.1 RepOItiNg PrOCEAUIES........ccuiiiiiiiiieiieieieee sttt 130
8.8.6  Governor Control OPEratioN ...........ccoieiriieiieie et 130
8.8.6.1 RepOIting PrOCEUUIES.......ccueciiiieeie ettt sttt reenre e 131
8.9 Inter-connection REVENUE IMELEIING .......civeiiiieiieie et 131
8.9.1 Meter Technical and Data Reporting ProtoCoIS..........ccceveiriiniieneieniieeceeeeen 131
8.9.2 Revenue “Meter Technical and Data Reporting Protocols” Cross Reference........... 131

Version 1.0 11/20/2015 14



23PP

Southwest
Power Pool

List of Exhibits:

No table of figures entries found.

Version 1.0

11/20/2015

15



23PP

Southwest
Power Pool

1.

Glossary

Version 1.0

11/20/2015

16



‘Z)SPP Southwest
Power Pool

2. Introduction

2.1 Purpose

The Planning Criteria developed by SPP provide background information, guidelines, business
rules, and processes for the operation and administration of the SPP Planning Process.
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3. Integrated Transmission Planning Manual (Placeholder)

4, Capacity Margin

This Criteria requires and provides for the sharing of reserve generating capacity as a means of
reducing capacity requirements of each Member and providing reliable electric service to firm
customers due to the equitable purchase, sale and exchange of generating capacity among
Members.

4.1 Definitions

4.1.1 Load Serving Member

A Load Serving Member shall mean any SPP Member assuming legal obligation to provide firm
electric service to a customer or group of customers within SPP.

4.1.2 Firm Power

Firm Power shall mean electric power which is intended to be continuously available to the
buyer even under adverse conditions; i.e., power for which the seller assumes the obligation to
provide capacity (including SPP defined Capacity Margin) and energy. Such power shall meet
standards of reliability and availability as that delivered to native load customers. For purchases
and sales, the contract amount governs regardless of the amount actually delivered at the time of
such Load Serving Member's greatest Net Load. Power purchased shall only be considered to be
Firm Power if Firm Transmission Service is in place to the Load Serving Member for delivery of
such power. Firm Power does not include “financially firm” power.

4.1.3 System Capacity

A Load Serving Member’s System Capacity shall be equal to the capability of its generating
facilities, including its ownership share of jointly owned units, demonstrated under procedures
set forth in SPP Rating of Generating Equipment Criteria, adjusted to reflect the purchase from
and/or sale to any other party of generating capacity or SPP defined Operating Reserve, under
any appropriate agreement. For purchases and sales, the contract amount governs regardless of
the amount actually delivered at the time of such Load Serving Member's greatest Net Load.
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Capacity purchases shall only be considered if Firm Transmission Service is in place to the Load
Serving Member for delivery of power from such capacity.

Unless reported separately, generating facilities owned by others within the Load Serving
Member’s system that are obligated to furnish firm power to customers within the Load Serving
Member’s system shall also be reported. Absent any bilateral contractual arrangements with the
host Control Area, the host Control Area will not be required to be responsible for capacity
and/or reserve requirements. The reporting of generating facilities owned by others does not
constitute an obligation on the Load Serving Member's part to furnish reserves or back up power
for that generation.

41.4 Net Load

The term Net Load for any Load Serving Member shall mean, for any clock hour:
a) Net generation by the Load Serving Member's facilities; plus
b) Net receipts into the Load Serving Member's system; minus
c) Net deliveries out of such Load Serving Member's system

Unless reported separately, the Net Load of other non-Load Serving Members located within the
Load Serving Member’s system shall also be reported. Absent any bilateral contractual
arrangements, the reporting of these loads does not constitute an obligation on the Load Serving
Member's part to furnish reserves, back up power, or incur financial obligations from SPP for
that load.

4.1.5 Capacity Year

Capacity Year shall mean a period of twelve consecutive months beginning on October 1 of each
calendar year. Any period less than a Capacity Year shall be designated as Short Term.

4.1.6 System Peak Responsibility

System Peak Responsibility of a Load Serving Member for any Capacity Year shall mean the
Load Serving Member's greatest Net Load during that Capacity Year plus:

a) The contract amount of Firm Power sold to others under agreements in effect as of the
time of such Load Serving Member's greatest Net Load which provide for the sale of a
specified amount of Firm Power; and minus
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b) The contract amount of Firm Power purchased from others under agreements in effect as
of the time of such Load Serving Member's greatest Net Load which provide for the
purchase of a specified amount of Firm Power.

In each case, the contract amount governs regardless of the amount actually delivered at the time
of a Load Serving Member's greatest Net Load.

4.1.7 Capacity Margin

Capacity Margin shall mean the amount by which a Load Serving Member's System Capacity
exceeds its System Peak Responsibility.

4.1.8 Percent Capacity Margin
Percent Capacity Margin shall be defined by the formula:

Percent Capacity Margin = (Capacity Margin/System Capacity) x 100
4.1.9 Minimum Required Capacity Margin

Each Load Serving Member’s Minimum Required Capacity Margin shall be twelve percent. If a
Load Serving Member’s System Capacity for a Capacity Year is comprised of at least seventy-
five percent hydro-based generation, then such Load Serving Member’s Minimum Required
Capacity Margin for that Capacity Year shall be nine percent.

4.1.10  System Capacity Margin Responsibility

A Load Serving Member’s System Capacity Responsibility for any Capacity Year shall mean the
sum of that Load Serving Member's System Peak Responsibility and its Minimum Required
Capacity Margin.

4.1.11  Capacity Balance

Capacity Balance shall mean the amount by which a Load Serving Member's System Capacity
exceeds its System Capacity Responsibility.
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4112 Firm Transmission Service

Firm Transmission Service is that service defined in any applicable transmission service provider
tariff.

4.2 Capacity Responsibility

a) Each Capacity Year, each Load Serving Member shall possess System Capacity at least equal
to its System Capacity Responsibility.

b) Prior to the establishment of its System Peak Responsibility for each Capacity Year, each
Load Serving Member shall provide System Capacity by one or more of the following
means:

i) Establishing a unit rating consistent with SPP generating equipment rating Criteria,
prior to establishing its System Peak Responsibility;

i) Reducing its System Peak Responsibility by purchase of Firm Power from any
Member or non-Member by separate agreement;

iii) Separate written agreement with another Member or a non-Member for purchase of a
specified amount of capacity; and/or

iv) Reducing its Net Load.

c) A Load Serving Member may purchase Short Term capacity to provide a part of its System
Capacity or Short Term Firm Power to reduce its System Peak Responsibility subject to each
of the following restrictions:

i) Such Short Term period shall not be less than four consecutive months, and shall
include the day the Load Serving Member establishes its System Peak Responsibility.
Such period shall begin during May 1 to June 1 or November 1 to December 1;

ii) The amount of Short Term capacity or Short Term Firm Power purchased shall not
exceed 25% of the Load Serving Member's System Peak Responsibility; and

iii) The Load Serving Member shall purchase such Short Term Capacity or Short Term
Firm Power prior to the start of the Short Term period.
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d) A Load Serving Member may sell Short Term Capacity or Short Term Firm Power from
resources comprising its Capacity Balance, provided that it’s System Capacity Responsibility
IS met.

4.3 Records

Each Load Serving Member, upon request, shall provide accurate and detailed records of
information related to this Criteria to the SPP Staff. Except for System Peak Responsibility, all
other information shall be provided prior to establishing System Peak Responsibility for a
Capacity Year and shall include; validation of System Capacity per SPP Rating of Generating
Equipment Criteria, Capacity purchase and sale contracts, Firm Power purchase and sale
contracts, and firm transmission service agreements. The SPP Staff shall verify information
supplied by each Load Serving Member. Calculations shall be based on the highest peak load of
each of the Load Serving Members during the Capacity Year. All capacity and demand values
will be rounded to the nearest whole MW for purposes of this Criteria. All data submitted to SPP
related to this Criteria shall be considered confidential by the SPP Staff and shall not be released
in any form except by force of law

4.4 Generation Planning

4.4.1 Design Futures

a) In order to maintain a balanced design of the electric system, excessive concentration of
generating capacity in one unit, at one location, or in one area shall be avoided.

b) Auxiliary power sources shall be provided in each major generating station to provide for the
safe shutdown of all the units in the event of loss of external power.

c) In each major load area of SPP, a unit capable of black start shall be provided having the
capability of restarting the other units in the area.

d) Boiler controls and other essential automation of major generating units shall be designed to
withstand voltage dips caused by system short circuits.

4.4.2 Fuel Supply

Assurance of having desired generating capacity depends, in part, on the availability of an
adequate and reliable fuel supply. Where contractual or physical arrangements permit
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curtailment or interruption of the normal fuel supply, sufficient quantities of standby fuel shall be
provided. Due to the dependence of hydroelectric plants on seasonal water flows, this factor shall
be taken into consideration when calculating capacity for capacity margin requirements.

S. Regional Transmission Planning

5.1 Concepts

The interconnected transmission system shall be capable of performing reliably under a wide
variety of expected system conditions while continuing to operate within equipment and electric
system thermal, voltage, and stability limits. The transmission system shall be planned to
withstand all single element contingencies and maintenance outages over the load conditions of
all seasonal models as developed by MDWG. Extreme event contingencies which measure the
robustness of the electric systems should be evaluated for risks and consequences. The NERC
Reliability Standards define specific requirements that provide a high degree of reliability for the
bulk electric system. SPP provides additional coordinated regional transmission planning
requirements to promote reliability through this Criterion and related “Coordinated Planning

Procedures” in the SPP Open Access Transmission Tariff.

5.2 Definitions
All capitalized terms shall have their meaning as contemplated in the SPP OATT, unless defined
below.

Bulk Electric System — Bulk Electric System shall have the definition as provided in the NERC
Glossary of Terms Used In Reliability Standards, as may be amended from time to time.

NERC — The North American Electric Reliability Corporation, or its successor organization,
which is an organization of all segments of the electric industry that recommends, sets, oversees,
and implements policies and standards to ensure the continued reliability of North America’s
bulk electric system.

Nominal Voltage — The root-mean-square, phase-to-phase voltage by which the system is
designated and to which certain operating characteristics of the system are related. Examples of
nominal voltages are 500 kV, 345 kV, 230 kV, 161 kV, 138 kV, 115 kV and 69 kV. SPP shall
evaluate contingencies on the transmission system for all system elements with a Nominal
Voltage of 60 kV or greater.
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Planned Project — A transmission project, driven by system needs and the recommended solution
among considered alternatives, which is a specific commitment to upgrade the transmission
system, which has little, if any, outstanding issues, including, but not limited to: budgetary
processes, siting, permitting, equipment procurement, installation, regulatory or other approvals,
that could delay implementation beyond the expected in-service date.

5.3 Coordinated Planning

SPP members operate in a highly interconnected system and shall coordinate transmission
planning.  This coordination shall include voluntary efforts between interconnected SPP
members and non-members. SPP shall be the primary responsible party for coordinated
transmission planning.

The planning and development of transmission facilities shall be coordinated with neighboring
systems and regions to preserve the reliability benefits of interconnected operations. The
transmission systems should be planned to avoid excessive dependence on any one transmission
circuit, structure, right-of-way, or substation.

The transmission system of the SPP region shall be planned and constructed so that the
contingencies as set forth in the Criteria will meet the applicable NERC Reliability Standards for
transmission planning. The Model Development Working Group (MDWG) shall annually
assemble and verify power flow models, short circuit models, and stability models, which shall
be used by SPP staff to check compliance with NERC Reliability Standards for transmission
planning. Extreme contingency evaluations shall be conducted to measure the robustness of the
transmission systems and to maintain a state of preparedness to deal effectively with such events.
Although it is not practical to construct a system to withstand all possible extreme contingencies
without cascading, it is desirable to understand the risks and consequences of such events and to
attempt to limit the significant economic and social impacts that may result.

Sufficient reactive capacity shall be planned within the SPP electric system at appropriate places
to maintain transmission system voltages 60 kV and above within plus or minus 5% of nominal
voltage on all buses under normal conditions and plus 5% or minus 10% of nominal voltage on
load serving buses under single contingency conditions.
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53.1 Planning Criteria

Individual members may develop Planning Criteria that shall, at a minimum, conform to NERC
Reliability Standards and SPP Criteria. Individual member Criteria shall consider the following:

(1) Excessive concentration of power being carried on any single transmission circuit, multi-
circuit transmission line, or right-of-way, as well as through any single transmission
station shall be avoided.

(2) Intra-regional, inter-regional, and trans-regional power flows shall not result in excessive
risk to the electric system under normal and contingency conditions as outlined in this
criteria.

(3) Switching arrangements shall be planned to permit effective maintenance of equipment
without excessive risk to the electric system.

(4) Switching arrangements and associated protective relay systems for all facilities defined
in SPP Planning Criteria shall be planned to not limit the capability of a transmission path
to the extent of causing excessive risk to the electric system.

(5) Sufficient reactive capacity shall be planned within the SPP electric system at appropriate
places to maintain applicable transmission system voltages under base case and
contingency conditions.

(6) Facilities shall be rated as assigned in SPP Planning Criteria section 7.

53.2 Planning Assessment Studies

Individual transmission owners shall perform individual transmission planning studies and shall
cooperate in the SPP Transmission Expansion Plan and other SPP coordinated studies. These
planning studies are for the purposes of identifying any planning criteria violations that may exist
and developing plans to mitigate such violations. Members shall contact the Transmission
Working Group whenever new facilities are in the conceptual planning stage so that optimal
integration of any new facilities and potentially benefiting parties can be identified. Studies
affecting more than one system owner or user will be conducted on a joint system basis.
Reliability studies shall examine post-contingency steady-state conditions as well as stability,
overload, cascading, and voltage collapse conditions. Updates to the transmission assessments
will be performed, as appropriate, to reflect anticipated significant changes in system conditions.
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5.3.3 Benchmark SPP Models

SPP staff shall benchmark model data against actual SPP system conditions (e.g., generation
dispatch, load, and load power factor) which correspond to the time frames for which the models
are created. As a minimum the results shall be reported semiannually.

5.4 SPP Compliance with NERC Reliability Standards for
Transmission Planning

54.1 Base Case (TPL-001)

All power flow models developed by the MDWG shall be evaluated for compliance with the
NERC Reliability Standard for system performance under normal (no contingency) conditions
(Category A of Table 1). In addition to the NERC requirements, SPP requires that these models
shall conform to the following standards:

(1) Normal Operations — Any established normal (pre-contingency) operating procedures
shall be filed by the applicable Transmission Owner with SPP and shall be kept on file by
the SPP staff liaison to the SPP MDWG. Normal operations shall reflect a reasonable
unit commitment which reflects any contracted or operational limitations. System
facilities shall be modeled to reflect normal operation.

(2) Transmission Project Inclusion — All Planned Projects shall be included in the power
flow models if the expected in-service date is prior to (i) November 1, for all winter peak
cases, and (ii) June 1, for all summer peak cases.

Compliance with NERC Table 1 — Category A System Performance Standards — All MDWG
power flow models shall be tested to verify compliance with the System Performance Standards
from NERC Table 1 — Category A, subject to the following clarifications:

(1) Thermal Limits Within Applicable Rating — Applicable Rating shall be defined as the
Normal Rating per SPP Planning Criteria 7 section 7.2.1.1. The thermal limit shall be
100% of the Applicable Rating

(2) Voltage Limits Within Applicable Rating — Applicable Rating shall have the meaning of
Nominal Voltage per Criteria 3. Voltage limits shall be set at plus or minus five percent
(+/- 5%) of Applicable Rating.
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(3)

(4)

System Stability — Both dynamic and steady state stability of the Transmission System
shall be maintained. Cascading outages shall not occur.

Modeling of Projected Firm Transfers - All contracted firm (non-recallable reserved)
transfers shall be maintained. All firm customer demands shall be maintained.

The MDWG shall work with the Transmission Working Group (TWG) to resolve issues not
considered data errors.

5.4.2

Loss of Single Bulk Electric System Element (TPL-002)

SPP staff shall conduct an assessment of the power flow models by MDWG to assess
compliance with the NERC Reliability Standard for system performance following the loss of a
single element (Category B). In addition to the NERC requirements, SPP requires that the power
flow models conform to the following standards:

(1)

)

(3)

Normal Operations — Initiating incident results in a single Bulk Electric System element
out of service. Both non-fault and fault initiated events should be evaluated for severity
of impact.

Transmission Project Inclusion — All Planned Projects shall be included in the power
flow models if the expected in-service date is prior to (i) November 1, for all winter peak
cases, and (ii) June 1, for all summer peak cases.

Compliance with NERC Table 1 - Category B System Performance Standards — All
MDWG power flow models shall be tested to verify compliance with the System
Performance Standards from NERC Table 1 — Category B, subject to the following
clarifications:

(@ Thermal Limits within Applicable Rating — Applicable Rating shall be defined as
the Emergency Rating per SPP Planning Criteria 7 section 7.2.1.2. The thermal
limit shall be 100% of the Applicable Rating.

(b) Voltage Limits Within Applicable Rating — Applicable Rating shall have the
meaning of Nominal Voltage per SPP Planning Criteria 5. Voltage limits shall be
set at plus five percent to minus ten percent (+5%/-10%) of Applicable Rating for
systems operating at 60 KV or above on load serving buses.

(c) System Stability — Stability of the Transmission System (angular and voltage)
shall be maintained. Cascading outages shall not occur.
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(4)

()

5.4.3

(d) Modeling of Projected Firm Transfers — All contracted firm (non-recallable
reserved) transfers shall be maintained. All firm customer demands shall be
maintained.

Loss of Demand — No loss of firm customer demand (except as noted in NERC
Reliability Standards Table I, Transmission System Standards — Normal and Emergency
Conditions, Footnote b), nor the curtailment of contracted firm (non-recallable reserved)
transfers shall be required.

Mitigation Plans — Mitigation plans shall be submitted to SPP to verify effectiveness.
Mitigation plans may include Transmission Operating Directives or additional system
elements. A mitigation plan is deemed effective if it shall return all system voltages and
line and equipment ratings to within the Applicable Rating as defined above. SPP shall
document the corrective plans necessary to mitigate effects of those events.

Loss of Two or More Elements (TPL-003)

SPP staff shall conduct an assessment of the power flow models by MDWG to assess
compliance with the NERC Reliability Standard for system performance following the loss of
two or more elements (Category C). In addition to the NERC requirements, SPP requires that
the power flow models conform to the following standards:

(1)

()

3)

Normal Operations - Initiating incident may result in two or more (multiple) components
out of service. Both non-fault and fault initiated events should be evaluated for severity
of impact.

Transmission Project Inclusion — All Planned Projects shall be included in the power
flow models if the expected in-service date is prior to (i) November 1, for all winter peak
cases, and (ii) June 1, for all summer peak cases.

Compliance with NERC Table 1 — Category C System Performance Standards — All
MDWG power flow models shall be tested to verify compliance with the System
Performance Standards from NERC Table 1 — Category C, subject to the following
clarifications:

(@) Thermal Limits within Applicable Rating - Applicable Rating shall be defined as
the Emergency Rating per SPP Planning Criteria 7 section 7.2.1.2. The thermal
limit shall be 100% of the Applicable Rating.
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(b) Voltage Limits Within Applicable Rating — Applicable Rating shall have the
meaning of Nominal Voltage per Criteria 3. Voltage limits shall be set at plus
five percent to minus ten percent (+5%/-10%) of Applicable Rating for systems
operating at 60 kV or above on load serving buses.

(4) System Stability — Stability of the Transmission System (angular and voltage) shall be

maintained. Cascading outages shall not occur.

(@) Modeling of Projected Firm Transfer — All contracted firm (non-recallable

reserved) transfers shall be maintained. All firm customer demands shall be
maintained.

(i)

(i)

Loss of Demand — Planned outages of customer demand or generation (as

noted in NERC Reliability Standards Table | Transmission System
Standards — Normal and Emergency Conditions) may occur, and
contracted firm (non-recallable reserved) transfers may be curtailed.

Mitigation Plans — Mitigation plans shall be submitted to SPP to verify

effectiveness.  Mitigation plans may include Transmission Operating
Directives or additional system elements. A mitigation plan is deemed
effective if it shall return all system voltages and line and equipment
ratings to within the Applicable Rating as defined above. SPP shall
document the corrective plans necessary to mitigate effects of those
events.

54.4 Extreme Event (TPL-004)

An extreme event shall have the meaning consistent with Category D of NERC Reliability
Standards Table 1, Transmission System Standards — Normal and Emergency Conditions. SPP
shall run contingency studies as provided by the transmission owners under the following

conditions:

(1) Initiating event(s) shall result in multiple elements out of service.

(2) SPP shall document the measures and procedures to mitigate or eliminate the extent and
effects of those events and may at their discretion recommend such measures and
procedures where extreme contingency events could lead to uncontrolled cascading
outages or system instability.
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545 Study Requirements

System contingency studies should be based on system simulation models that should
incorporate:

(1) Evaluation of reactive power resources

(2) Existing protection systems

(3) Any existing backup or redundancy protection systems

(4) All projected firm transfers (including rollover rights of long-term firm transactions)
(5) All existing and Planned Projects

These studies shall assist to determine that existing transmission protection schemes are
sufficient to meet the system performance levels as defined in appropriate Category of NERC
Reliability Standards Table I, Transmission System Standards — Normal and Emergency
Conditions. Studies shall consider all contingencies applicable to the appropriate Category and
document the selection rationale. Studies shall be conducted or reviewed annually, shall cover
seasonal or expected critical system conditions for near (current or next year) and intermediate
(two to five year recommended) planning horizons, and address both intra- and interregional
reliability. Detailed analyses of the systems will not be conducted annually if changes to system
conditions do not warrant such analyses.

The longer-term (beyond five years) simulations will identify concerns that may surface in the
period beyond the more certain intermediate year period. Focus of simulations for the longer
term will be on marginal system conditions evident from the intermediate year cases. Cases
beyond the five-year horizon will be evaluated as needed to address identified marginal
conditions.

5.4.6 Mitigation Plans

When simulations indicate an inability of the systems to respond as prescribed by this Criterion,
responsible entities must provide a written summary of their mitigation plans, including a
schedule for implementation, to achieve the required system performance throughout the
planning horizon. Mitigation plan summaries should discuss expected required in-service dates
of facilities, should consider lead-times necessary to implement plans, and will be reviewed for
continuing need in subsequent annual assessments.
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54.7 Transmission Operating Directives

A Transmission Operating Directive qualifies as a valid mitigation measure when the
Transmission Operating Directive is effective as written.

5.4.8 Reporting Requirements

Entities responsible for the reliability of interconnected transmission systems shall report
annually on the performance of their systems in connection with NERC Reliability Standards to
the SPP Region. The SPP will annually provide a summary of intra- and interregional studies to
the NERC. Regional and interregional reliability assessments shall include the results of the
system simulation testing as stated in the NERC Reliability Standards.

55 Interconnection Review Process

Southwest Power Pool Planning Criteria5.3.2 and the Regional Open Access Transmission Tariff
both require members to contact the SPP and the Transmission Working Group whenever new
transmission facilities that impact the interconnected operation are in the conceptual planning
stage so that the optimal integration of any new facilities can be identified. Under this criterion
an interconnection involves two or more SPP members or an SPP member and a non-member. A
project that creates a non-radial, non-generation interconnection at 69 kV or above or that
removes an interconnection at 230 kV or above shall be reviewed for impacts in accordance with
Appendix PL-6. A Transmission Service Provider shall be subject to provisions of this criterion.

6. Regional Calculation of Available Transfer Capability

SPP takes a regional approach in the determination of Available Transfer Capability (ATC). The
regional approach calls for SPP to evaluate the inter-area transfer capability of its Transmission
Owners. This approach provides a high level of coordination between ATC reported by SPP and
Transmission Owners on SPP Open Access Same-time Information Network (OASIS) nodes.
Likewise, when Transmission Owners calculate ATC, they are responsible to coordinate the
ATC between their areas. If there is a dispute concerning the ATC, the SPP Transmission
Working Group (TWG) will act as the technical body to determine the ATC to be reported. This
Planning Criteria provides Transmission Owners and the SPP Transmission Provider flexibility
to revise the ATC as needed for changes in operating conditions, while providing for unique
modeling parameters of the areas. The SPP Transmission Provider calculations do not preclude
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any studies made by Transmission Owners in accordance with their individual tariffs, which may
contain specific methodologies for evaluating transmission service requests.

Transfer capabilities are calculated for two different commercial business applications; a) for use
as default values for Transmission Owners to post on their OASIS node for business under their
transmission tariffs and b) for use by SPP in administering the SPP Open Access Transmission
Tariff (SPP OATT).

The SPP utilizes a “constrained element” approach in determining ATC. This approach is
referred to as a Flowgate ATC methodology. Constrained facilities, termed “Flowgates”, used in
this approach are identified primarily from a non-simultaneous transfer study using standard
incremental transfer capability techniques that recognize thermal, voltage and contractual
limitations. Stability limitations are studied as needed. Flowgates serve as proxies for the
transmission network and are used to study system response to transfers and contingencies.
Using Flowgates with pre-determined ratings, this process is able to evaluate the ATC of specific
paths on a constrained element basis (Flowgate basis) while considering the simultaneous impact
of existing transactions.

The calculation of ATC is a very complex and dynamic procedure. SPP realizes that there are
many technical and policy issues concerning the calculation of ATC that will evolve with
industry changes. Therefore, the SPP Operating Reliability Working Group and the SPP
Transmission Working Group will have the joint authority to modify the implementation of this
Section of the Criteria based on experience and improvements in technology and data
coordination. Any changes made by these groups will be subject to formal approval as outlined
in the SPP Bylaws at the first practical opportunity, with the exception of response factor
thresholds for shortterm transmission service which may be approved for immediate
implementation by the ORWG subject to subsequent review by the MOPC at the first practical
opportunity. The response factor thresholds for short-term and long-term service are included in
Appendix PL-4.

6.1 Definitions

6.1.1 Base Loading, Firm and Non-Firm (FBL & NFBL)

The determined loading on a Flowgate resulting from the net effect of modeled existing
transmission service commitments for the purpose of serving firm network load and impacts
from existing OATT OASIS commitments.
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6.1.2 Capacity Benefit Margin

The amount of Flowgate capacity reserved by load serving entities to ensure access to generation
from interconnected systems to meet generation reliability requirements.

6.1.3 Contractual Limit

Contractual arrangements between Transmission Providers that define transfer capability
between the two.

6.1.4 Critical Contingency

Any generation or transmission facility that, when outaged, is deemed to have an adverse impact
on the reliability of the transmission network.

6.1.5 Designated Network Resources (DNR)

Any designated generation resource that can be called upon at anytime for the purpose of serving
network load on a non-interruptible basis. The designated generation resource must be owned,
purchased or leased by the owner of the network load.

6.1.6 Emergency Voltage Limits

The operating voltage range on the interconnected system that is acceptable for the time
sufficient for system adjustments to be made following a Critical Contingency.

6.1.7 Firm Available Transfer Capability (FATC)

The determined transfer capability available for firm Transmission Service as defined by the
FERC pro forma Open Access Transmission Tariff (OATT) or any direction of interest on a
transmission network between generation groups and/or system load for which commercial
service may be desired.

6.1.8 First Contingency Incremental Transfer Capability (FCITC)

NERC Transmission Transfer Capability, reference document (May 1995) defines FCITC as:
"The amount of power, incremental and above normal base transfers, that can be transferred over
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the interconnected transmission systems in a reliable manner based on all of the following
conditions:

(1) For the existing or planned system configuration, and with normal (precontingency)
operating procedures in effect, all facility loadings are within normal ratings and all
voltages are within normal limits,

(2) The electric systems are capable of absorbing the dynamic power swings, and remaining
stable, following a disturbance that results in the loss of any single electric system
element, such as a transmission circuit, transformer or generating unit, and,

(3) After the dynamic power swings subside following a disturbance that results in the loss of
any single electric system element as described in 2 above, and afterthe operation of any
automatic operating systems, but before any postcontingency operator-initiated system
adjustments are implemented, all transmission facilities loadings are within emergency
ratings and all voltages arewithin emergency limits."

6.1.9 Flowgate

A selected transmission element or group of elements acting as proxy for the transmission
network representing potential thermal, voltage, stability and contractual system constraints to
power transfer. The process of determining the reliability issues for which a Flowgate is
representative of and by which a Flowgate is established is outlined in SPP Planning Criteria
Section 6.4.

6.1.10  Line Outage Distribution Factor (LODF)

The percent of the power flowing across the contingency facility that transfers over the
monitored facility when the contingency facility is switched out of service.

6.1.11 Local Area Problem

A Transmission Owner may declare a facility under its control a Local Area Problem if it is
overloaded in either the base case or contingency case prior to the transfer. If a member declares
a facility a Local Area Problem, the member may neither deny transmission service nor request
NERC Transmission Loading Relief for that defined condition.
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6.1.12 Monitored Facilities

Any transmission facility that is checked for predefined transmission limitations.

6.1.13  Non-firm Available Transfer Capability (NFATC)

The determined transfer capability available for sale for non-firm Transmission Service as
defined by the FERC pro forma Open Access Transmission Tariff for any direction of interest on
a transmission network between generation groups and/or system load for which commercial
service may be desired.

6.1.14  Normal Voltage Limits

The operating voltage range on the interconnected system that is acceptable on a sustained basis.

6.1.15  Open Access Transmission Tariff (OATT)

FERC approved Pro-Forma Open Access Transmission Tariff.

6.1.16  Operating Horizon

Time frame for which Hourly transmission service is offered. The rolling time frame is twelve to
36 hours with a 12 noon threshold. It includes the current day, and after 12 noon, the remainder
of the current day and all hours of the following day.

6.1.17  Operating Procedure

Any policy, practice or system adjustment that may be automatically implemented, or manually
implemented by the system operator within a specified time frame, to maintain the operational
integrity of the interconnected electric systems. If an Operating Procedure is submitted to the
SPP in writing and states that it is an unconditional action to implement the procedure without
regard to economic impacts or existing transfers, then the Operating Procedure will be used to
allow transfers to a higher level.

6.1.18  Outage Transfer Distribution Factor (OTDF)

The percentage of a power transfer that flows through the monitored facility for a particular
transfer when the contingency facility is switched out of service.
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6.1.19  Participation Factor

The percentage of the total power adjustment that a participation point will contribute when
simulating a transfer.

6.1.20  Participation Points
Specified generators that will have their power output adjusted to simulate a transfer.
6.1.21  Planning Horizon

Time frame beyond which Hourly transmission service is not offered.

6.1.22  Power Transfer Distribution Factor (PTDF)

The percentage of power transfer flowing through a facility or a set of facilities for a particular
transfer when there are no contingencies.

6.1.23  Power Transfer Voltage Response Factor (PTVF)

The per unit amount that a facility’ s voltage changes due to a particular transfer level.
6.1.24  SPP Open Access Transmission Tariff (SPP OATT)

The Southwest Power Pool Regional FERC approved Open Access Transmission Tariff
6.1.25  Transfer Distribution Factor (TDF)

A general term, which may refer to either PTDF or OTDF - The TDF represents the relationship
between the participation adjustment of two areas and the Flowgates within the system.

6.1.26 Transfer Test Level

The amount of power that will be transferred to determine facility TDFs for use in DC linear
analysis.

6.1.27  Transmission Owner (TO)

An entity that owns transmission facilities which are operated under a FERC approved OATT.
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6.1.28  Transmission Provider (TP)

An entity responsible for administering a transmission tariff. In the case of the SPP OATT, SPP
is the Transmission Provider. An SPP member may be its own Transmission Provider if the
member continues to sell transmission service under the terms of its own tariff.

6.1.29  Transmission User (TU)

Any entities that are parties to transactions under appropriate tariffs.

6.1.30  Transmission Reliability Margin (TRM)

The amount of Flowgate capacity necessary to ensure that the interconnected transmission
network is secure under a reasonable range of uncertainties in system conditions.

6.1.31  TRM multipliers (a & b)

(1) “a”-multiplier; a factor between 0 and 1 indicating the amount of TRM not available for
non-firm use during the Planning Horizon

(2) “b”-multiplier; a factor between 0 and 1 indicating the amount of TRM not available for
non-firm use during the Operating Horizon

6.2 Concepts

6.2.1 Transfer Capability

Transfer capability is the measure of the ability of the interconnected electric systems to reliably
move or transfer power from one area to another over all transmission circuits (or paths) between
those areas under specified system conditions. The units of transfer capability are in terms of
electric power, generally expressed in megawatts (MW). Transfer capability is also directional in
nature. That is, the transfer capability from area A to area B is not generally equal to the transfer
capability from area B to area A.

Some major points concerning transfer capability analysis are briefly outlined below:

(1) System Conditions - Base system conditions are identified and modeled for the period
being analyzed, including projected customer demand, generation dispatch, system
configuration and base reserved and scheduled transfers.
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(2) Critical Contingencies - During transfer capability studies, both generation and
transmission system contingencies are evaluated to determine which facility outages are
most restrictive to the transfer being analyzed.

(3) System Limits - The transfer capability of the transmission network can be limited by
thermal, voltage, stability or contractual considerations.

Thermal and voltage transfer limits can be determined by calculating the First Contingency
Incremental Transfer Capability. Stability studies may be performed by the Transmission
Owners at their discretion. Any known stability limits, which are determined on a simultaneous
basis, and all contractual limits will be supplied by each Transmission Owner in writing to the
Transmission Provider and the TWG.

6.2.2 Available Transfer Capability

NERC Available Transfer Capability Definitions and Determinations, reference document (June
1996) states: “Awvailable Transfer Capability (ATC) is a measure of the transfer capability
remaining in the physical transmission network for further commercial activity over and above
already committed uses.”

SPP determines ATC as a function of the most limiting Flowgate of the path of interest.
Howlimiting a Flowgate is to a path is based on two aspects: (1) The determined firm or non-
firm Available Flowgate Capacity (FAFC or NFAFC) for that Flowgate, and (2) the TDF for
which that Flowgate responds to power movement on the path under evaluation.

The common relationship between the identified limiting Flowgate and the path is the Transfer
Distribution Factor (TDF). This is mathematically expressed as follows:

(1) Firm ATC = the firm Available Flowgate Capacity divided by the Transmission
Distribution Factor (FATC = FAFC/TDF) of the associated path.

Likewise,

(2) Non-Firm ATC = the non firm Available Flowgate Capacity divided by the
Transmission Distribution Factor (NFATC = NFAFC/TDF) of the associated path.

Path ATC is determined by identifying the most limiting Flowgates to the path in question. Each
Flowgate represents a potential limiting element to any path within a system. Therefore, each
Flowgate with known Transfer Distribution Factor (TDF) can be translated into path ATC.
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However, the Flowgate that produces the most limiting path ATC is the key Flowgate for that
path.

The calculation of path ATC using this method is based on the ratio of the TDF into the
remaining capacity of a Flowgate, (non firm Available Flowgate Capacity or firm Available
Flowgate Capacity). Once a group of potential limiting elements has been selected, then all
values pertaining to ATC can be translated based on the TDF.

6.2.3 Response Factors

Response Factors are numerical relationships between key adjustments in the transmission
system and specific transmission components being monitored. They provide a linear means of
extrapolation to an anticipated end for which decisions can be made. The thresholds for several
of the following response factors are listed in Appendix PL-4.

(1) Transfer Distribution Factor - The Transfer Distribution Factor (TDF) is a general term
referring to either PTDF or OTDF. The relationship between adjustments in participation
points associated with a specific path and the identified Flowgate in the system is the
TDF. Depending on the Flowgate type, the TDF may specifically represent the response
in the system to certain types of pre-identified system limitations as mentioned in SPP
Planning Criteria section 6.2.4.

(2) Line Outage Distribution Factor - The Line Outage Distribution Factor (LODF) is the
percent of the power flowing across the contingency facility that transfers over the
monitored facility when the contingency facility is switched out of service.

(3) Power Transfer Distribution Factor - The Power Transfer Distribution Factor (PTDF) is
the percentage of a power transfer that flows through a facility or a set of facilities for a
particular transfer when there are no contingencies. PTDF type Flowgates are used for
representing Thermal, Voltage, Stability and Contractual Limitations. To be considered a
valid limit to transfers, a PTDF Flowgate must have a PTDF at or above the applicable
short-term or long-term threshold.

(4) Outage Transfer Distribution Factor - The Outage Transfer Distribution Factor (OTDF) is
the percentage of a power transfer that flows through the monitored facility for a
particular transfer when the contingency facility is switched out of service. OTDF type
Flowgates typically represent contingency based thermal limitations within the system.
They can also be used to represent Stability limitations. To be considered a valid limit to
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(5)

6.2.4

transfers, a Monitored Facility must have an OTDF at or above the applicable short-term
or long-term threshold.

Power Transfer Voltage Factor - The Power Transfer VVoltage Factor (PTVF) is the per
unit amount that a facility’s voltage changes due to a particular transfer level. To be
considered a valid limit to transfers, a Monitored Facility must have a PTVF at or above
the applicable short-term or long-term threshold.

Transfer Capability Limitations

The electrical ability of the interconnected transmission network to reliably transfer electric
power may be limited by any one or more of the following:

1)

)

(3)

Thermal Limits - Thermal limits establish the maximum amount of electrical current
that a transmission circuit or electrical facility can conduct over a specified time period
before it sustains permanent damage by overheating or before it violates public safety
requirements. Normal and emergency transmission circuit ratings are defined in the SPP
Rating of Equipment.

Voltage Limits - System voltages must be maintained within the range of acceptable
minimum and maximum voltage limits. For example, minimum voltage limits can
establish the maximum amount of electric power that can be transferred without causing
damage to the electric system or customer facilities. A widespread collapse of system
voltage can result in a blackout of portions of or the entire interconnected network.
Acceptable minimum and maximum voltages are network and system dependent. The
Normal Voltage Limit range is the operating voltage range on the interconnected
systems, above or below nominal voltage and generally expressed in kilovolts that is
acceptable on a sustained basis. The Emergency Voltage Limit range is the operating
voltage range on the interconnected systems, above or below nominal voltage and
generally expressed in kilovolts that is acceptable for the time sufficient for system
adjustments to be made following a facility outage or system disturbance. Voltage limits
will be as specified in the SPP Planning Criteria section 5.

Stability Limits - The transmission network must be capable of surviving disturbances
through the transient and dynamic time periods following a disturbance. Specific Stability
Limits Criteria is found in the SPP Criteria: Regional Transmission Coordinated
Planning.
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(4) Contractual Requirements- Some Transmission Owners have contractual arrangements
that contain mutual agreements regarding the power transfer available between them.
These contractual arrangements have been approved by the appropriate regulatory
agencies. The NERC Operating Policies inherently recognize contract requirements that
may limit the power transfer between Transmission Owners. Some contract requirements
are discussed in NERC Operating Policy 3 - Interchange.

The limiting conditions on some portions of the transmission network can shift among thermal,

voltage, stability and contractual limits as the network operating conditions change over time.

6.2.5 Invalid Limits

The procedures outlined in criteria may lead to identification of certain limiting facilities that are
invalid. Reasons may include, but are not limited to:

(1) An invalid contingency generated as a generic single outage, which is not valid without
the outage of other facilities.

(2) Incorrect ratings. Ratings will be corrected and the limiting transfer level recalculated.

(3) The rating used may be directional in nature (directional relaying) and may not be valid
for the direction of flow.

(4) The limiting facility is the result of over-generation/under-generation at a participation
point.

(5) The contingency is considered improper implementation of an operating procedure.
(6) The facility represents an equivalent circuit.
(7) The limiting facility is declared a Local Area Problem.
Any limiting facility determined to be invalid due to modeling error that could be corrected must

be corrected by the next series of seasonal calculations.

6.2.6 Flowgates

Flowgates are selected power transmission element groups that act as proxies for the power
transmission system capable of representing potential thermal, voltage, stability and contractual
system limits to power transfer. There are two types of Flowgates;
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(1) OTDF Flowgate; Composed of usually two power transmission elements in which the
loss of one (contingency facility) can cause the other power transmission element
(monitored facility) to reach its emergency rating.

(2) PTDF Flowgate; Composed of one or more power transmission elements in which the
total pre-contingency flow over the flowgate cannot exceed a predetermined limit. Either
with the power transmission system intact or with a contingency elsewhere, the Flowgate
can be selected to represent a thermal, voltage, stability or contractual limit.

Once a set of limiting elements have been identified, as potential transfer constraints, they can be
grouped with their related components and identified as unique Flowgates. The rating of the
Flowgate is called the Total Flowgate Capacity (TFC) of the Flowgate and is monitored and used
for evaluation of all viable transfers for commerce. To the extent that the impedance network
models are similar with similar participation patterns, the same Flowgates can be monitored in
other network models for purposes of evaluating the impact of additional transactions on the
network. Of course, each network model will be subtly different therefore it is important that
engineering judgment is exercised regarding the validity of applying existing Flowgates to a new
network model.

6.2.7 Total Flowgate Capacity (TFC)

The Flowgate and its Total Flowgate Capacity are pre-defined. A Flowgate is intended to limit
the amount of power allowed to flow over a defined element set. This TFC may reflect several
possible types of system limitations as described in SPP Planning Criteria section 6.2.4.

For OTDF Flowgates representing thermal overloads, the TFC represents the total amount of
power that can flow during the contingency without violating the emergency rating of the
monitored facility.

For PTDF Flowgates, the TFC represents the total amount of power that can flow over a defined
element set under pre-contingency conditions.

Again, limit types could be:
(1) Thermal limits under normal operating conditions or linked contingency events,
(2) Voltage limits under normal operating conditions or linked contingency events,
(3) Stability limits under normal operating conditions or linked contingency events, or

(4) Contractual limits.
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Flowgates are selected based on the impacts of power transfer in an electrical network and will
be evaluated on a regular basis and revised as needed to ensure thorough representation of the
system they are representing. Each Flowgate represents a possible limitation within a network
and in itself has a Flowgate rating (TFC) and an Available Flowgate Capacity (AFC) which can
be translated via the path response factor (TDF) to a path Available Transfer Capability (path
ATC) for any path.

6.2.8 Flowgate Capacity
6.2.8.1  Total Flowgate Capacity (TFC)

A Flowgate acts as proxy to path transfer limitations. This allows additional transfer capability
on a path based on the additional loading that can be incurred. The determination of additional
loading that can be incurred on a Flowgate begins first with the determination of the maximum
loading that can be allowed on a PTDF Flowgate or on the monitored facility of an OTDF
Flowgate during its associated contingency. This maximum loading is termed Total Flowgate
Capacity (TFC).

6.2.8.2  Available Flowgate Capacity (AFC)

The available capacity on a Flowgate for additional loading for new power transfers is
determined by taking the Total Flowgate Capacity (TFC) and removing the Flowgate Base
Loading (FBL) and the Impacts due to existing system commitments and any transmission
margins.

AFC = TFC - FBL - Impacts of existing commitments - transmission margins

6.2.8.3  Firm and Non-Firm Available Flowgate Capacity (FAFC and NFAFC)

Path ATC is classified as firm or non-firm. This distinction is made when determining the
Available Flowgate Capacity (AFC) remaining for path ATC. AFC is classified as firm or on
firm depending on the types of existing commitments considered for Impacts. This is realized in
the formula for Available Flowgate Capacity:

(AFC = TFC - FBL - Impacts of existing commitments - transmission margins).
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6.2.9 System Impacts
6.2.9.1 Impacts of Existing Commitments

In order to simultaneously account for impacts of all commitments to all paths at any given
instant in time, it is necessary to devise a system that allows for fluctuation in the number of and
the magnitude of system commitments on each path within an acceptable amount of time, for the
purpose of providing transmission service in a competitive manner.

Existing transmission commitments beyond those modeled as native load and related generation
commitments can be found on the OASIS. However, before impacts of OASIS posted
reservations can be calculated, they must first be interpreted — carefully examined for peculiar
individual characteristics. Due to the nature of the OASIS and the rules therein, posted
reservations sometimes require interpretation as to their actual value to apply toward the
transmission network.

The following are examples of evaluations that are performed:

(1) Recognize and adjust for duplicate reservations by multiple providers to complete one
transaction.

(2) Adjust for reservations that may have changed status or have been replaced by another
reservation, including renewals and redirects.

(3) Check for proper reflection of capacity profiles of reservations.

(4) Distinguish status and class of reservations such as Study, Accepted, Confirmed, Firm,
and Non-Firm status to determine their proper impact level.

6.2.9.2  Positive Impacts

The scope of “Impacts of existing commitments” in the formula for AFC incorporates both the
calculated positive impacts and counter impacts of non-firm and firm service commitments. A
positive impact is determined as having the effect of increasing the loading on a Flowgate in the
direction of the Flowgate. Positive impact types are sorted into those resulting from firm and
non-firm service commitments. To determine firm or non-firm Available Flowgate Capacity, the
appropriate impacts are applied to make up the “Impacts of existing commitments” in the above
formula. Additionally, counter impacts are considered depending on firm or non-firm
determinations.
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6.2.9.3  Counter Impacts

Counter impacts are those impacts due to transfers that act to relieve loading on limiting
elements. Counter impact types are sorted into those resulting from firm and non-firm service
commitments. These flows are not traditionally accepted as valid under the pretense that any
reservation that may cause such a loading relief is not actually doing so until it has been
scheduled. To consider counter-flows in transfer capability studies is to assume a high
probability of scheduling.

6.2.10 Monitored Facilities

During the Flowgate determination process those facilities monitored for pre-defined limiting
conditions. Mandatory Monitored Facilities, for use in these calculations, are all facilities
operated at 100 kV and above and all interconnections between Transmission Providers. Other
facilities operated at lower voltage levels may be added to the Monitored Facilities list at the
discretion of the Transmission Providers or Transmission Owners. In defining Flowgates, the
Monitored Facilities are those components of a Flowgate that remain in service following the
defined contingency.

6.2.11  Critical Contingencies

Those facilities that, when outaged, are deemed to have an adverse impact on the reliability of
the transmission network. These facilities may be transmission facilities, including multiterminal
lines, or generating units. All interconnections of an area will be considered Critical
Contingencies, regardless of voltage level as will the largest generating unit in the area.

6.3 Reliability Margins

Transmission margins are very important to the reliability of the interconnected network in an
Open Access environment. The NERC "Available Transfer Capability Definitions and
Determination Reference Document™ defines Transmission Reliability and Capacity Benefit
margins (TRM, CBM).

When using Flowgates as a means to represent a system’ s constraints, it is necessary to
translate reliability margins, TRM and CBM, to a unique TRM and CBM for each Flowgate.
Margins are the required capacities that must be preserved for the purpose of moving power
between areas during specific emergency conditions. Since a margin is a preservation of transfer
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capacity, the margin itself will have an impact on the most limiting element between the two
areas for which it is reserved.

All studies for the purpose of assessing TRM and CBM will only include generation units
located within the transmission system for which the Transmission Provider is responsible.
These generation units may also include those not specifically designated to serve network load
connected to transmission systems within the Transmission Provider system. However, the
method by which a Transmission Provider is to determine TRM and CBM shall not vary from
that described herein with the exception of assessing facilities located outside of SPP regional
structure/bounds.

6.3.1 Transmission Reliability Margin (TRM)

TRM on a Flowgate basis is that amount of reserved Flowgate capacity necessary to ensure that
the interconnected transmission network is secure under a reasonable range of uncertainties in
system conditions. The following factors shall be considered by SPP in the determination of
TRM:

(1) Load Forecast

Transmission Providers will forecast hourly load for the next seven days for all
applicable control areas. Beyond seven days, Transmission Providers will project a
demand based on seasonal peak load models for all applicable Transmission Owners.
These load levels will be the projected peaks for the time frame for which the forecast
applies.

(2) \Variations in Generation Dispatch

Variations to generation patterns constitute a viable concern. Generation dispatch in near-
term models will be based on real-time snapshots of network system conditions. For the
longer-term horizons, whenever possible, generation dispatch information provided by
generation owners will be applied to the ATC calculations. However, it is recognized that
longer-term dispatch is probably unknown to the generation controlling entities
themselves except for base-load and must run type units.

(3) Unaccounted Parallel Flows

Parallel flows can be an issue if pertinent data to the ATC calculations are not shared
among the transmission providers and those transactions that have multiple wheeling

Version 1.0 11/20/2015 46



@SPP Southwest
Power Pool

SPP Planning Criteria

(4)

(5)

6.3.2

parties are not identified. Provisions in the SPP OATT have reduced the impacts of these
transactions within SPP and between SPP and other regions. Transmission Owners of
facilities that are impacted by unaccounted parallel flows or variations in dispatch may
request additional TRM for their impacted Flowgates from the TWG. Such requests must
be in writing, must document the parallel flow impacts or the variance in historical
dispatch, and be accompanied by analysis or documentation supporting the additional
TRM requirements. The TWG shall have the authority to grant or reject requests for the
additional TRM requests.

SPP Operating Reserve Sharing

The SPP Operating Reserve Sharing program was instituted to provide both reliability
and economic benefits to its members. This program reduces the amount of internal
operating reserves each entity is required to maintain while providing an automated way
of allocating resources on a region wide level to ensure quick recovery for the loss of any
unit. Transmission facilities must be able to support the automatic implementation of the
Reserve Sharing program. To that end, TRM on the Flowgates will provide enough
capacity to withstand the impact of the most critical generation loss to that facility. All
generation contingencies will be simulated by the Operating Reserve Sharing algorithm
to determine the highest impact on each Flowgate. This capacity will be included in
TRM.

Counter Flow Impacts

Another factor to consider in the SPP TRM process is that for the planning horizon,
which is primarily next day and beyond, the counter flow impacts of reservations on the
Flowgates are removed with the exception of Designated Network Resources. This
provides an inherent margin in the calculation which along with the constant TRM
provided by the reserve sharing allocation, is a proxy for the generation variation.

TRM Coordination

The TRM specified on a Flowgate represents a transmission margin that the transmission system
needs to maintain a secure network under a reasonable range of uncertainties in system
conditions. As such it is not necessarily an import or export quantity specifically. The Automatic
Operating Reserve Sharing portion is determined by centralized Regional study based on the SPP
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Operating Reserve Sharing Criteria. Any additional TRM may be requested by the Flowgate
owner/s, subject to review by the SPP TWG.

6.3.3 TRM Availability for Non-firm Service

To maximize transmission use to the extent reliably possible, Transmission Providers may sell
TRM on a non-firm basis. The ‘a’ and ‘b’ multipliers facilitate this purpose in the
calculations. However, a contingency or long-term outage to a high impact unit may result in the
curtailment of non-firm schedules and displacement of non-firm reservations sold within the

TRM.

6.3.4 TRM Calculation Frequency

The Operating Reserve Sharing portion of the TRM will be determined annually for each season
(Spring, Summer, Fall, Winter). This process is outlined in the SPP Criteria under Operating
Reserves and the Operating Reserve Share Program Procedures. Flowgate owner requests for
additional TRM may be submitted at any time for consideration at the next TWG meeting. The
submittal should include justification and rational in writing for the requested additional TRM.
The TWG shall have authority to reject or grant such requests.

6.3.5 Capacity Benefit Margin (CBM)

CBM on a Flowgate basis is the amount of Flowgate capacity reserved by load serving entities to
ensure access to generation from interconnected systems to meet generation reliability
requirements.

SPP will use a probabilistic approach for Regional and sub-regional Generation Reliability
assessments. These assessments will be performed by the SPP on a biennial basis. Generation
Reliability assessments examine the regional ability to maintain a Loss of Load Expectation
(LOLE) standard of 1 day in ten years. The SPP capacity margin Criteria requires each control
area to maintain a minimum of 12% capacity margin for steam-based utilities and 9% for hydro-
based utilities. Historical studies indicate that the LOLE of one day in ten years can be
maintained with a 10% - 11% capacity margin. SPP does not utilize CBM for calculations of
ATC for some or all of the following reasons:

(1) the existing level of internal capacity margin of each member is adequate

(2) historical reliability indicators of transmission strength of the SPP area

Version 1.0 11/20/2015 48



@SPP Southwest
Power Pool

SPP Planning Criteria

(3) Open Access transmission usage environment allows greater purchasing options

Since SPP does not utilize CBM for any flowgate within the SPP footprint, the CBM value used
in any calculations will be zero.

6.4 Flowgate and TFC Determination

The Flowgates used by SPP to administer the Regional Tariff serve as a proxy of the
transmission system. It is therefore essential to the reliable operation of the transmission system
for the set of Flowgates to adequately represent the transmission system.

6.4.1 Flowgate Updates

Updating the list of Flowgates is a continual process. Flowgate additions and deletions and
changes in TFC are the result of studies, analyses, and operating experience of SPP and its
member Transmission Owners. At any time during the year, the owner of transmission facilities
may require that a set of facilities be used as a Flowgate to protect equipment or maintain system
reliability, regardless of the ownership of that set of facilities. SPP will update the Flowgate list
as needed. The responsibility for reviewing and monitoring the list will be shared between the
individual Transmission Owners, the TWG, the Operating Reliability Working Group (ORWG)
and the SPP staff. Updating the Flowgate list may or may not require running a study. If the
Transmission Owner is to perform a study, they are responsible for gathering accurate
information from neighboring Transmission Owners. The following requirements apply when
adding a Flowgate to the list:

(1) Transmission Owners may add OTDF Flowgates, provided that the contingency is valid,
the TFC represents the total amount of power that can flow during the contingency
without violating the emergency rating of the monitored facility, and no operating
procedures apply to that Flowgate.

(2) Transmission Owners may add PTDF Flowgates, provided that it is a single facility
Flowgate, the TFC is equal to the normal rating of the single facility, and no operating
procedures apply to that Flowgate.

(3) All other Flowgates proposed by Transmission Owners must have TWG and ORWG
approval. The Reliability Authority can provide interim approval until the TWG and
ORWG can convene to assess the request. Examples of such Flowgates are PTDF
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Flowgates with two or more elements, OTDF Flowgates with three or more elements, or
Flowgates involving operating procedures.

There may be times when significant topological changes occur during operations that create
unexpected loadings on facilities not explicitly modeled as Flowgates. During these conditions,
the Reliability Coordinator will work with the Transmission Owner(s) to develop a commercial
Flowgate representative of the conditions present. Any such additions will be analyzed at the
next Flowgate evaluation to determine if they should remain in the permanent list of Flowgates.

6.4.2 Annual Review

In addition to the continual studies and analyses, the Flowgate list will also be reviewed annually
by the TWG using seasonal power flow models. This annual assessment will be performed
following the January SPP Model Development Work Group (MDWG) release of each year’ s
load flow cases. This review is intended to serve as a tool by which the TWG, the Transmission
Owners, and the SPP may assess the adequacy of the existing list of Flowgates and thereby
recommend necessary additions, deletions, and TFC changes. In order to accomplish this
assessment, the process herein described will be used to identify the most limiting elements for a
variety of transfer directions. Although transfer values will be involved in this process, this
process is not intended to produce any viable ATC values for use commercially or otherwise.
Rather, ATC values are determined as described in SPP Planning Criteria section 6.5.

6.4.2.1 Power Flow Models

The power flow models to be used in the process will be based on the models developed
annually by the SPP MDWG. Application of the models will use the following season
definitions. The Summer Model will apply to June through September, the Fall Model will apply
to October and November, the Winter Model will apply to December through March and the
Spring Model will apply to April and May. Each of these seasonal models developed will
represent peak models. In addition, for the summer season only, a Summer Shoulder Case
representing a reduced load level, as specified in the MDWG Powerflow Procedure Manual, will
be used in the determination process.
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6.4.2.2  Parameters supplied by the Transmission Owners

In order to simulate a transfer, certain parameters must be known. These include the participation
points of MW increase/decrease and the participation factor of these points. These items will be
supplied to SPP by the Transmission Owners.

Participation points for exports will primarily be points of generation within the sending area.
Generators that are off-line may be turned on to participate in a transfer. A Transmission Owner
can specify generators to be excluded from use as participation points, such as generators that
serve base load. The participation points used for export will be consistent for all transfer
directions.

The participation points for imports will primarily be points of generation reduction within the
receiving area. A Transmission Owner can specify generators to be excluded from use as
participation points, such as generators that serve base load. The generation reduction should be
based on economics, operating constraints or other criteria as specified by the Transmission
Owner. The participation points used for import will be consistent for all transfer directions.

Other parameters that must be supplied by the Transmission Owners include the following:

(1) A contingency list including all critical single contingencies (both transmission and
generation) as well as multi-terminal facilities.

(2) All contingencies suspect of causing voltage limitations and the transfers for which they
should be studied.

(3) Any additional facilities below 100 kV to be monitored.
(4) High and low voltage limits for system and/or individual buses.

(5) All Contractual Requirements.

6.4.2.3 Default Parameters

The following parameters will be used in the event that a Transmission Owner does not submit
the area specific parameters:

(1) For exports, the participation points will include all on-line generating facilities in the
model with unused generating capacity available.
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(2) The export participation factors will be the amount of unused generating capacity at each
point divided by the sum of the unused generating capacity at all export participation
points. (i.e., PMAX-PGEN).

(3) For imports, all on-line generators will be decreased prorated by their capable generation
(i.e., PGEN-PMIN).

(4) Transfer directions will be a set of all commercial paths.

(5) Exports from merchant power plants will be considered in the determination of
Flowgates.

(6) The transfer test levels are specified at the time of the ATC calculations, and are
determined by SPP staff.

(7) All facilities 100 kV and above will be included in the contingency list and the monitored
facility list. In addition, the largest unit within the area will be included in the
contingency list.

(8) Voltage limits will be as specified in SPP Planning Criteria section 5.

6.4.2.4  Voltage Limits

Voltage limits are network and system dependent. Each Transmission Owner will submit an
acceptable set of Normal Voltage Limits and Emergency Voltage Limits to be applied for the
purpose of Flowgate and TFC determination.

6.4.2.5  Linear Analysis and AC Verification

SPP will perform DC linear analysis studies estimating the import or export ability of the
identified commercial paths using a combined linear evaluation of the network models with a
follow up AC verification of a minimum of the first three valid operational limitations. Specific
AC analysis will also be performed on any specified contingency/transfer combinations noted as
voltage limiting contingencies. Monitored Facilities, Contingency Facilities and Participation
Points will be implemented as described in SPP Planning Criteria sections 4.4.2.2 and 4.4.2.3 as
applicable.
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6.4.2.6  Operating Procedures

Operating Procedures are available and may increase the Total Flowgate Capacity of a Flowgate
when implemented. Implementation of any available Operating Procedures will be done using a
full AC solution to determine the correct limit to be placed on a Flowgate. Any operationally
increased Total Flowgate Capacities established will be so noted.

6.4.2.7 Identification of Flowgate Changes

TWG will review the FCITC results of the power flow models and selected paths and identify
whether any Flowgates should be added, removed, or changed to better represent the SPP
transmission system.

A minimum of the first three valid FCITC limitations to each path will be AC verified. When all
paths have been evaluated, the TWG will review the AC verification results and, where needed,
the linear results for consideration as potential Flowgates.

Typically, new Flowgates should be either OTDF Flowgates with a TFC representing the total
amount of power that can flow during a contingency without violating the emergency rating of
the monitored facility or single facility PTDF Flowgates with a TFC equal to the normal rating of
the single facility. In situations involving operating procedures the TFC may be higher than the
facility ratings.

The TWG will then determine any needed changes to the existing list of Flowgates. The number
of times elements appear as one of the most limiting components for transfers, the rank in the list
of most limiting elements, and the TDF level will be the primary factors considered in making
the determination. Flowgates can also be developed to represent identified VVoltage Limitations
and Contractual Requirements.

6.4.2.8 Review and Coordination with Transmission Owners

Each SPP Transmission Owner will have the option of naming a representative to review the
results of the Flowgate review or deferring to the TWG finalization of the results. Summary
sheets of all interfaces or paths calculated will be communicated to the representatives for
review. All data will be made available for review upon request. The results will be approved by
the TWG before being reported.

The Transmission Owner should review the TWG proposed Flowgate changes and consider their
own operating experience and study results. Any modifications to the TWG proposed changes
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should be returned to the TWG. Further dialog and justification may be required of a
Transmission Owner if the TWG has concerns about their modifications.

TWG will draft a final Flowgate list, incorporating the comments of the Transmission Owners.
The Transmission Owners should approve any additions, deletions, or changes to the Flowgate
list.

6.4.2.9 Initiating Interim Review of Flowgate List

Operational condition changes, especially status changes of EHV transmission facilities and
large generators, may warrant a partial or full evaluation of the list of Flowgates. A review may
also be necessary due to multiple schedules being implemented causing parallel flows.

Transmission Owners will have access to copies of the SPP models and all relevant data used for
the annual review. Transmission Owners may at any time request a re-run of the Flowgate
evaluations. The Transmission Owner requesting the re-run shall provide their reasons for
requesting the re-run to the TWG for consideration. Should the TWG deem a re-run necessary,
the SPP staff will perform the additional evaluation.

6.4.3 Dispute Resolution

If there is a dispute concerning a Flowgate, the questioning party must contact SPP and the
Transmission Owner(s) involved to resolve the dispute.

Examples of reasons for disputing a Flowgate may include:
(1) The contingency used for the Flowgate is not valid.

(2) There is an operating procedure that corrects the violation that is not being properly taken
into account.

(3) An operating procedure is being taken into account in an improper manner yielding an
incorrect TFC.

If the parties involved do not reach agreement on the selected Flowgates, the SPP TWG will
review all of the arguments. Additional analyses will be performed if necessary. SPP TWG will
then make a final determination. If a party still wishes to dispute the Flowgate, the SPP Dispute
Resolution policy described in Section 2 of the SPP By-laws may be initiated.
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6.4.4 Coordination with Non-SPP Members

Flowgates involving transfers on interfaces and paths between SPP Transmission Owners and
non-SPP Transmission Owners will be coordinated by the parties involved and the TWG.

6.4.5 Feedback to SPP Members

The SPP staff shall maintain a table of all Flowgates on the SPP OASIS. The table shall include
all Flowgate data, which are applicable, including the Flowgate name, monitored facility,
contingency facility, Flowgate rating, TRM, CBM, a and b multipliers, LODF, the TDF basis for
the Flowgate (OTDF or PTDF), and the TDF cutoff threshold. This table shall be updated with
any new information on or before the first of each month.

6.5 ATC Calculation Procedures

The determination of ATC via Flowgates utilizes proxy elements to represent the power
transmission network. This process depends on the selected Flowgates to act as predetermined
limiting constraints to power transfer. The process by which ATC will be determined when using
the Flowgate proxy technique incorporates the Definitions and Concepts within this Criteria.

Determination of ATC via Flowgates adheres to the following approach:
(1) establishes a network representation (power flow model)
(2) identifies potential limits to transfer (thermal, voltage, stability, contract)
(3) determines response factors of identified limits relative to transfer directions (TDF)
(4) determines impacts of existing commitments (firm, non-firm)
(5) applies margins (TRM, CBM, a & b multipliers)
(6) determines maximum transfer capabilities allowed by limits and applied margins ( ATC,

FATC, NFATC)

6.5.1 ATC Calculation and Posting Timeframes

To assist Transmission Providers with Short Term service obligations under FERC Order 888
and 889, SPP will calculate the monthly path ATC for the upcoming 16-months for all potential
commercial paths for Transmission Providers in the SPP Region. This data will be posted for use
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in evaluating the SPP OATT requests and provided on a monthly basis to the Transmission
Providers in adequate time to post the information on OASIS nodes by the 1st of each month.

Hourly, Daily and Weekly ATC shall be calculated on a daily basis and posted at the time of run.
SPP will also provide commercial path conversions to any individual providers needing that
information to administer their own tariff. Hourly ATC shall be calculated for 12 to 36 hours
ahead depending on time of day. SPP has a firm scheduling deadline at 12:00 noon of the day
prior to start. At this point all firm schedules are known and the hourly non-firm request window
opens for the next day. At this point SPP will calculate hourly ATC for HE 14 of the current day
through HE 24 of the next day. This process continues dropping the current hour each
resynchronization until 12:00 noon the next day when the cycle starts again. Again SPP will
provide commercial path conversions for any SPP provider that needs them for posting on their
own OASIS nodes.

6.5.2 Power Flow Models

The monthly calculation of Flowgate based ATC will be made using rolling seasonal models that
produce an update for the upcoming sixteen month service window (12 month multi-month
service + 4 months advance notice). For example, the required data update for January of any
year will yield data for January thru December plus the next January, February, March and April
of the following year. The necessary seasonal models will be selected from the approved SPP
MDWG set to represent this time frame. Any known system changes/corrections to these models
will be included. SPP will routinely calculate ATC for the upcoming 16-month service window.
Monthly models will be updated/developed from the latest seasonal models to represent
individual months for the purpose of capturing operational conditions that may be unique from
other monthly models.

6.5.3 Base Loading, Firm and Non-Firm (FBL & NFBL)

Model base flows provide the basis for which to begin determination of Available Flowgate
Capacity. However, there are many transactions within the monthly models that are duplicated
on the OASIS. A record of the network model flows of each Flowgate as found in the solved
network models will be used as a beginning point to account for impacts of base case
transactions and existing commitments. The impacts on Flowgates due to transactions outside the
purpose of representing designated Network Resource exchange will be removed by applying the
TDF factors determined to each transaction identified in the base case. In addition to adjusting
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the model flow in this manner, positive and counter impacts of existing OASIS commitments
will be applied according to the type of Base Loading (Firm or Non-Firm) under consideration.
In non-firm Base Loading, 50% of Counter Impacts resulting from firm Confirmed reservations
will act to reduce the overall Base Loading figure. This process will establish the base loading
expected with each control area serving its firm Network Load.

6.5.4 Transfer Distribution Factor Determinations (TDF)

For export and import participation points all on-line generators, unless otherwise denoted (e.g.,
nuclear units), will be scaled prorated by their machine base (MBASE). TDF data will be
calculated for all commercial paths using the most current participation data, ATC models and
Flowgate list on a monthly basis.

6.5.5 Existing Commitments and Netting Practices

Existing commitments resulting from Confirmed, Accepted and Study reservations on the SPP
OATT OASIS nodes will be considered and accounted for in the determination of Available
Flowgate Capacity. Accounting for the impact of existing commitments is a key part of the
process for determining which new transfers will be allowed, unlike the TLR implementation
process which involves determining which existing transfers must be curtailed. Therefore, unlike
TLR implementation which requires a minimum TDF threshold, all positive impacts from
existing commitments must be applied without using a minimum TDF threshold. Impacts from
these commitments will be applied according to the future time frame of which they are
applicable. These time frames are discussed below:

6.5.5.1  Yearly Calculations (whole years, starting 60 days out)

A Yearly transmission service request is defined as a service request with a duration of greater
than or equal to 1 year in length. The evaluation of Available Transfer Capability for this service
type is performed utilizing solved network models with existing OASIS commitments figured in
as net area interchange values. In addition to monitoring Flowgates, standard N-1 contingency
analyses will be performed to study the impact of yearly transmission requests on the
transmission system. The long-term threshold is shown in Appendix PL-4 and is applied to all
elements above 60kV.
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6.5.5.2 Monthly Calculations (months 2 through 16)

The impacts of OASIS reservations that are Confirmed, Accepted and in Study mode will be
applied to each Flowgate according to the TDF values determined. All positive impacts on a
Flowgate due to these types of reservations decrease ATC. 100% of counter flow impacts due to
reservations supplying Designated Network Resources are allowed to increase ATC. For non-
firm service, up to 50% of the counter-flows due to all firm Confirmed reservations will be
allowed on a Flowgate. The combined positive impacts and counter flow impacts will be added
to the base flows to determine Available Flowgate Capacity for the Monthly calculation.

6.5.5.3  Daily and Weekly Calculations (Day 2 through 31)

For Daily and Weekly calculations, composite area interchange values will be determined by
integrating all OASIS Confirmed and Accepted reservations into projection models. Base flows
will be determined by the projection models. The impacts of OASIS reservations that are in
Study mode will be applied to each Flowgate according to the TDF values determined. Positive
impacts on a Flowgate due to Confirmed reservations that are not expected to be scheduled based
on actual historical scheduling data will be removed and allowed to increase firm Available
Flowgate Capacity. Counter flow impacts of Confirmed reservations that are expected to be
scheduled based on actual historical scheduling data will be allowed to increase firm Available
Flowgate Capacity. Up to 50% of the counter flow impacts due to all firm Confirmed
reservations will be allowed to increase non-firm Available Flowgate Capacity.

6.5.5.4  Hourly Calculations (Day 1)

These calculations are for hourly non-firm service only. All known schedule information from
NERC Electronic-tags will be applied to base flow calculations. These schedules determine base
interchange values. Since these are expected schedules, all counter flow impacts are allowed in
this calculation. OASIS reservation information is not considered for determination of existing
impacts in this calculation.

6.5.6 Partial Path Reservations

Requests made on individual Transmission Provider’ s tariffs require two or more reservations
to complete a transaction resulting in a partial path reservation. The SPP OATT offers service
out of, into and across SPP and between SPP members with a single reservation. For
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transmission service under the SPP OATT, only reservations with valid sources and sinks are
allowed. However, to avoid double accounting of Flowgate and system impacts due to duplicate
reservations documented on Transmission Provider OATT OASIS nodes from partial path
reservations, necessary means will be incorporated to recognize these related reservations and
determine the correct singular impacts.

6.5.7 ATC Adjustments Between Calculations

ATC will be adjusted following receipt of any valid SPP OASIS node reservation. The requested
capacity will be multiplied by the TDF on all affected Flowgates and the resulting amounts will
be subtracted from each Flowgates” ATC and posted to the OASIS.

6.5.8 Coordination of Transmission Commitments with Neighboring
Organizations

Coordination of dispatch information, Confirmed firm and non-firm system commitments from
neighboring regions, RTO” s, ISO’ s etc. will be conducted as appropriate to each type of ATC
being determined to establish the most accurate system representation of base flows and
generation profiles. External reservations may be retrieved from other OASIS sites or locations
designated by neighboring Transmission Providers.

6.5.9 Margins

Identified TRM and CBM will be applied to each Flowgate as described in SPP Planning Criteria
section 6.3.

6.5.10  ATC Determination
The following equations are used in ATC determination:
6.5.10.1 Firm Base Loading (FBL)*, **:

Firm Base Loading = (Flows resultant of DNR) + (Z Positive Impacts due to Firm OASIS

Commitments, Confirmed, Accepted and Study) - (100% of ~ Counter Impacts due to
Confirmed Firm OASIS Commitments for DNR only)
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6.5.10.2 Non-Firm Base Loading (NFBL)*, **:

Non-Firm Base Loading = (Flows resultant of DNR) + (Z Positive Impacts due to Firm

and Non-Firm OASIS Commitments, Confirmed, Accepted and Study) - (up to 50% of

Counter Impacts due to Confirmed Firm OASIS Commitments)
6.5.10.3 Firm Available Flowgate Capacity (FAFC):

Firm Available Flowgate Capacity = (Total Flowgate Capacity) - (TRM) - (CBM) -
(Firm Base Loading)

6.5.10.4 Non-Firm Available Flowgate Capacity (NFAFC, Operating Horizon):

Non-Firm Available Flowgate Capacity, Operating Horizon = (Total Flowgate Capacity)
- (b*TRM) - (CBM) - (Non-Firm Base Loading)

6.5.10.5 Non-Firm Available Flowgate Capacity (NFAFC, Planning Horizon):

Non-Firm Available Flowgate Capacity, Planning Horizon = (Total Flowgate Capacity) -
(@*TRM) - (CBM) - (Non-Firm Base Loading)

6.5.10.6 Firm Available Transfer Capability (FATC):

Firm ATC = Most limiting value from associated Flowgates = Min {Firm Available
Flowgate Capacity/TDF of appropriate path}

6.5.10.7 Non-Firm Path Available Transfer Capability (NATC, Operating Horizon):

Non-Firm ATC, Operating Horizon = Most limiting value from associated Flowgates =
Min {Non-Firm Available Flowgate Capacity, Operating Horizon/TDF of appropriate

path}
6.5.10.8 Non-Firm Available Transfer Capability (NFATC, Planning Horizon):

Non-Firm ATC, Planning Horizon = Most limiting value from associated Flowgates =
Min {Non-Firm Available Flowgate Capacity, Planning Horizon/TDF of appropriate

path}
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*Applicable pre-emption requirements of lower priority service types will be considered when
evaluating requests for transmission service.

** Impacts resulting from queued Study reservations will be applied according to priority when
evaluating requests for transmission service.

SPP will calculate the ATC for each of its Transmission Providers on their direct
interconnections (either physical interconnections or by rights to a line) and any interface or path
requested by a Transmission Provider to fulfill its obligations under FERC Order 889. The ATC
for requested interfaces or paths will be calculated only if requested by the Transmission
Provider obligated to post the interfaces or paths.

6.5.11 Annual Review of ATC Process

The SPP TWG will conduct an annual review of the Regional ATC determination process
including TRM and CBM to assess regional compliance with NERC requirements, regional
reliability needs and functionality toward SPP Transmission Owners and Users. This review will
be held at the same time as the Flowgate Evaluation process. The applicable long-term TRM is
listed in Appendix PL-4.

SPP will conduct a survey of the Transmission Owners and Users and the results will be
published on the SPP website. Concerns that are identified from the survey will be forwarded to
the appropriate SPP Committee.

6.5.12  Dialog with Transmission Users

Transmission Users may contact the TWG with any concerns regarding this criterion, its
implementation, or the resulting ATC values. The concerns should be in writing and sent to the
chair of the TWG. The chair will then draft a written response to the Transmission User
containing either an answer or a schedule for when such an answer can be provided. If the
Transmission User is not satisfied, the concerns can be sent to the chair of the Markets and
Operations Policy Committee.

Version 1.0 11/20/2015 61



@SPP Southwest
Power Pool

SPP Planning Criteria

1. Electrical Facility Ratings

7.1 Accredited Net Generating Capacity

This Section shall be used to determine the annual and seasonal accredited net generating
capacity of generators in calculating the capacity/reserve margin. Procedures are herein for
establishing a system of records so that changes in capacity during the life of the equipment can
be recognized. These Aprocedures define the framework under which the net generating
capacity are to be established while recognizing the necessity of exercising judgment in their
determination. The terms defined and the net generating capacity established pursuant to these
procedures shall be used for SPP purposes, including determining capacity margins for capacity
planning and preparation of reports of other information for industry organizations, news media,
and governmental agencies. These net generating capacity are not intended to restrict daily
operating practices associated with SPP operating reserve sharing, for which more dynamic
ratings may be necessary. Each member shall test its generating equipment in accordance with
the procedures contained herein. On the basis of these tests summer and winter net capability
ratings for each generating unit and station on the member's electric system shall be established.
This net capability is the maximum capacity a unit can sustain over a specified period modified
for seasonal limitations and reduced by the capacity required for station service or auxiliaries.
The summer net capability of each unit may be used as the winter net capability without further
testing, at the option of the member. As a minimum, each member shall conduct tests on all its
generators that are designated as a part of the resource for supplying a member’s peak load and
minimum capacity/reserve margin requirement of this Criteria. The seasonal net capabilities
shall be furnished to SPP for all existing generating units and upon installation of new generating
units and shall be revised at other times when necessary. Members shall annually report the
seasonal net generating unit capability in conjunction with the Department of Energy 411 Report
data gathering effort.

7.1.1 Accredited Capability Test

Capability Tests are required to demonstrate the claimed capability of all synchronous generating
units, excluding run-of-the-river hydroelectric plants and wind/solar plants. During a Capability
Test, a unit shall generate its rated net capability for a minimum of one hour period. Only minor
changes in unit controls shall be made during this time as required to bring the unit into normal,
steady-state operation.
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7.1.2 Operational Test

An Operational Test is used to demonstrate the ability of a generating unit to be loaded to its
nominal rating. Operational tests shall be conducted at a minimum of 90% of claimed member’s
peak season capability for a minimum of 1 hour. Any normal operating hour with the unit at or
above 90% of claimed capability may be deemed an Operational Test.

7.1.3 Frequency of Testing

Summer Capability Tests shall be conducted once every 5 years. If the winter capability rating is
greater than summer, winter tests shall also be conducted once every 5 years. Operational Tests
shall be conducted once every year during the member’s peak season. New units or units
undergoing a physical or operational modification which could impact capability shall be given a
capability test.

7.1.4 Net generating capacity and Testing Conditions

Ambient conditions at the time of running capability tests shall be recorded so that appropriate
adjustments can be made when establishing seasonal capabilities. Conditions to be recorded are:
dry-bulb temperature, wet-bulb temperature, barometric pressure, and condenser cooling water
inlet temperature. Summer Capability Tests are to be conducted at an ambient temperature
within 10 degrees Fahrenheit of Rating dry-bulb temperature.

Winter Capability Tests are to be conducted at an ambient temperature equal to or greater
than the minimum dry-bulb temperature for winter testing and rating defined in paragraph SPP
Planing Criteria 7.1.5.2.(7).

7.15 Procedures For Establishing Capability Ratings
7.15.1 External Factors

(1) Units dependent upon common systems which can restrict total output shall be tested
simultaneously.

(2) When the total output of a member's system is reduced due to restrictions placed upon the
output of individual generating units through the operation of the Clean Air Act, or
similar legislation, then the total of the individual unit ratings of a member's generating
resources shall not exceed the modified system capacity.
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(3) The fuel used during testing shall be the general type expected to be used during peak
load conditions or adjustments made to test data if an alternate fuel is used.

(4) Net Capability is the net power output which can be obtained for the period specified on a
seasonally adjusted basis with all equipment in service under average conditions of
operation and with the equipment in an average state of maintenance. Deductions from
net capability shall not be made for equipment temporarily out of service for normal
maintenance or repairs.

(5) The seasonal net capability shall be determined separately for each generating unit in a
power plant where the input to the prime mover of the unit is independent of the others,
except that in the event multiple unit plant capability is limited by fuel limitations,
transmission limitations or other auxiliary devices or equipment, each unit shall be
assigned a net generating capacity by apportioning the combined capability among the
units. The seasonal net capability shall be determined as a group for common header
sections of steam plants or multiple unit hydro plants, and each unit shall be assigned a
net generating capacity by apportioning the combined capability among the units.

7.15.2  Seasonality

(1) The summer season is defined by the months June, July, August and September. The
winter season is defined by the months December, January, February, and March. The
adjustments required to develop seasonal net capabilities are intended to include seasonal
variations in ambient temperature, condenser cooling water temperature and availability,
fuel changes, quality and availability, steam heating loads, reservoir levels, scheduled
reservoir discharge, and wind speed.

(2) The total seasonal net capability rating shall be that available regularly to satisfy the daily
load patterns of the member and shall be available for a minimum of four continuous
hours taking into account possible fuel curtailments and thermal limits.

(3) The seasonal net capability of each generating unit shall be based upon a set of
conditions, referred to as the "Net generating capacity Conditions™ for that unit. This set
of conditions is determined by the geographical location of the unit, and is composed of
three or four factors, depending upon the type of unit. The three factors which can affect
most generating units are: Ambient dry-bulb temperature, Ambient wet-bulb temperature
and Barometric pressure. Condensing steam turbines which obtain condenser cooling
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water from a lake, river, or comparable source have a fourth factor: Condenser cooling
water source temperature.

(4) The Rating dry-bulb and wet-bulb temperatures shall be obtained from weather data
provided in the most recently published American Society of Heating, Refrigeration, and
Air Conditioning Engineers (ASHRAE) Fundamentals Handbook, Chapter 27 Climatic
Design Information. The handbook is published every four years; 1997, 2001, etc., and is
based on 15 years of historical weather data where available. If the generating station is
within 30 miles of the nearest weather station reported in the Handbook, then these
temperatures will be those for the nearest station. For all other stations, rating
temperatures shall be determined by interpolating between weather stations using plant
latitude and longitude. The steps to be used for interpolating weather data and correcting
for elevation are presented in SPP Criteria Appendix PL-1.

(5) If experience for a given unit suggests otherwise, members may optionally use their own
site specific temperature data if accurate hourly data is available to allow calculation of
the temperature levels as defined in the Criteria. Site specific data shall contain both dry-
bulb and wet-bulb temperatures.

(6) Temperatures for summer rating of equipment should be taken from Handbook Table 1B:
Cooling and Dehumidification Design Conditions - Cooling DB/MWB for 0.4% DB
(dry-bulb) and MWB (mean wet-bulb) (Column 2a and 2b, respectively). According to
the 2001 Handbook Page 27.2, "The 0.4% annual value is about the same as the 1.0%
summer design temperature in the 1993 ASHRAE Handbook.” In older Handbooks, the
dry-bulb temperature for summer rating of equipment shall be taken as that which is
equaled or exceeded 1% of the total hours during the months of June through September
for the plant's geographical location. The wet-bulb temperature for the summer rating
shall be the "mean coincident wet-bulb" temperature corresponding to the above dry-bulb
temperature.

(7) The temperature for winter rating of equipment should be taken from Handbook Table
1A: Heating and Wind Design Conditions-United States - Heating Dry Bulb 99%
(Column 2b). According to the 2001 Handbook Page 27.3, "Annual 99.6% and 99.0%
design conditions represent a slightly colder condition than the previous cold season
design temperatures, although there is considerable variability in this relationship from
location to location.” In older Handbooks, the minimum dry-bulb temperature for winter
testing and net generating capacity shall be taken as that which is equaled or exceeded
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(8)

(9)

(10)

7.153

(1)

()

(3)

99% of the total hours during the months of December through February (per Handbook
definition) for the plant's geographical location. The wet-bulb temperature is not
significant for the winter rating and can be disregarded.

Standard barometric pressure for a plant site shall be determined for each plant elevation
from the equation provided in Appendix PL-1.

For those units using a lake or river as a source of condenser cooling water, the summer
standard inlet temperature is the highest water inlet temperature during the month
concurrent with the Load Serving Member’s peak load of the year, averaged over the past
ten years.

Ambient wet-bulb temperature and condenser cooling water temperature are generally
not significant factors in adjusting cold weather capability of generating units. Shall
special situations arise in which these temperatures are required, reasonable estimates for
temperatures occurring coincidentally with the winter rating dry-bulb temperature as
defined in the Criteria shall be used.

Net Generating Capacity Adjustments

The rated net capability of a unit may be above or below the actual tested net generation
as a result of adjustments for Net generating capacity Conditions, with the exception of
units with winter season net generating capacity greater than their summer net generating
capacity. For these units, the winter season rated net capability shall be no greater than
the actual tested net generation. No net generating capacity adjustment for ambient
conditions shall be made.

Seasonal net capability shall not be reduced to provide regulating margin or spinning
reserve. It shall reflect operation at the power factor level at which the generating
equipment is normally expected to be operated over the daily peak load period.

Extended capability of a unit or plant obtained through bypassing of feed-water heaters,
by utilizing other than normal steam conditions, by abnormal operation of auxiliaries in
steam plants, or by abnormal operation of combustion turbines or diesel units may be
included in the seasonal net capability if the following conditions are met; a) the extended
capability based on such conditions shall be available for a period of not less than four
continuous hours when needed and meets the other restrictions, and b) appropriate
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(4)

()

(6)

(")

procedures have been established so that this capability shall be available promptly when
requested by the system operator.

The seasonal net capability established for nuclear units shall be determined taking into
consideration the fuel management program and any restrictions imposed by
governmental agencies.

The seasonal net capability established for hydro electric plants, including pumped
storage projects, shall be determined taking into consideration the reservoir storage
program and any restrictions imposed by governmental agencies and shall be based on
median hydro conditions.

The seasonal net capability established for run-of-the-river hydroelectric plants shall be
determined using historical hydrological data on a monthly basis.

The recommended methodology to evaluate the net planning capability established for
wind or solar facilities shall be determined on a monthly basis, as stated below. If a
member’s desire to use a more restrictive methodology to evaluate the net capability of
wind or solar they may do so, however net capability determined by the alternative
methodology employed cannot credit the wind or solar with a capability greater than
determined with the methodology stated below:

(@) Assemble all available hourly net power output (MWH) data measured at the
system interconnection point.

(b) Select the hourly net power output values occurring during the top 3% of load
hours for the SPP Load Serving Entity for each month of each year for the
evaluation period.

(c) Select the hourly net power output value that can be expected from the facility
60% of the time or greater. For example, for a 5 year period with the 110 hourly
net power output values ranked from highest to lowest, the capacity of the facility
will be the MW value in the 65th data point.

(d) A seasonal or annual net capability may be determined by selecting the
appropriate monthly MW values corresponding to the Load Serving Entity’s peak
load month of the season of interest (e.g., 22 hours for a typical 30 day month and
110 hours for a 5 year period).

(e) Facilities in commercial operation 3 years or less:
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Q) The data must include the most recent 3 years.

() Values may be calculated from wind or solar data, if measured MW values are not
yet available. Wind data correlated with a reference tower beyond fifty miles is
subject to Generation Working Group approval. Solar data correlated with a
reference measuring device beyond two hundred miles is subject to Generation
Working Group approval. For calculated values, at least one year must be based
on site specific data.

(g) If the Load Serving Entity chooses not to perform the net capability calculations
as described above during the first 3 years of commercial operation, the Load
Serving Entity may submit 5% for wind facilities and 10% for solar facilities of

the site facility’s nameplate rating.
(h) Facilities in commercial operation 4 years and greater:

Q) The data must include all available data up to the most recent 10 years of
commercial operation.

(i) Only metered hourly net power output (MWH) data may be used.

(iii) After three years of commercial operations, if the Load Serving Entity
does not perform or provide the net capability calculations to SPP as
described above, then the net capability for the resource will be 0 MW.

(i)  The net capability calculation shall be updated at least once every three years.

7.2 Rating of Transmission Circuits

Each SPP member shall rate transmission circuits operated at 69 kV and above in accordance
with this criteria. A transmission circuit shall consist of all elements load carrying between
circuit breakers or the comparable switching devices. Transformers with both primary and
secondary windings energized at 69 kV or above are subject to this criteria. All circuit ratings
shall be computed with the system operated in its normal state (all lines and buses in-service, all
breakers with normal status, all loads served from their normal source). The circuit ratings will
be specified in "MVA" and are taken as the minimum ratings of all of the elements in series.
The minimum circuit rating shall be determined as described in this criteria and members shall
maintain transmission right-of-way to operate at this rating. However, SPP members may use
circuit ratings higher than these minimums. Each element of a circuit shall have a normal and an
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emergency rating. For certain equipment, (switches, wave traps, current transformers and circuit
breakers), these two ratings are identical and are defined as follows:

(1) NORMAL RATING: Normal circuit ratings specify the level of power flow that
facilities can carry continuously without loss of life to the facility involved.

(2) EMERGENCY RATING: Emergency circuit ratings specify the level of power flow that
a facility can carry for the time sufficient for adjustment of transfer schedules, generation
dispatch, or line switching in an orderly manner with acceptable loss of life to the facility
involved.

At a minimum, each member shall compute summer and winter seasonal ratings for each circuit
element. The summer season is defined by the months June, July, August and September. The
winter season is defined by the months December, January, February and March. The seasonal
rating shall be based upon an ambient temperature (either maximum or average) developed using
the methodology described in Appendix PL-2.A. A member may elect to compute a third set of
seasonal ratings for the remaining months of the year (April, May, October and November). If
that election is not made, summer ratings shall be used for these remaining months.

7.2.1 Power Transformer

Power transformer ratings are discussed in ANSI/IEEE C5791, IEEE Guide for Loading
Mineral-Oil-Immersed Power Transformers. Every transformer has a distinct temperature rise
capability used in setting its nameplate rating (either 55°C or 65°C). These temperature rise
amounts reflect the average winding temperature rise over ambient that a transformer may
operate on a continuous basis and still provide normal life expectancy.

7.2.1.1  Normal Rating

The normal circuit rating for power transformers shall be its highest nameplate rating. The
nameplate rating shall include the effects of forced cooling equipment if it is available. For
multi-rated transformer (OA/FA, OA/FA/FA, OA/FOA/FOA, OA/FA/FOA) with all or part of
forced cooling inoperative, nameplate rating used is based upon the maximum cooling available
for operation. Normal life expectancy will occur with a transformer operated at continuous
nameplate rating.
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7.2.1.2  Emergency Rating

When operated for one or more load cycles above nameplate rating, the transformer insulation
deteriorates at a faster rate than normal. The emergency circuit rating for power transformers
shall be a minimum of 100% of its highest nameplate rating. Member systems may use a higher
emergency rating if they are willing to experience more transformer loss-of-life.

7.21.3 Loss of Life

In ANSI/IEEE C57.91, a 65°C rise transformer can operate at 120% for an 8 hour peak load
cycle and will experience a 0.25% loss of life. 1f a 65°C rise transformer experiences 4 incidents
where it operates at or below 120% for an 8 hour peak load cycle, it will still be within the target
of 1% loss of life per year. In ANSI/IEEE C57.91, a 55°C rise transformer can operate at 123%
for an 8 hour peak load cycle and will experience a 0.25% loss of life. Likewise, if a 55°C rise
transformer experiences 4 incidents where it operates at or below 123% for an 8 hour peak load
cycle, it will still be within the target of 1% loss of life per year.

7.2.1.4  Ambient Temperature

Average ambient temperature is an important factor in determining the load capability of a
transformer since the temperature rise for any load must be added to the ambient to determine
operating temperature. Transformers designed according to ANSI standards use a 30°C average
ambient temperature (average temperature for 24 consecutive hours) when setting nameplate
rating. Transformer overloads can be increased at lower average ambient temperatures and still
experience the same loss of life. This allows seasonal ratings with higher normal and emergency
ratings. However, this circuit rating criteria does not call for seasonal transformer ratings. In
ANSI/IEEE C57.91, transformers can be loaded above 110% and experience no loss of life when
the average ambient temperature is below 78°F. By not having seasonal ratings, the four
occurrences that contribute to loss of life are limited to days when the average ambient
temperature exceeds 78°F. The Power Transformer Rating Factors include:

(1) Nameplate rating, normal loss of life for 55°C and 65°C rise transformers with cooling
equipment operating.

(2) Average ambient temperature, 30°C.
(3) Equivalent load before peak load, 90% of nameplate rating.

(4) Hours of peak load, 8 hour load cycle.
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(5) Acceptable annual loss of life, 1%.

7.2.2 Overhead Conductor

Overhead conductor ratings are discussed in IEEE Standard 738, IEEE Standard for Calculating
the Current-Temperature Relationship of Bare Overhead Conductors. Ampacity values are to be
determined using the fundamental heat balance equation outlined in the House and Tuttle
method. Because of the amount and complexity of the equations, this method lends itself to
computer application. The recommended computer programs to be used for this calculation
either include the BASIC program listed in Annex B of IEEE Standard 738 or an equivalent
program, such as the DYNMAP program which is part of the EPRI TLWorkstation ™ software
package. While tables and graphs may be convenient to use, they fail to take into account the
geographic location of the line and often lack either the desired ambient temperature and/or the
desired conductor temperature. The use of tables and graphs is not acceptable.

7.2.2.1  Conductor Properties

Some computer programs used to compute ampacity values have a conductor property library
whereby a user simply specifies the conductor code name and the program will search the
conductor property file and select the proper input properties. Those using the BASIC program
from Annex B of IEEE Standard 738 or another computer program that does not have a
conductor property library will obtain conductor properties from an appropriate data source
(Aluminum Electrical Conductor Handbook, EPRI Transmission Line Reference Book 345 kV
and Above, Westinghouse Transmission and Distribution Book, etc.).

7.2.2.2 Line Geographic Location

These factors specify the location of the line, its predominant direction and its predominant
inclination. These numbers can either be line specific or they can represent a general line within
the control area. One ambient temperature shall be agreed upon for tie lines traversing several
geographic areas and interconnections among different control areas.

7.2.2.3  Radiation Properties

The two radiative properties of conductor material are solar absorptivity and infrared emissivity.

Solar Absorptivity The fraction of incident solar radiant energy that is absorbed by the
conductor surface. This value shall be between 0 and 1. Recommended
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values are given in the following tables:

COPPER CONDUCTORS ALUMINUM CONDUCTORS
Oxidation Level Absorptivity Service Years Absorptivity
None 0.23 0<5 0.43
Light 0.5 05 1.00
Normal 0.7
Heavy 1.0
Source: Glenn A. Davidson, Thomas E. Donoho, George Hakun 11, P. W. Hofmann, T. E

Bethke, Pierre R. H. Landrieu and Robert T. McElhaney, "Thermal Ratings for
Bare Overhead Conductors”, IEEE Trans., PAS Vol. 88, No.3, pp. 200-05, March
1969.

Infrared Emissivity The ratio of infrared radiant energy emitted by the
conductor surface to the infrared radiant energy emitted by a blackbody at the
same temperature. This value shall be between 0 and 1. Recommended values
are given in tables below:

COPPER CONDUCTORS ALUMINUM CONDUCTORS

Oxidation Level Emissivity Service Years Emissivity
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None 0.03 0 0.23

Light 0.3 5-10 0.82

Normal 0.5 10-20 0.88

Heavy 0.8 (120 0.90
Source: W. S. Rigdon, H. E. House, R. J. Grosh and W. B. Cottingham, "Emissivity of

Weathered Conductors After Service in Rural and Industrial Environments,"
AIEE Trans., Vol. 82, pp. 891-896, Feb. 1963.

7224 Weather Conditions

Ambient temperature represents the maximum seasonal temperature the line may experience for
summer and winter conditions. Appendix PL-2.A contains a methodology to compute maximum
ambient temperature. Wind speed is assumed at 2 ft/sec (1.4 mph) or higher. Wind direction is
assumed perpendicular to the conductor.

7.2.25  Maximum Conductor Temperature

The selection of a maximum conductor temperature affects both the operation and design of
transmission lines. Existing transmission lines were designed to meet some operating standard
that was in effect at the time the line was built. That standard specified the maximum conductor
temperature which maintained acceptable ground clearance while allowing for acceptable loss of
strength. Over time, the required amount of ground clearance and the maximum conductor
temperature needed to maintain acceptable ground clearance have changed. The changes are
reflected in the revisions that have been made to the National Electric Safety Code (NESC) over
the years. Although this Criteria specifies a maximum conductor temperature that could be met
by current line design practices, consideration must be given to existing lines that were built
according to an earlier standard. This Circuit Rating Criteria specifies a maximum conductor
temperature (for both normal and emergency operating conditions) that shall be used for seasonal
circuit ratings. For those existing lines that were designed to meet an earlier standard, it is the
responsibility of the line owner to establish a rating that is consistent with the NESC design
standards being practiced at the time the line was built. This Criteria specifies the use of
maximum conductor temperatures that either maintain acceptable ground clearance requirements
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from earlier NESC's or meet the temperature requirements in SPP Planning Criteria section
7.2.2.6, whichever is lower.

7.2.2.6 Determination of Maximum Conductor Temperature

The maximum conductor temperature for normal ratings may be limited by conductor clearance
concerns. Normal ratings are at a level where loss of strength is not a concern. The maximum
conductor temperature for emergency ratings have both conductor clearance and loss of strength
concerns. By setting a maximum conductor temperature and the length of time a conductor may
operate at this temperature, the maximum allowable loss of strength over the life of the
conductor is prescribed. Unless conductor clearance concerns dictate otherwise, at least the
following maximum conductor temperatures shall be used. This allows for the efficient
utilization of the transmission system while accepting minimal risk of loss of conductor strength
during emergency operating conditions. These conductor temperatures are a result of the
examination of SPP members practices.

Maximum Conductor Temperature
Normal Rating Emergency Rating
ACSR 85°C 100°C
ACAR 85°C 100°C
Copper 85°C 100°C
Copperweld 85°C 100°C
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AAC 85°C 100°C
AAAC 85°C 100°C
SSAC 200°C 200°C

Note: Annealing of copper and aluminum begins near 100°C.

7.2.2.7  Hours of Operation at Emergency Rating

The effect of conductor heating due to operating at the maximum temperature during emergency
conditions is cumulative. If a conductor is heated under emergency loading for 4 hours 8 times
during the year, the total effect is nearly the same as heating the conductor continuously at the
temperature for 32 hours. Using a useful conductor life of 30 years, the conductor will have
been heated to the maximum temperature for 1000 hours. For an all aluminum conductor
(AAC), this results in a 7% reduction from initial strength. Since the steel core of an ACSR
conductor is essentially unaffected by the temperature range considered for emergency loadings,
for an ACSR conductor, this results in a 3% reduction from initial strength. Both of these
amounts are acceptable loss of strength. The daily load cycle for operating at the emergency
rating shall not exceed 4 hours. This load cycle duration for conductors operating at the
emergency rating is more restrictive than power transformers because power transformers have a
delay in the time required to reach a stable temperature following any change in load (caused by
a thermal lag in oil rise) and because seasonal ratings shall allow transmission lines to achieve a
maximum conductor temperature throughout the year, not just days when the ambient exceeds
78°F.

7.2.3 Underground Cables

Ampacities are calculated by solving the thermal equivalent of Ohm's Law. Conceptually, the
solution is simple, however the careful selection of the values of the components of the circuit is
necessary to ensure an accurate ampacity calculation. The recognized standard for almost all
steady-state ampacity calculations, in the United States, is taken from a publication, "The
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Calculation of the Temperature Rise and Load Capability of Cable Systems," by J.H. Neher and
M.H. McGrath, 1957, hereafter referred to as the Neher-McGrath method. The procedure is
relatively simple to follow and has been verified through testing. In recent years, some of the
parameters have been updated, but the method is still the basis of all ampacity calculations.

7.2.3.1  Cable Ampacity

Cable ampacity is dependent upon the allowable conductor temperature for the particular
insulation being used. Conductor temperature is influenced by the following factors:

(1) Peak current and load-cycle shape;

(2) Conductor size, material and construction;

(3) Dielectric loss in the insulation;

(4) Current-dependent losses in conductor, shields, sheath and pipe;

(5) Thermal resistances of insulation, sheaths and coverings, filling medium, pipe or duct and
covering, and earth;

(6) Thermal capacitances of these components of the thermal circuit;
(7) Mutual-heating effects of other cables and other heat sources; and
(8) Ambient earth temperatures.

Both steady-state and emergency ampacities depend upon these factors, although emergency
ratings have a greater dependency upon the thermal capacitances of each of the thermal circuit
components.

7.2.3.2 Conductor Temperature

The maximum allowable conductor temperature is 85°C for high-pressure fluid-filled (HPFF),
pipe-type cables and 90°C for crosslinked, extruded-dielectric cables.

The table below summarizes allowable conductor temperatures for different insulation materials.
Two values are given for each cable insulation. The higher temperature may be used if the
thermal environment of the cable is well-known along the entire route, or if controlled backfill is
used, or if fluid circulation is present in an HPFF circuit. The maximum conductor temperatures
allowed under steady-state conditions are limited by the thermal aging characteristics of the
insulation structure of the cable. For emergency-overload operating conditions, maximum
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conductor temperatures are also limited by the thermal aging characteristics. The temperature is
also limited by the melting temperature range of the insulation structure of the cable, its
deformation characteristic with temperatures, restraints imposed by the metallic shield,
deformation characteristic of the jacket, and the decrease in ac and impulse strengths with
increases in temperature.

Insulation Material Maximum Temperature
Normal Emergency
Impregnated paper (AEIC CS2-90 for | 85°C 105°C for 100 hr

HPFF and HPGF
(75°C) 100°C for 300 hr

(AEIC CS4-79 for SCLF)

Laminated paper-polypropylene (AEIC 85°C 105°C for 100 hr
CS2-90) (75°C) 100°C for 300 hr
Crosslinked polyethylene (AEIC CS7-87) 90°C 105°C

(80°C) cumulative for 1500 hr

Ethylene-propylene rubber (AEIC CS6-87) | 90°C 105°C*

(80°C) cumulative for 1500 hr

Electronegative gas/spacer Consult manufacturer for specific designs

* Emergency operation at conductor temperatures up to 130°C may be used if mutually agreed
between purchaser and manufacturer and verified by qualification and prequalification tests.
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7.2.3.3  Ambient Temperature

The ambient temperature is measured at the specified burial depth for buried cables and the
ambient air temperature is used for cables installed above ground. IEC Standard 287-1982 (2-5)
recommends that in the absence of national or local temperature data the following should be
used:

Climate Ambient Air Ambient Ground
Temperature °C Temperature °C
Tropical 55 40
Sub-tropical 40 30
Temperature 25 20

The electrical resistance is composed of conductor dc resistance, ac increments due to skin and
proximity effects, losses due to induced currents in the cable shield and sheath and induced
magnetic losses in the steel pipe. Heat generated in the cable system will flow to ambient earth
and then to the earth surface. This heat passes through the thermal resistances of the cable
insulation, cable jacket, duct or pipe space, pipe covering and soil. Adjacent heat sources, such
as other cables or steam mains, will provide impedance to the heat flow and thus reduce cable
ampacity. Further information concerning the components of the ampacity calculations are
summarized in Appendix PL-2.B and fully detailed in the EPRI Underground Transmission
Systems Reference Book. An example calculation, from the EPRI book, is also provided in
Appendix PL-2.B.

724 Switches

Appendix PL-2.C contains a discussion on developing ratings for switches. In general, switches
have seasonal ratings that are a function of the maximum ambient temperature. A switch part
class designation is used to differentiate loadability curves that give factors which can be
multiplied by the rated continuous current of the switch to determine temperature adjusted
normal and 4 hour emergency ratings. The summer normal and emergency switch ratings can be
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computed by selecting the appropriate loadability factor curve for the switch part class, reading
the loadability factors that are appropriate for the summer maximum ambient temperature (40°C
or the summer maximum ambient temperature determined in Appendix PL-2.A), and multiplying
the continuous current ratings by the loadability factor. The switch winter normal and
emergency ratings can be computed by multiplying the continuous current rating by the normal
and emergency loadability factors that are appropriate for the winter maximum ambient
temperature (0°C or the winter maximum ambient temperature determined in Appendix PL-2.A).
Appendix PL-2.C contains loadability factor curves (both normal and emergency) for various
switch part classes. The ANSI/IEEE standard referenced in Appendix PL-2.C allows for
emergency ratings to be greater than normal ratings. This Criteria does not require the
emergency rating to be greater than the normal rating.

7.2.5 Wave Traps

Appendix PL-2.D contains a discussion on developing ratings for wave traps. The two types of
wave traps are the older air-core type and the newer epoxy-encapsulated type. In general, both
types have a continuous current rating based on a 40°C maximum ambient temperature. Both
types have a loadability factor that can be used to determine seasonal ratings that are a function
of the maximum ambient temperature. However, the older air-core type has another loadability
factor that can be used to determine a four-hour emergency rating that is also a function of the
maximum ambient temperature. The newer epoxy encapsulated type does not have an
emergency rating.

7.2.6 Current Transformers

Appendix PL-2.E contains a discussion on developing ratings for current transformers. The two
types of current transformers are the separately-mounted type and the bushing type. In general,
both types have a continuous current rating based on a 30°C average ambient temperature.

7.2.6.1  Separately Mounted Current Tranformers

The separately-mounted type has an ambient-adjusted continuous thermal current rating factor
that can be multiplied by the rated primary current of the current transformer to determine
seasonal ratings. Separately-mounted current transformers do not have emergency ratings.
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7.2.6.2  Bushing Current Transformers

Bushing current transformers are subject to and influenced by the environment of the power
apparatus in which they are mounted. Bushing current transformers can be located within circuit
breakers and power transformers. Since bushing current transformers are subject to the
environment within the power apparatus, they do not have ambient adjusted continuous thermal
current rating factors. Rather, if the primary current rating of the ratio being used is less than the
continuous current rating of the breaker or the power transformer, this restricts the breaker or
power transformer to operate below its rated current which reduces the current transformer
temperature. This allows the current transformer to be operated at a continuous thermal rating
factor greater than 1.0. Having a bushing current transformer whose primary current rating of
the ratio being used is less than the continuous current rating of the breaker or the power
transformer is an unusual case. However, the formula to develop the rating factor for this case is
located in Appendix PL-2.E. Although bushing current transformers have some short-term
emergency overload capability, it must be coordinated with the overall application limitation of
the other equipment affected by the current transformer loading. Consequently, this criteria does
not recognize an emergency rating for bushing current transformers.

7.2.7 Circuit Breakers

Appendix PL-2.F contains a discussion on developing ratings for circuit breakers. This
discussion centers on the use of specific circuit breaker design information to set seasonal and
emergency ratings. This design information is not readily available to the owners of such
equipment. To use the rating methodology discussed in Appendix PL-2.F would require
contacting the manufacturer for detailed design information for each circuit breaker being rated.
Rather than doing that, this circuit rating criteria specifies that the nameplate rating shall be used
for seasonal normal and emergency ratings. The nameplate rating is based on a maximum
ambient temperature of 40°C. If a circuit breaker is found to be a limiting element in a circuit
and is experiencing loadings that limit operations, a member system may pursue the
methodology outlined in Appendix PL-2.F to determine the circuit breakers seasonal normal and
emergency rating.

7.2.8 Ratings of Series and Reactive Elements

The series transmission elements rating will be in amps, ohms, and MVA. The series
transmission elements current (amps) rating will be taken as the minimum rating of all internal
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components (e.g., breakers) that are in series with the interconnected transmission circuit. Shunt
reactive elements (e.g., capacitors, reactors) MVA ratings will be based on the nominal
transmission interconnecting voltage.

The documentation of the methodology(ies) used to determine the rating of series and reactive
elements shall be provided to SPP and/or NERC on request within five business days.

7.2.9 Ratings of Energy Storage Devices

The available real power rating, reactive power rating, control points, and availability of each
electrical energy storage device will be provided to SPP upon request. The documentation of the
methodology(ies) used to rate electrical energy storage devices shall be provided to SPP and/or
NERC on request within five business days.

7.2.10  Circuit Rating Issues
7.2.10.1 Dynamic (Real Time) Ratings

The calculation of static thermal ratings specified in SPP Planning Criteria section 7.2.2.6 uses
worst case thermal and operational factors and therefore apply under all conditions. Often times,
these worst case thermal and operational factors do not all occur at the same time. Consequently,
a static rating may understate the thermal capacity of the circuit. For operation purposes, some
members have elected to monitor the factors that affect circuit ratings and use this information to
set dynamic ratings. A member can develop and use a rating that exceeds the static thermal
rating for operating purposes. The ratings developed by using this criteria are not intended to
restrict daily operations but set a minimum rating that can be increased when factors for
determining the equipment rating have changed. However, if transmission line ratings are
changed dynamically, the required clearances shall still be met.

7.2.10.2 Non-Thermal Limitations

There may be instances when the flow on a transmission circuit is limited by factors other than
the thermal capacity of its elements. The limit may be caused by other factors such as dynamics,
phase angle difference, relay settings or voltage limited.
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7.2.10.3 Tie Lines

When a tie line exists between two member systems, use of this criteria shall result in a uniform
circuit rating that is determined on a consistent basis between the two systems. For tie lines
between a SPP member and a non-member, the member shall follow this criteria to rate the
circuit elements owned by them and shall coordinate the rating of the tie line with the non-
member system such that it utilizes the lowest rating between the two systems.

7.2.10.4 Rating Inconsistencies

A member may have a contractual interest in a joint ownership transmission line whereby the
capacity of the line is allocated among the owners. The allocated capacity may be based upon
the thermal capacity of the line or other considerations. Members shall use good faith effort to
amend their transmission line agreements to reflect the effects of new circuit ratings. There may
exist other transmission agreements or regulatory mandates that use the thermal capacity of
transmission circuits in allocation of cost and determination of network usage formulas (for
example, the MW-mile in ERCOT). These agreements and mandates may specify a
methodology and/or factors for computing thermal capacity used in the formulas. Since these
amounts are only used in assignment of cost or usage responsibility and not in actual operations
of the transmission system, there is no conflict with using a different set of ratings for this
specific purpose.

7.2.10.5 Damaged Equipment

There may be instances when a derating of a transmission line element is required due to
damaged equipment. The limit may be caused by such factors as broken strands, damaged
connectors, failed cooling fans, or other damage reducing the thermal capability.

7.2.11  Reporting Requirements

Each member will administer this Criteria and will make available upon request the application
of this Criteria for those facilities that impact another member (i.e. force them to curtail
schedules due to line loadings, denies them access to transmission service or requires them to
build new transmission facilities or pay opportunity costs to receive transmission service).
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7.3 System Operating Limits (SOLS)

The value (such as MW, MVar, Amperes, Frequency or Volts) that satisfies the most limiting of
the prescribed operating criteria for a specified system configuration to ensure operation of the
Bulk Electric System (BES) within acceptable reliability criteria. System Operating Limits are
based upon certain operating criteria. These include, but are not limited to: Facility Ratings
(Applicable pre- and post-Contingency equipment or facility ratings), Transient Stability Ratings
(Applicable pre- and post-Contingency Stability Limits), Voltage Stability Ratings (Applicable
pre- and post-Contingency Voltage Stability), and System Voltage Limits (Applicable pre- and
post-Contingency Voltage Limits). SPP monitors and controls the BES using Flowgates and the
NERC TLR process.

SPP also monitors numerous other BES facilities within its footprint and creates temporary
flowgates when operating conditions reveal any additional limiting system configurations. Since
SPP is utilizing these flowgates to ensure the system is operating within acceptable reliability
criteria, these flowgate limits serve as the SPP System Operating Limits.

7.3.1 Methodology for Determination of Operating Horizon SOLs

(1) This methodology is applicable for developing SOLs used in the operating horizon.

(2) Based on results of system studies (as described below), SOLs are determined per the
definition.

(3) SOLs shall not exceed Facility Ratings. SOLs equal applicable Facility Ratings unless
additional studies have established a lower limit based on other operational issues such as
transient, dynamic and voltage stability, etc.

(4) Anticipated system topology, generation dispatch, and load levels are utilized daily via
SPP member submission on OPS1 and NERC SDX for non-members.

(5) Pre-contingency and first contingency studies will be conducted to investigate thermal
and voltage violations for current and next day.

(6) Voltage and angular stability issues are investigated off-line as deemed necessary by
operator and engineer experience and engineering judgment.

(7) As deemed necessary by study results, an operating guide to aid operators in mitigating
potential SOL violations may be produced. These guides may be temporary or
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permanent, depending whether the violation is due to a short-term outage, seasonal
loading issues, etc. At a minimum, this operating guide will include:

(a) Statement of type(s) of violations revealed by study (voltage/thermal/stability)
(b) Applicable dates

(c) Available/recommended mitigation methods, including generation redispatch
(maximum MW and/or minimum Mvar generation), transmission reconfiguration,
reclosing reconfiguration, load shedding, and Transmission Loading Relief
(TLR).

(8) Identified SOLs are screened to compile a list of potential IROLs per the following
criteria:

(@) Potential IROLs will be investigated when a contingency analysis highlights a
thermal overload in excess of 120% of the SOL of the monitored facility.

(b) Potential IROLs will also be investigated when a contingency analysis highlights
an under-voltage condition characterized by bus voltages of less than 90% across
three or more BES facilities.

The potential IROL condition will be reviewed further by evaluating the system
response to the loss of the SOL violated facility. The original potential IROL
contingency will be assumed to be a confirmed IROL condition if the evaluation
reveals that the ensuing SOL violated facility contingency results in another BES
facility being overloaded to greater than 120% of its SOL or three or more
additional BES facilities with bus voltages in the area experiencing projected
post-contingency voltages less than 90%, unless there are studies or system
knowledge that the SOL is not an IROL.

(9) The IROL Tv is 30 minutes.

(10) Special Protection Schemes (SPS’s) are allowed to prevent prolonged undervoltage and
to preserve system voltage and machine stability. The Transmission Owner shall provide
the RC with the location and description of each SPS, and shall notify the RC when the
schemes are enabled/disabled.
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7.3.11

1)

()

(3)

(4)

(5)

(6)

SOL Provisions

In the pre-contingency state, the BES shall demonstrate transient, dynamic, and voltage
stability; all Facilities shall be within their Facility Ratings and within their thermal,
voltage, and stability limits. In determining SOLs, the BES condition used shall reflect
future system conditions with all facilities operated in their normal operating condition.

Following single contingencies as defined in (a) and (b) below, the system shall
demonstrate transient, dynamic, and voltage stability; all Facilities shall be operating
within their Facility Ratings and within their thermal, voltage, and stability limits; and
Cascading Outages or uncontrolled separation shall not occur.

(@ Single-line-to-ground or three-phase fault (whichever is more severe), with
normal clearing, on any faulted generator, line, transformer, or shunt device.

(b) Loss of any generator, line, transformer, or shunt device without a Fault.

In determining the system’s response to a single Contingency starting with all facilities
operated in their normal operating condition, the following shall be acceptable:

(@) Planned or controlled interruption of electric supply to radial customers or some
local network customers connected to or supplied by the Faulted Facility or by the
affected area. System reconfiguration should be implemented to minimize the
interruption of electric supply to the extent possible.

(b) System reconfiguration through manual or automatic control or protection actions.

To prepare for the next Contingency, system adjustments may be made, including
changes to generation, uses of the transmission system, and the transmission system
topology.

Starting with all facilities operated in their normal operating condition and following any
of the multiple contingencies identified in Reliability standard TPL-003 the system shall
demonstrate transient, dynamic and voltage stability; all facilities shall be operating
within their facility ratings and within their thermal, voltage and stability limits; and
cascading or uncontrolled separation shall not occur.

In determining the system’s response to any of the multiple contingencies identified in
Reliability standard TPL-003, in addition to the actions identified in (a) and (b) above,
the following shall be acceptable:
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7.3.1.2

1)

(2)

(3)

(4)

7.3.1.3

(@ Planned or controlled interruption of electric supply to customers (load shedding)
the planned removal from service of certain generators, and/or curtailment of
contracted firm electric power transfers. System reconfiguration should be
implemented to minimize the interruption of electric supply to the extent possible.

System Modeling and Contingency Definition

All offline models are based on the ERAG MMWG model of the Eastern Interconnect
power system. The model includes all TOs within the SPP RC footprint.

The model includes all non-radial facilities within the BES. Loads served over radial
lines are typically modeled as aggregate at the delivery bus. Many systems are modeled
in greater detail down to subtransmission level voltages (<69kV). This is typically true
only when the subtransmission system is networked (non-radial). In a few cases
distribution level voltages (26kV/13kV) are also modeled. Distribution capacitors can be
modeled as aggregate at a load bus.

The online model used by the SPP EMS application is constructed from data in the
offline model (PSS/E).

At a minimum the contingency list used in the operating horizon should include all non-
radial BES transmission lines and transformers > 100kV and all generators rated 300MW
and above. Additional contingencies will be included as provided by BA’s and/or TOs
within the RC footprint.

Methodology Distribution

SPP shall issue this methodology and any changes to the methodology, prior to the changes
taking effect, to all the following:

1)

(2)
(3)

Adjacent RCs and each RC that has indicated it has a reliability-related need for the
methodology

Each PA and Transmission Planner that models any portion of the RC footprint

Each TOP within the RC footprint.
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7.3.1.4

1)

7.3.2

(1)
)

(3)

(4)

(5)

(6)

(")

Comments on Methodology

If a recipient of the SOL methodology provides documented technical comments on the
methodology, the RC will provide a documented response to that recipient within 45
calendar days of receipt of those comments. The response will indicate whether a change
will be made to the SOL methodology and, if no change will be made to the SOL
methodology, the reason why.

Methodology for Determination of Planning Horizon SOLs

This methodology is applicable for developing SOLs used in the planning horizon.

Based on results of planning studies (as described below), SOLs are determined per the
definition.

SOLs shall not exceed applicable Facility Ratings. SOLs equal applicable Facility
Ratings unless additional studies have established a lower limit based on other
operational issues such as transient, dynamic and voltage stability, etc.

Anticipated system topology, generation dispatch, and load levels are based on the
modeling data provided in the annual Loadflow Model Development process coordinated
by the MDWG. Individual Transmission Owners may request development of additional
models for SOL analysis as needed to evaluate regional transfer conditions which are not
captured in existing MDWG models.

Pre-contingency, first contingency and multiple contingency studies will be conducted to
investigate thermal and voltage violations for all those future year loadflow models
developed by the MDWG.

Voltage and angular stability issues are studied in the annual Dynamic Stability models
developed by the MDWG.

As deemed necessary by study results, an operating guide to aid operators in mitigating
potential SOL violations may be produced. These guides may be temporary or
permanent, depending whether the violation is due to a short-term outage, seasonal
loading issues, etc. At a minimum, this operating guide will include:

(a) Statement of type(s) of violations revealed by study (voltage/thermal/stability)
(b) Applicable dates
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(8)

9)
(10)

7.3.21

(1)

)

(c) Available/recommended mitigation methods, including generation redispatch
(maximum MW and/or minimum Mvar generation), transmission reconfiguration,
reclosing reconfiguration, load shedding, and Transmission Loading Relief
(TLR).

Identified SOLs are screened to compile a list of potential IROLs per the following
criteria:

(@) Potential IROLs will be investigated when a contingency analysis highlights a
thermal overload in excess of 120% of the SOL of the monitored facility.

(b) Potential IROLs will also be investigated when a contingency analysis highlights
an under-voltage condition characterized by bus voltages of less than 90% across
three or more BES facilities.

The potential IROL condition will be reviewed further by evaluating the system response
to the loss of the SOL violated facility. The original potential IROL contingency will be
assumed to be a confirmed IROL condition if the evaluation reveals that the ensuing SOL
violated facility contingency results in another BES facility being overloaded to greater
than 120% of its SOL or three or more additional BES facilities with bus voltages in the
area experiencing projected post contingency voltages less than 90%, unless there are
studies or system knowledge that the SOL is not an IROL.

The IROL TV is 30 minutes.

Special Protection Schemes (SPS’s) are allowed to prevent prolonged undervoltage and
to preserve system voltage and machine stability. The Transmission Owner shall provide
the RC with the location and description of each SPS, and shall notify the RC when the
schemes are enabled/disabled.

SOL Provisions

In the pre-contingency state, the BES shall demonstrate transient, dynamic, and voltage
stability; all Facilities shall be within their Facility Ratings and within their thermal,
voltage, and stability limits. In determining SOLs, the BES condition used shall reflect
future system conditions with all facilities operated in their normal operating condition.

Following single contingencies as defined in (a) and (b) below, the system shall
demonstrate transient, dynamic, and voltage stability; all Facilities shall be operating

Version 1.0 11/20/2015 88



@SPP Southwest
Power Pool

SPP Planning Criteria

©)

(4)

(5)

(6)

7.3.2.2

1)

within their Facility Ratings and within their thermal, voltage, and stability limits; and
Cascading Outages or uncontrolled separation shall not occur.

(@ Single-line-to-ground or three-phase fault (whichever is more severe), with
normal clearing, on any faulted generator, line, transformer, or shunt device.

(b) Loss of any generator, line, transformer, or shunt device without a Fault.

In determining the system’s response to a single Contingency starting with all facilities
operated in their normal operating condition, the following shall be acceptable:

(@) Planned or controlled interruption of electric supply to radial customers or some
local network customers connected to or supplied by the Faulted Facility or by the
affected area. System reconfiguration should be implemented to minimize the
interruption of electric supply to the extent possible.

(b) System reconfiguration through manual or automatic control or protection actions.

To prepare for the next Contingency, system adjustments may be made, including
changes to generation, uses of the transmission system, and the transmission system
topology.

Starting with all facilities operated in their normal operating condition and following any
of the multiple contingencies identified in Reliability standard TPL-003 the system shall
demonstrate transient, dynamic and voltage stability; all facilities shall be operating
within their facility ratings and within their thermal, voltage and stability limits; and
cascading or uncontrolled separation shall not occur.

In determining the system’s response to any of the multiple contingencies identified in
Reliability standard TPL-003, in addition to the actions identified in (a) and (b) above,
the following shall be acceptable:

(@) Planned or controlled interruption of electric supply to customers (load shedding)
the planned removal from service of certain generators, and/or curtailment of
contracted firm electric power transfers. System reconfiguration should be
implemented to minimize the interruption of electric supply to the extent possible.

System Modeling and Contingency Definition

All planning models are based on the ERAG MMWG model of the Eastern Interconnect
power system. The model includes all TOs within the SPP RC footprint. Updates shall be
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made to reflect the most accurate system configuration, generation, and load
representation for each pertinent individual balancing authority area for the study period.
The following guidelines for system representation in modeling shall be applied:

(a)

(b)

(©)

(d)

(€)

(f)

(@)

(h)

Full loop representation is to be used with the entire Eastern Interconnect power
system modeled. The model includes all non-radial facilities within the BES.
Loads served over radial lines are typically modeled as aggregate at the delivery
bus. Many systems are modeled in greater detail down to subtransmission level
voltages (<69kV). This is typically true only when the subtransmission system is
networked (nonradial). In a few cases distribution level voltages are also
modeled. Distribution capacitors can be modeled as aggregate at a load bus.

The study model will assume all facilities in their normal operating condition,
with no planned outages, except those facilities normally operated in a de-
energized condition.

System transfer levels for major Eastern Interconnect paths should be agreed upon
and listed. Additional transfer paths should be included as appropriate.

Voltage profile and equipment loading will be within the ratings of the facilities
and will be determined using existing criteria.

The phase shifter methodology to be followed for all applicable phase shifters
should be identified.

Generation and load shedding may exceed the minimum requirement to ensure
margin for system security.

A MMWG model base case will be selected based on the generation dispatch,
load level (peak/off-peak) for seasonal (i.e. winter, spring, summer, and/or fall)
system conditions. The generation dispatch may vary due to wind, hydro or other
conditions.

Residential, commercial, and industrial load models, with constant power, current
and impedance should be included as appropriate. Transient stability models shall
represent voltage and frequency characteristics, either actual load models when
available, or accepted industry models. Loads shall be modeled as accurately as
possible, including the appropriate load power factor. Margins provided to allow
for load model uncertainty shall be explicitly stated.
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(2) At a minimum the contingency list used in the planning horizon should include all non-
radial BES transmission lines and transformers > 100kV and all generators rated 300MW
and above. Additional contingencies will be included as provided by BA’s and/or TOs
within the RC footprint.

(3) Special Protection Schemes (SPS) All SPS required to obtain the Accepted Rating should
be described in details and modeled as they will be applied in operation.

7.3.2.3  Methodology Distribution
SPP shall issue this methodology and any changes to the methodology, prior to the changes
taking effect, to all the following:

(1) Adjacent Planning Coordinator and each Planning Coordinator that has indicated it has a
reliability-related need for the methodology

(2) Each PA and Transmission Planner that models any portion of the RC footprint

(3) Each TOP within the RC footprint.

7.3.24  Comments on Methodology

(1) If a recipient of the SOL methodology provides documented technical comments on the
methodology, the Planning Coordinator will provide a documented response to that
recipient within 45 calendar days of receipt of those comments. The response will
indicate whether a change will be made to the SOL methodology and, if no change will
be made to the SOL methodology, the reason why.
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8. System Protection Requirement

Section Owner: Special Protection and Controls Working Group (SPCWG)

8.1 Disturbance Monitoring Equipment

‘Disturbance Monitoring Equipment’ (DME), as the term is used in this Section, refers to
equipment such as Digital Fault Recorders (DFR), Sequence of Events Recorders (SOE and/or
SER), Dynamic Disturbance Recorders (DDR), and other devices connected to the power system
for the purpose of monitoring performance of the system. This equipment is used to capture data
during disturbances defined as

1) any perturbation to the power system, or

2) the unexpected change in the power system that is caused by the sudden loss of
generation, transmission or interruption of load. Disturbance monitoring equipment
collect and store

a) “fault data” from a line or equipment trip for abnormal conditions, or

b) “disturbance data” for power system performance swings or deviations outside of a
predefined operating range (frequency, voltage, current, power, transients, etc.).

Digital fault recorders (DFR) are capable of producing date and time stamped fault records,
consisting of instantaneous values of power system quantities collected many times per cycle,
for a specific period of time. In general, DFR’s are continuously monitoring devices that use
triggering methods to capture, over a period of several cycles, specific system events, such as
line trips for fault conditions. Sequence of Events Recorders (SER) capture and time stamp
events in the sequence in which they occur. The facility owner should be responsible for
interpreting the information from SER’s due to the equipment specific and detailed nature of
these records. Typically, SER’s record the sequence of breaker operations needed for higher-
level event reconstruction and analysis. Information provided by SER’s may be obtained from
other devices such as fault recording equipment, SCADA, or other real time computer records.
Dynamic disturbance recorders (DDR) record date and time stamped incidents that portray
power system behavior during dynamic events such as low-frequency (0.1 Hz-3Hz)
oscillations and abnormal frequency, power, current, or voltage excursions. DDRs are also
commonly referred to as dynamic swing recorders (DSR).

Version 1.0 11/20/2015 92



@SPP Southwest
Power Pool

SPP Planning Criteria

8.1.1 General Minimum Technical Requirements

Disturbance Monitoring Equipment, as a minimum, must be capable of producing time stamped
event records (some pre-fault and some post-fault data) including waveforms for voltages and
currents as well as power circuit breaker position indications. All DME including DFRs, SERs,
and DDRs as required in 8.1.2 shall be synchronized to within 2 milliseconds or less of Universal
Coordinated Time scale (UTC). Recorded data from each disturbance shall be retrievable for at
least ten calendar days per PRC-018-1, R1-2. The Disturbance data reporting after 5-1-2007 shall
be in a format which is capable of being viewed, read and analyzed with a generic Common
Format for Transient Data Exchange for Power Systems (COMTRADE) or its successor
standard. Per PRC-002-1, new DME required per 8.1.2 shall include naming of data files in
conformance with the IEEE C37.232 Recommended Practice for Naming Time Sequence Data
Files effective 6 months after IEEE C37.232 is approved.

Disturbance Monitoring Equipment will also be required to meet the NERC PRC-002-1 and
PRC-018-1 Reliability Standards.

8.1.1.1 DFR Minium Technical Requirements

DFRs as required in 8.1.2 shall be capable of recording at least 5 events of not less than 30
cycles in duration with a sampling rate of not less than 64 samples per cycle. Event data shall be
retrievable within a period of not less than 72 hours. A minimum of three (3) cycles of
predisturbance data shall be recorded with each event. Disturbance records shall be continuous
until the system returns to a non-faulted condition, or the 30 cycle minimum record duration has
been reached. DFRs shall record, at a minimum, the quantities listed below in a single recording
system. This single recording system shall be capable of and configured to simultaneously
capture and time synchronize all required quantities at a substation for each event in a single
record.

1) One set of voltages for each operating voltage at 100 KV and above in a substation. A set
of voltages shall consist of each phase voltage waveform. If potential devices are not
required for protection or metering purposes at a particular voltage level, then this
particular voltage level need not be monitored.

2) For all lines, operating at 100KV and above either three phase current waveforms or two
phase current waveforms and neutral (residual) current waveform.
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3) For all autotransformers, current waveform for three phases and either neutral/residual
current waveform or current waveform in delta windings.

4) Status — circuit breaker trip circuit energization for all breakers operating at 100KV and
above.

5) Status — carrier transmit/receive if carrier relaying is used for all lines operating at 100KV
and above.

6) Date and time stamp.

7) For equipment installed after 1-1-2007, frequency, MW and MVARS shall be recorded
and displayed or be able to be derived from collected information, using industry
standard software. Sampling rate minimum for this data shall be one sample per cycle.

8) For equipment installed after 5-1-2007, polarizing currents and voltages, if used, on lines
operating at 100KV and above.

8.1.1.2  SOE/SER Minimum Technical Requirements

SER’s, as required in 8.1.2, as a minimum, must be capable of producing time stamped power
circuit breaker position indications. Sequence of Events Recorders may not be required as long
as an appropriate monitoring device provides breaker indication and meets the general technical
requirements in 8.1.1.

8.1.2 DDR Minium Technical Requirements

DDRs as required in 8.1.2 shall be capable of recording 960 samples per second and shall record
the true RMS value of electrical quantities at a rate of at least 6 records per second. For DDR’s
installed after January 1, 2009 continuous recording shall be required. DDRs shall be capable of
recording electrical quantities for each monitored element sufficient to determine and display
voltage, current, frequency, megawatts and megavars. DDRs shall record, at a minimum, the
quantities listed below:

1) One set of voltage and current for each line operated at 100kV and above. A set shall
consist of phase to neutral voltage and the corresponding phase line current.

2) One set of voltage and current for each auto-transformer with a secondary voltage
operated at 100kV and above. A set shall consist of phase to neutral voltage and the
corresponding phase line current.
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3) Date and time stamp.

4) Frequency, MW and MVARS shall be recorded and displayed or be able to be derived
from collected information, using industry standard software.

8.1.3 Required Location for Disturbance Monitoring Equipment

DFR and SER capabilities are required at all new EHV substations, operated at 345kV or higher,
and all new generating stations of 400 MV A or greater placed in service after January 1, 2002. In
addition, any new substation placed in service after January 1, 2002 containing six (6) or more
lines operating at 100 KV and above will be required to have DFR, and SER capabilities.
However, when additional lines placed in service after January 1, 2002 are added to an existing
substation that results in six (6) or more total lines, then DFRs and SERs shall be required for
monitoring all elements within the substation as defined in 8.1.1.1 and 8.1.1.2. These
requirements may be waived at SPP’s discretion, if a DFR is already located at an adjacent
substation.

DDR capabilities are required at all new EHV substations, operated at 345kV or higher, and all
new generating stations of 400 MVA or greater placed in service after January 1, 2008. In
addition, any new substation placed in service after January 1, 2008 containing six (6) or more
lines operating at 100 KV and above will be required to have DDR capabilities. However, when
additional lines placed in service after January 1, 2008 are added to an existing substation that
results in six (6) or more total lines, then DDR shall be required for monitoring all elements
within the substation as defined in 8.1.1.3 These requirements may be waived at SPP’s
discretion.

The number, type and location of disturbance monitoring equipment will normally be the
responsibility of the facility owners based on recommendations by the owners’ studies and this
criteria. Information about installations will be provided by the facility owners to the SPP in
accordance with NERC Standards and maintained in a database by the SPP staff for a period of
at least three (3) years. The SPP System Protection and Control Working Group (SPCWG) shall
monitor this database. The Transmission Working Group and Operating Reliability Working
Group will review the database to recommend that equipment with adequate capabilities --
including digital fault recorders and dynamic disturbance recorders --be installed at critical
locations throughout the system as determined in power flow and dynamic stability studies.
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8.1.4 Periodic Review of Disturbance Monitoring Equipment

SPP members shall maintain a list of substations where Disturbance Monitoring Equipment is
located for generation and transmission facilities including those designated as being critical by
the Transmission Assessment and Security Working Groups. The facility owner shall be
responsible for providing required data on a form developed by the System Protection & Control
Working Group and supplied by SPP. Required data should include type of DME, make and
model of equipment, installation location, operational status, date last tested, monitored
elements, monitored devices, and monitored electrical quantities. Each facility owner shall
provide updates to the SPP upon request. The SPP staff will maintain and update the Disturbance
Monitoring Equipment database. The Transmission Assessment and Operating Reliability
Working Groups will review the database annually for additions and changes, specifically
checking for equipment as recommended in Section 8.1.2. The SPCWG will update, if necessary,
this System Protection Equipment Criteria every three (3) years.

8.1.5 Requests for Disturbance Data and Retention Requirements

SPP shall function as a requesting agent and clearing house for the collection of data on an as
needed basis when the request is not from an SPP member. Facility owners shall provide
requested equipment lists and disturbance data within 30 business days with a copy of the
requested information forwarded to the SPP. SPP shall provide installation and reporting
requirements to other regions and NERC within five (5) business days. SPP members and NERC
staff may also formally request data from SPP members with a copy of the request forwarded to
the SPP. Such requests will be considered to be a request from SPP staff.

A narrative description of each disturbance, pursuant to the requirements of SPP Criteria 11
addressing System Disturbance Reporting, to be provided by the facility owner shall include, at a
minimum, a brief description of the event as identified on a form supplied by SPP. Additional
items that shall be included are the cause of the incident, its consequences, service interrupted,
corrective actions taken and any other additional actions that may be required beyond the point
in time when the analysis is completed to include when these actions will be completed.
Attachments shall be provided including relevant information from the DME that substantiates
the determination of cause(s) of the disturbance. This information shall include all quantities
based on the equipment requirements specified in 7.1.1, Minimum Technical Requirements.
Facility owners shall retain disturbance data for a period of not less than one (1) year in a
common format to the extent possible given the different manufacturers and types of equipment.
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Disturbance data recorded after 5-1-2007 shall be stored in a format which is capable of being
viewed, read and analyzed with a generic COMTRADE analysis tool or its successor standard.
However, the units of the data and source such as line, transformer and generator terminal shall
be clearly identifiable in a consistent, time-synchronized format.

8.2 Transmission Protection Systems

8.2.1 Introduction

The goal of transmission Protection Systems (TPS) is to ensure that faults within the intended
zone of protection are cleared as quickly as possible. When isolating an electrical fault or
protecting equipment from damage, these protection systems should be designed to remove the
least amount of equipment from the transmission network to preserve electric system integrity.
They should also not erroneously trip for faults outside the intended zones of protection or when
no fault has occurred. The need for redundancy in protection systems should be based on
anevaluation of the system consequences of the failure, misoperation of the protection system,
and the need to maintain overall system reliability. All reviews of facilities as included in
Criteria 8.2 shall be for those operated at 100kV or above.

8.2.2 Protection System Review
8.2.2.1  Assessment of System Performance

The transmission or protection system owners shall provide an assessment of the system
performance results of simulation tests of the contingencies in Table | of Standard I.A. (NERC
Planning Standard). These assessments should be based on existing protection systems and any
existing backup or redundancy protection systems to determine that existing transmission
protection schemes are sufficient to meet the system performance levels as defined in NERC
Standard I.A. and associated Table I. Therefore, the relative effects on the interconnected
transmission systems due to a failure of the protection systems to operate when required versus
an unintended operation should be weighed carefully in selecting design parameters. All
noncompliance findings shall be documented including a plan for achieving compliance. These
assessments should be provided to NERC, SPP, and those entities responsible for the reliability
of the interconnected transmission systems within 30 days of the request.
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8.2.2.2 Reviews of Components and Systems

The owner shall conduct periodic reviews of the components and systems that make up the
transmission protection system to assure that components and systems function as desired to
minimize outages. All non-compliance findings, as a result of this review, shall be documented
including a plan for achieving compliance. These reviews are to be completed as system changes
dictate, or more frequently as needed based on misoperations as identified in Criteria 8.2.4. The
reviews should include, but not be limited to, the following items:

1) Review of relay settings.

2) Current carrying capability of all components (Lines, CTs, breakers, switches, etc.).
3) Interrupting capability of all components (breakers, switches, fuses, etc.).

4) Breaker failure and transfer trip schemes.

5) Communications systems used in protection.

Models used for determining protection settings should take into account significant mutual and
zero sequence impedances. The design of protection systems, both in terms of circuitry and
physical arrangement, should facilitate periodic testing and maintenance. Generation
andtransmission protection systems should avoid tripping for stable power swings on the
interconnected transmission systems. Automatic reclosing or single-pole switching of
transmission lines should be used where studies indicate enhanced system stability margins are
necessary. However, the possible effects on the systems of reclosure into a permanent fault need
to be considered. Protection system applications and settings should not normally limit
transmission use. Application of zone 3 relays with settings overly sensitive to overload or
depressed voltage conditions should be avoided where possible. Communications systems used
in protection should be either continuously monitored or alarmed, or automatically or manually
tested.

8.2.3 System Redundancy

Transmission Protection Systems shall provide redundancy such that no single protection system
component failure would prevent the interconnected transmission systems from meeting the
system performance requirements of the I.A. Standards on Transmission Systems and associated
Table I (NERC). Each Transmission or Protection System Provider shall develop a plan for
reviewing the need for redundancy in its existing transmission protection systems and for
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implementing any required redundancy. Documentation of the protection system redundancy
reviews shall be provided to NERC, SPP, and those entities responsible for the reliability of the
interconnected transmission systems, on request. Where redundancy in the protection systems
(due to single protection system component failures) is necessary to meet the system
performance requirements (of the I.A. Standards on Transmission Systems and associated Table
), the transmission or protection system owners shall provide, as a minimum, separate ac current
inputs and separately fused dc control voltage with new or upgraded protection system
installations. Breaker failure protections need not be duplicated. Breaker failure protection
systems, either local or remote, should be provided and designed to remove the minimum
number of elements necessary to clear a fault while maintaining performance requirements.
Physical and electrical separation should be maintained between redundant protection systems,
where practical, to reduce the possibility of both systems being disabled by a single event or
condition. When two independent protection systems are required, dual circuit breaker trip coils
should be considered. Where each of two protection systems are protecting the same facility, the
equipment and communications channel for eachsystem should be separated physically and
designed to minimize the risk of both protection systems being disabled simultaneously by a
single event or condition.

8.2.4 Monitoring, Analysis and Notification of Misoperations

Each Transmission or protection system owner shall have a process in place for the monitoring,
notification, and analysis of all transmission protection trip operations. Any of the following
events constitute a reportable TPS misoperation:

1) Failure to trip — Any failure of a Protection System element to operate when a fault or
abnormal condition occurs within a zone of protection. (Note: Lack of targeting, such as
when a high-speed pilot system is beat out by a high-speed zone, is not a reportable
misoperation. If a fault or abnormal condition is cleared in the time normally expected
with proper functioning of at least one Protection System, failure of a Protection System
element is not a reportable misoperation.)

2) Slow Trip — Any failure of a Protection System element that is slower than planned to
operate when a fault or abnormal condition occurs within the zone of protection. (Note:
Delayed Fault Clearing, where a high-speed system is employed but is not essential for
transmission system performance, is not a reportable misoperation.)
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3) Unnecessary Trip During a Fault — Any unnecessary Protection System operation for a
fault not within the zone of protection. An example of this type of Misoperation is an
over-trip due to lack of coordination between Protection Systems. (Note: Operation as
properly coordinated backup protection for a fault in an adjacent zone that is not cleared
within the specified time for the protection for that adjacent zone is not a reportable
Misoperation.)

4) Unnecessary Trip Other Than Fault — Any unnecessary Protection System operation
when no fault or other abnormal condition has occurred. (Note that an operation that
occurs during on-site maintenance, testing, construction and/or commissioning activities
is not a reportable Misoperation.)

Misoperations at lower voltages that cause an outage of a transmission component, operated at
100kV or higher, shall be reported. An operation of a TPS that only has an effect on a
nontransmission component operated at less than 100kV need not be reported. Documentation of
all protection trip misoperations shall be provided to SPP and NERC within five (5) business
days of the request. Each facility owner shall document that it has fully complied with its process
for monitoring, notification, and analysis of all TPS trip operations. It shall also provide
consistent documentation of all TPS trip misoperations, indicating the cause and those corrective
actions that have been or will be taken. The facility owner will be responsible for providing
documentation of misoperations on a form supplied by SPP. When requested, supporting
documentation shall be provided to SPP and include all fault and sequence of events data
relevant to the cause of the misoperation. The facility owner shall maintain the documentation of
all operations for a minimum of one (1) year. The facility owner’s processes should include
items such as:

1) Uniform format to the extent possible.
2) Content guidelines.

3) Requirements for periodic review.

4) Requirements for updating data.

5) Procedures for analysis of all trip misoperations.
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8.2.5 Transmission Protection System Maintenance and Testing Programs

Facility owners shall have a protection system maintenance and testing program in place. The
facility owner shall demonstrate full compliance to the program for protection system
maintenance and testing and that all required activities have been completed on schedule. The
program shall be maintained and documented. The facility owner will be responsible for
maintaining and providing required data for each facility. Each facility owner will provide
updates to SPP or NERC within 30 days of a request. Each facility owner shall periodically test
the protection system components and system on a frequency as needed to assure that the system
is functional and correct. Protection System component maintenance and testing shall be done
based on the manufacturers’ recommendation or, if less frequent, to maintain reliable operation.
A facility owner that tests on a less frequent basis than the manufacturer’s recommendation shall
provide written justification for such a change, if requested by SPP or NERC. For newer TPS
with self-monitoring, having SCADA reporting for a TPS failure, and with successful
downloading or viewing of data following operations, then such activity and application shall
satisfy the testing and maintenanceprocedure requirements. The facility owner shall maintain the
documentation of all maintenance and tests records for one test period. Protection systems and
their associated maintenance and testing procedures should be designed to minimize the
likelihood of personnel error, such as incorrect operation or inadvertent disabling. Protection and
control systems shall be functionally tested when initially placed in service, when modifications
are made, and at a frequency of no less than five (5) years to verify the dependability and
security aspects of the design. The maintenance and testing program of the protection system
should include provisions for relay calibration, functional trip testing, communications system
testing, and breaker trip testing. All maintenance and testing shall be documented as described
below:

1) Transmission protection system identification.
2) Summary of testing procedures.

3) Frequency of testing.

4) Date last tested.

5) Results of last testing.
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8.2.6 Requests for Transmission Protection System Data

SPP shall function as a requesting agent and clearinghouse for the collection of TPS data on an
as-needed basis. Facility owners should provide the requested data within thirty (30) days with a
copy of the requested information forwarded to the SPP. If a facility owner cannot provide the
requested data within this specified time frame, SPP shall be notified of the delay and the
anticipated date of forwarding the requested data. SPP members and NERC staff may also
formally request data from SPP members with a copy of the request forwarded to the SPP. Such
requests will be considered to be a request from SPP staff.

8.2.7 Transmission Prtection Systems Criteria Updates

The SPCWG will update, if necessary, this transmission Protection Systems Criteria every three
(3) years.

8.3 Under-Frequency Load Shedding and Restoration

8.3.1 Automatic Load Shedding

A major disturbance among the interconnected bulk electric system may result in certain areas
becoming isolated and experiencing abnormally low frequency and voltage levels. The areas of
separation are unpredictable. To provide load relief and minimize the probability of
networkcollapse the following practices are established. For more details refer to SPP UFLS Plan
and NERC PRC-006-1.

8.3.1.1  Operating Reserve

All SPP operating reserve shall be utilized before resorting to shedding firm load. During a
period of declining frequency, there may be violent swings of both real and reactive power. For
this reason, all generator governors and voltage regulators shall be kept in automatic service as
much as practical.

8.3.1.2  Operating Principles

To realize the maximum benefit from a load shedding program the points at which the load is
shed in a company area shall be widely dispersed. This can be accomplished at the sub-
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transmission and distribution voltage level where the types of load and the increments of load to
be shed can be selected.

The time interval involved in shedding load is of extreme importance. System operators cannot
and shall not be required to manually shed load during a period of rapidly declining frequency.
The only practical way to remove load from a member in an attempt to stabilize the frequency is
to do so automatically by the use of under-frequency relays. Since a geographical area or the
timing of a period of low frequency cannot be predicted, all of the designated underfrequency
relays on a member system shall be in service at all times. Underfrequency relays shall not be
installed on transmission interconnections unless considered necessary and has been mutually
agreed upon between the members involved.

8.3.1.3  Requirements for Testing and Maintenance Procedures

Each facility owner shall have a documented maintenance program in place to test or the means
(i.e. self-testing microprocessor relays) to periodically check the functionality and availability of
the UFLS equipment in service. These tests shall be done based on the manufacturers’
recommendation or, if less frequent, to maintain reliable operation. A facility owner that tests on
a less frequent basis than the manufacturer’s recommendation shall provide written justification
for such a change, if requested by SPP or NERC. The facility owner will be responsible for
maintaining and providing required maintenance data for its facilities for a minimum of three (3)
years. Each facility owner will provide updates to the SPP or NERC upon request.

8.3.14 Restoration

After the frequency has stabilized the following procedure shall be followed:

1) In the event the frequency stabilized below 60 Hz, system operators shall coordinate
operations to utilize all available generating capacity to the maximum extent possible in
order to restore the frequency to 60 Hz. Deficient systems shall continue to shed load
until the frequency can be restored to normal.

2) At 60 Hz the isolated areas shall be synchronized with the remainder of the
interconnected systems. Synchronization between individual members shall be performed
only upon direct orders of the system operators of both companies involved.

3) System operators shall coordinate load restoration as generating capability, voltage levels
and tie-line loadings allow.
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4) Any shed load shall be restored only upon direct orders of the system operator. Extreme
care shall be exercised as to the rate at which load is restored to the system in order that
limits of generation and transmission line loading are not exceeded. Insofar as possible,
supervisory control shall be used to restore load; otherwise, manual restoration is
preferable to insure positive control by the system operators.

5) It is recommended that a restoration plan be furnished by each company for use by its
system operators for implementation of a coordinated and successful recovery.

8.3.2 Manual Load Shedding

A situation can arise when a control area must reduce load even though the frequency is normal.
Since an automatic load shedding program will be of no avail in this case, manual load shedding
procedures shall be utilized. One of the basic principles of interconnected operation is that a
control area will match the area generation to area load at 60 Hz at all times. Should a generation
deficiency develop for any reason, arrangements shall be made with adjacent control areas to
cover the deficiency; but failing this, the affected control area shall reduce the area load until the
available generation is sufficient to match it. In some cases a generation deficiency can be
foreseen and will develop gradually; whereas, in other cases the deficiency will develop
immediately with no forewarning. A gradually developing deficiency can probably be offset by
using conservation procedures; whereas, an immediate deficiency will probably require customer
service interruption. The importance of a load reduction plan cannot be overemphasized. A plan
is offered here which can be modified to fit individual cases.

8.3.2.1 Conservation
1) Interruption of service to interruptible customers. Utilize to the extent that the situation
requires.
2) Reduction of load in company facilities.

3) Reduction of distribution voltage level. Utilize to the extent possible and as the situation
requires.

4) Load reduction by request to company employees and general public. The company
employees and the general public shall be notified through news media to curtail the use
of electricity.
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5)

6)

8.3.2.2

Load reduction by request to bulk power users. Concurrent with voltage reduction and
asking employees and the general public to reduce load, bulk power users (municipals
and cooperatives) will be asked to reduce load in their areas using the same methods.

Load reduction by large use customers. Large use commercial and industrial customers
will be requested to curtail electric power usage where such curtailment will not seriously
disrupt customers' operations.

Service Interruption

Manual load interruption shall be implemented by a pre-determined plan, an example of which
follows.

1)

2)

3)

Each company operating subdivision shall select distribution circuits in approximately
5% increments in the order of their priority that will be taken out of service. The 5%
increments will be labeled "A", "B", "C", "D", "E", and "F". The interruption and the
restoration of these circuits will be under the control of the system operator. When the
system operator determines that load must be reduced, he shall direct the subdivision
operators to open all "A" circuits. This will reduce the system load 5%. If further load
reduction is necessary, the system operator shall direct all "B" circuits to be opened
which will result in an additional 5% reduction. This shall continue through "C", "D",
"E", and "F" until the generation deficiency is eliminated.

The objective of this plan is to have no circuits open more than two hours. If the duration
of the system emergency exists in excess of two hours and only the "A" circuits have
been opened, then at the end of two hours the "B" circuits shall be opened and the "A"
circuits reclosed. If a 10% reduction is necessary, "C" and "D" circuits shall be opened
and "A" and "B" reclosed, after "A" and "B" have been open for two hours. Obviously,
no circuits shall be open longer than is absolutely necessary. The "E" and "F" circuits
shall be opened to avoid opening "A™ and "B" circuits twice in one day.

When a generation deficiency develops, or begins to develop, the system operator shall
alert all involved operating personnel to the effect that certain circuits may have to be
interrupted. This action will reduce the time required to execute circuit interruption
orders of the system operator. Some control areas in SPP have extensive supervisory
control systems while others have little, if any, supervisory control. Obviously, any
implementation plan shall make best use of available equipment.
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8.4 Special Protection Systems Equipment

A Special Protection Systems (SPS) or Remedial Action Scheme (RAS) is designed to detect
abnormal system conditions and take automatic pre-planned, coordinated, corrective action
(other than the isolation of faulted elements) to provide acceptable system performance. SPS
actions include among others, changes in demand (e.g., load shedding), generation, or system
configuration to maintain system stability, acceptable voltages, or acceptable facility loadings.
All reviews of facilities as included in Criteria 8.4 shall be for those used to monitor and control
transmission facilities operated at 100kV or above. The SPS design shall not create cascading
transmission outages or system instability. One possible SPS may be the automatic and
sequential dropping of load, generation, or adjacent high voltage (HV) lines, if a HV line trips. A
SPS does not include (a) underfrequency load shedding or undervoltage load shedding as they
are addressed under NERC Planning Standards I111.D, SPP Planning Criteria section 8.3, and I11.E
or (b) fault conditions that must be isolated or (c) out-ofstep relaying. The SPS shall not require
operator action, and all actions of the SPS are automatic. SPS shall be automatically armed
without human intervention when appropriate. The status indication of any automatic or manual
arming of SPS shall be provided as SCADA alarm inputs.

8.4.1 Operating Requirements and System Redundancy

Special Protection Systems shall include redundancy such that no single protection system
component failure would prevent the interconnected transmission systems from meeting the
system performance requirements of NERC I.A. Standards on Transmission Systems in
Categories A, B or C of the associated Table I. Each facility owner shall develop a plan for
reviewing the need for redundancy in its existing special protection systems and for
implementing any required redundancy. Documentation of these reviews shall be provided to
NERC, SPP, and those entities responsible for the reliability of the interconnected transmission
systems, on request. Also, the misoperation, incorrect operation, or unintended operation of an
SPS when considered by itself and not in combination with any other system contingency shall
meet the system performance requirements as defined under Category C of Table | of the NERC
I.A Standards on transmission systems.

8.4.2 Location and Data Reporting for Special Protection Systems Equipment

The number, type and location of SPS equipment will normally be the responsibility of the
facility owners based on recommendations by the owners’ and SPP’s studies. Information about
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installations will be provided by the facility owners to the SPP in accordance with NERC
Standards and maintained in databases by the SPP staff for a period of at least five (5) years.
These databases shall be monitored as necessary by the SPP System Protection and Control
Working Group (SPCWG). The Transmission Assessment Working Group and Operating
Reliability Working Group will review the databases and recommend that equipment with
adequate capabilities be installed at critical locations throughout the system as determined in
power flow and dynamic stability studies. The specific data that is required in SPP’s circuit
analysis models shall be maintained and submitted to SPP by the facility owners or their
designated representatives on an annual basis or as otherwise required. This data shall represent
the designed functionality of the system. Documentation by facility owners for each SPS utilized
shall include details on its design, its operation, its control, its functional testing, and
coordination with other schemes that are part of or impact the SPS.

8.4.3 Testing and Maintenance Procedures

Each facility owner shall have a documented maintenance program in place to test or the means
to periodically check the functionality of the SPS equipment in service. Component testing and
maintenance shall be done based on the manufacturers’ recommendation or, if less frequent, to
maintain reliable operation. A facility owner that tests and maintains on a less frequent basis than
the manufacturer’s recommendation shall provide written justification for such a change, if
requested by SPP or NERC. The facility owner will be responsible for maintaining and providing
required maintenance data for its facilities for one testing period. SPS shall be functionally tested
when initially placed in service, when modifications are made, and at a frequency of no less than
five (5) years to verify the dependability and security aspects of the design. Each facility owner
will provide updates to the SPP or NERC upon request.

8.4.4 Periodic Review of Special Protection Systems Equipment

SPP members shall maintain a list of substations where SPS equipment is located for all areas
including those designated as being critical by the Transmission Assessment and Operating
Reliability Working Groups. The facility owner will be responsible for providing required data
on forms developed by the SPCWG and supplied by SPP. Each facility owner will provide
updates to the SPP as requested. The SPP staff will maintain and update the SPS equipment
database. The Transmission Assessment and Operating Reliability Working Groups will review
the database annually for additions and changes, specifically checking for equipment as

Version 1.0 11/20/2015 107



@SPP Southwest
Power Pool

SPP Planning Criteria

recommended in Section 8.4.2. The SPCWG will update, if necessary, this SPS Criteria every
three (3) years. Based upon (a) a five year interval or other interval as required by electric system
changes, or (b) if a new SPS, or (c) if a modified SPS, each facility owner will review and
document their SPS for compliance with Regional planning criteria and guides, and the NERC
Planning Standard I.A including the associated Table I. This review shall include system studies
to evaluate the consequences of:

1) the proper operation of the SPS,
2) the failure of an SPS to operate due to a single component failure of the SPS, and

3) the misoperation, incorrect operation, or the unintended operation of an SPS when
considered by itself without any other system contingency.

These consequences shall not include cascading transmission outages or system instability.
These studies shall include the date that they were performed, who performed them, the
methodology of the study, the results of the study, and when the next study is anticipated.

8.4.5 Requests for Special Protection Systems Data

SPP shall function as a requesting agent and clearing house for the collection of SPS data on an
as-needed basis. Facility owners should provide the requested data within thirty (30) days with a
copy of the requested information forwarded to the SPP. If a facility owner cannot provide the
requested data within this specified time frame, SPP shall be notified of the delay and the
anticipated date of forwarding the requested data. SPP members and NERC staff may also
formally request data from SPP members with a copy of the request forwarded to the SPP. Such
requests will be considered to be a request from SPP staff.

8.4.6 Submittals of Special Protection Systems Misoperations

All misoperations of a SPS shall be reported to the SPP within five (5) business days after receipt
of the request, or as soon as possible thereafter. Any of the following events constitute a
reportable SPS misoperation:

1) Failure to Operate — Any failure of a SPS to perform its intended function within the
designated time when system conditions intended to trigger the SPS occur.

2) Failure to Arm — Any failure of a SPS to automatically arm itself for system conditions
that are intended to result in the SPS being automatically armed.
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3) Unnecessary Operation — Any failure of a SPS that occurs without the occurrence of the
intended system trigger condition(s) including human error.

4) Unnecessary Arming — Any automatic arming of a SPS that occurs without the
occurrence of the intended arming system condition(s).

5) Failure to Reset — Any failure of a SPS to automatically reset following a return of
normal system conditions if that is the design intent.

Misoperations at lower voltages that cause an operation of a SPS, in systems 100kV or higher,
shall be reported. A detailed analysis of the misoperation, its consequences, and the corrective
actions taken to prevent a reoccurrence will be reported to the SPP within thirty (30) days. SPP
shall be notified of any delay and the anticipated date of forwarding the required data. This
analysis to be provided by the facility owner shall include, at a minimum, the description of
facility as identified on a form, developed by the SPCWG and supplied by SPP, including a
complete summary report of the misoperation, its consequences, corrective actions taken, and
any other additional actions that may be required beyond the point in time when the analysis is
completed to include when these actions will be completed. The analysis and corrective actions
shall be reviewed by the SPCWG. If these reported corrective actions are deemed inadequate,
then the corrective actions that SPP recommends shall be completed as soon as possible subject
to equipment availability.

8.4.7 Submittals for New, Modified, (including Removal) or Renewed Special
Protection Systems

The owner of the SPS shall notify SPP of its intent to construct a new, modified, or renewed SPS
with sufficient lead time to allow for an orderly review by SPP’s working groups and
committees. This notification will include statements on whether misoperation or failure of the
SPS would have local, inter-company, inter-area or interregional consequences, when the SPS is
planned for service, how long it is expected to remain in service, what specific contingency(s) it
is designed to operate for and whether the SPS will be designed according to all SPP operating
requirements of the bulk transmission system and NERC Standards. For a new or modified SPS
prior to construction of facilities, one (1) electronic version in legible format and three (3) hard
copies of all applicable studies supporting the design requirements of the SPS including a
complete set of electrical design specifications, drawings and operating plans shall be submitted
to the SPP with this notification. The drawings shall include a geographical map, a one-line
diagram of all affected areas, and the associated protection and control function diagrams. The
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documentation of the proposed system will include any special conditions or design restrictions
that exist in the proposed system. For renewed SPS prior to the expiration date, the facility owner
shall supply all the above information plus any changes in the original coordination studies,
operation history, maintenance history, and any change in the original coordination with other
schemes that are part of or impact the SPS. The System Protection and Control, Transmission
and Operating Reliability Working Groups will assess the SPS’s conformance with all SPP
operating requirements of the bulk transmission system and NERC Standards. If necessary, the
working groups will request that the facility owner conduct additional studies and provide
additional details of design specifications, drawings and operating plans. The results of such
compliance review shall be documented with all recommendations that are deemed appropriate
by the SPP and forwarded to the requesting party normally within 120 days from the date of
request. The recommendations of SPP shall be completely incorporated into the design of the
SPS.

A presentation will be made to appropriate working groups when a facility owner deviates from
any of the SPP operating requirements of the bulk transmission system and NERC Standards as
well as when a member system is in doubt as to whether the design meets these requirements.
The facility owner shall arrange for the technical presentation by advising SPP approximately
four months prior to the presentation and by providing copies of the materials to be presented 30
days prior for new or modified SPS. The facility owner will advise appropriate working groups
of the basic design of the proposed system and include a geographical map, a one-line diagram
of all affected areas, and the associated protection and control function diagrams. The proposed
system should be explained with due emphasis on any special conditions or design restrictions
that exist in the proposed system. A presentation will also be made to appropriate working
groups relating to new facilities or a modification to an existing facility when requested by either
a member system or a working group.

8.5 Undervoltage Load Shedding

One characteristic of electric systems that experience heavy loadings on transmission facilities
with relatively limited reactive power control is the susceptibility to voltage instability. Such
instability can cause tripping of generation and transmission facilities resulting in loss of
customer demand as well as collapse of the bulk transmission system. A major disturbance
among the interconnected bulk electric systems may result in certain areas becoming isolated and
experiencing abnormally low frequency and voltage levels. Since voltage collapse can occur
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rapidly, operators may not have sufficient time to stabilize the systems. Therefore, a load-
shedding scheme that is automatically activated as a result of undervoltage conditions in portions
of a system can be an effective means to stabilize the interconnected systems and mitigate the
effects of a voltage collapse

8.5.1 Program Participants

Facility Owners who determine it beneficial to install undervoltage load shedding (UVLS)
equipment may do so. However, UVLS schemes must coordinate with all protection and
underfrequency load shedding schemes for the reliable operation of facilities operated at 100kV
and above. Also, members are not required to install such equipment unless deemed necessary by
either SPP or NERC to ensure the reliability of bulk transmission systems.

8.5.2 Operating Reserve and Principles

All SPP operating reserve shall be utilized before resorting to shedding firm load. All generator
governors and voltage regulators shall be kept in automatic service as much as practical so that
generating units may be used to their maximum capability for supplying voltage support during
disturbances.

1) To realize the maximum benefit from a load shedding program, the points at which the
load is shed in a company area should be widely dispersed. This can be accomplished at
the sub-transmission and distribution voltage level where the types of load and the
increments of load to be shed can be selected.

2) The time interval involved in shedding load is of extreme importance. System operators
cannot and shall not be required to manually shed load during a period of rapidly
declining voltage. One practical way to remove load from a member in an attempt to
stabilize the voltage is to do so automatically by the use of undervoltage relays. All of the
designated undervoltage relays on a member system shall be in service at all times.
Undervoltage relays shall not be installed on transmission interconnections unless
considered necessary and has been mutually agreed upon between the members involved.

3) Loads may be shed in multiple steps. Whatever actions are planned or implemented by
one member, including actions other than load shedding, shall be coordinated with
neighboring members and SPP. AIll UVLS programs shall coordinate with
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underfrequency load shedding requirements of other members and SPP to maintain the
reliability of the bulk transmission system operated at 100kV and above.

4) Should the utilization of various assets, such as responsive voltage-supporting resources,
generation, capacitors and static var systems, fail to stop a voltage decline, load shedding
shall be initiated as determined by the member of which is conditional upon the regional
requirements of SPP. The relays used to accomplish load shedding shall be high speed
with the necessary external intentional time delay devices employed to eliminate
nuisance trips during faults, reclosing delays, etc.

8.5.3 Location and Data Reporting

The determination of the number, type and location of UVLS equipment will normally be the
responsibility of the facility owners based on recommendations by the owners’ or SPP’s studies.
Facility owners shall provide information about these installations to the SPP in accordance with
NERC Standards within five (5) business days upon receipt of the request. This information will
be maintained in databases by the SPP staff for a period of at least three (3) years. The SPP
System Protection and Control Working Group (SPCWG) shall monitor these databases as
necessary. The Transmission Assessment Working Group and Operating Reliability Working
Group will review the databases and recommend that equipment with adequate capabilities be
installed at critical locations throughout the system as determined in power flow and dynamic
stability studies.

The specific data that is required in SPP’s circuit analysis models shall be maintained and
submitted to SPP by the facility owners or their designated representatives on an annual basis or
as otherwise required. This data shall include, but not be limited to, type of equipment, location,
breaker, trip voltages, amount of load shed by trip voltage, relay and breaker operating times,
and any intentional delay of breaker clearing. Also required will be any related generation
protection, tie tripping schemes, islanding schemes, or any other schemes that are part of or
impact the UVLS programs.

8.5.4 Monitoring, Analysis and Notification of Misoperations

Each facility owner shall have a process in place for the monitoring, notification, and analysis of
all UVLS trip operations. Any of the following constitute a reportable UVLS misoperation:
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1) Failure to trip — Any failure of UVLS equipment to initiate a trip to the appropriate
terminal when a voltage level is less than or equal to a low-voltage set point.

2) Slow Trip — A correct operation of UVLS equipment for a low-voltage condition where
the relay system initiates tripping slower than the system design intends.

3) Unnecessary Trip With Acceptable Voltage — Any relay initiated operation of a circuit
breaker when the voltage is within acceptable limits.

4) Unnecessary Trip Within Period Of Time Delay — Any relay initiated operation of a
circuit breaker before an intended time delay has expired.

5) Unnecessary Trip, Other— The unintentional operation of a UVLS scheme which causes a
circuit breaker to trip when no low-voltage condition is present. This may be due to
vibration, improper settings, load swing, faulty relay, or human error.

Misoperations at lower voltages that cause an outage of a transmission component, operated at
100kV or higher, shall be reported. Documentation of all misoperations shall be provided to SPP
and NERC within thirty (30) business days of the request. Each facility owner shall document
that it has fully complied with its process for monitoring, notification, and analysis of all trip
operations. It shall also provide consistent documentation of all trip misoperations, indicating the
cause and those corrective actions that have been or will be taken. The facility owner will be
responsible for providing documentation of misoperations on a form, developed by the SPCWG
and supplied by SPP, with applicable attachments. These attachments shall include all voltage
and sequence of events data relevant to the cause of the misoperation of which is the basis for the
documentation.

The facility owner shall maintain the documentation of all operations for a minimum of one (1)
year. The facility owner’s processes should include items such as:

1) Uniform format to the extent possible.
2) Content guidelines.

3) Requirements for periodic review.

4) Requirements for updating data.

5) Procedures for analysis of all trip misoperations.
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8.5.5 Testing and Maintenance Procedures

Each facility owner shall have a documented maintenance program in place to test or the means
(i.e. self-testing microprocessor relays) to periodically check the functionality and availability of
the UVLS equipment in service. These tests shall be done based on the manufacturers’
recommendation or, if less frequent, to maintain reliable operation. A facility owner that tests on
a less frequent basis than the manufacturer’s recommendation shall provide written justification
for such a change, if requested by SPP or NERC. The facility owner will be responsible for
maintaining and providing required maintenance data for its facilities for a minimum of three (3)
years. Each facility owner will provide updates to the SPP or NERC upon request.

8.5.6 Periodic Review of Undervoltage Load Shedding Equipment

SPP members shall maintain a list of substations where UVLS equipment is located for all areas
including those designated as being critical by the Transmission Assessment and Operating
Reliability Working Groups. The facility owner will be responsible for providing required data
on forms developed by the System Protection & Control Working Group and supplied by SPP.
Each facility owner will provide updates to the SPP as requested. The SPP staff will maintain
and update the UVLS equipment database. The Transmission Assessment and Operating
Reliability Working Groups will review the database annually for additions and changes,
specifically checking for equipment as recommended in Section 8.5.3. The SPCWG will update,
if necessary, this UVLS Criteria every three (3) years.

8.5.7 Requests for Undervoltag Load Shedding Data

SPP shall function as a requesting agent and clearing house for the collection of data on an as
needed basis when the request is not from an SPP member. Facility Owners shall provide
program information including equipment data within five (5) business days upon receipt of a
request with a copy of the requested information forwarded to the SPP. Facility owners shall also
provide documentation, within thirty (30) business days upon receipt of a request, relating to 1)
all misoperations within the requested time frame, 2) an implemented maintenance program, and
3) an applicable technical assessment. SPP shall provide program information including
equipment data to NERC within thirty (30) business days upon receipt of a request. SPP
members and NERC staff may also formally request data from SPP members with a copy of the
request forwarded to the SPP. Such requests will be considered to be a request from SPP staff.
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8.5.8 Coordination of Undervoltage Load Shedding Programs

The facility owners and operators of an UVLS program shall ensure that their programs are
consistent with Regional UVLS program requirements including automatically shedding load in
the amounts and at the locations, voltages, rates and times consistent with those Regional
requirements. When an undervoltage event occurs which is below the initializing set points of
their UVLS programs, the owners or operators shall analyze and document the event.
Documentation of the analysis shall be provided to SPP and NERC on request in the time frames
established in 8.5.7.

8.6 Automatic Load Shedding

Following a disturbance when the frequency and voltage have stabilized, properly coordinated
and implemented programs for the automatic restoration of load can be useful to minimize the
duration of interrupted electric service. However, the design of such plans must ensure that the
automatic restoration of load does not impede the restoration of the interconnected bulk electric
facilities operated at 100kV or higher. After the automatic shedding of load by either
underfrequency or undervoltage relaying schemes has occurred, the interconnected bulk electric
facilities must first be stabilized with regard to both nominal frequency and voltage within
appropriate limits prior to arming an automatic restoration of load system. Also, sufficient
spinning reserves must be available such that the recreation of an underfrequency or
undervoltage condition does not occur when electric service is restored. Then automatic load
restoration programs can be used to effectively expedite the restoration of electric service to
accommodate customer demands.

8.6.1 Program Participants

Facility Owners who determine it beneficial to install equipment for the automatic restoration of
load (ARL) may do so. However, ARL schemes must coordinate with all protection as well as
underfrequency (UFLS) and undervoltage load shedding (UVLS) schemes for the reliable
operation of facilities operated at 100kV and above while not overloading any of these facilities.
Also, members who install such equipment shall meet all requirements of SPP and NERC to
ensure that the reliability of bulk transmission systems is maintained.
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8.6.2 Operating Reserve and Principles

Available spinning reserves within SPP and each control area must be sufficient to serve the load
to be energized by ARL schemes before arming such schemes. To prevent the use of ARL
schemes when insufficient spinning reserves are available, ARL schemes shall be armed by
automatic generation control systems of which are operated by or are coordinated with the
appropriate control area(s). All generator governors and excitation equipment including voltage
regulators shall be kept in automatic service when ARL schemes are armed so that the spinning
reserve of available generating units may be used to their maximum capability for supplying real
and reactive power during restoration. Additional requirements for the application of programs
involving the automatic restoration of load are listed below.

1) Whatever actions are planned or implemented by one member involving the automatic
restoration of load shall be coordinated with other members, SPP and other Regions. All
ARL programs shall coordinate with underfrequency and undervoltage load shedding
programs as well as ARL programs of other members to maintain the reliability of the
bulk transmission system operated at 100kV and above.

2) An ARL system shall not be armed unless all pre-designated conditions are satisfied
within the control area unless a designated island or sub-area is specified. Unless
removed from service for testing and maintenance purposes, an ARL system shall be
automatically armed and remain so only when

a) indication that an UFLS or UVLS scheme has operated,

b) the governor and excitation systems of available generation are in the automatic
mode,

c) spinning reserves of available generation are greater than or equal to the real and
reactive power requirements of the pre-event load to be restored, adjusted to the
forecasted daily load curve and changes in diversity, plus incremental losses,

d) an adequate system frequency has been achieved,
e) voltages throughout the transmission system are within valid limits,
f) all intended transmission system interconnects are closed, and

g) all intended breakers including those used for islanding are closed.
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However, operators of an island or control area that has separated from the remainder of the bulk
transmission system may arm an ARL system for this specific area if

2)

3)

4)

5)

6)

a) a neighboring system(s) has not achieved or maintained an adequate frequency or
voltage levels within acceptable limits, and

b) all of the conditions specified above are met except that all intended transmission
system interconnects or islanding breakers may not be closed.

The time intervals involved in the automatic restoration of loads is of extreme
importance. The restoration of too much load at one or over time relative to the capacity
of available generating units given their dynamic characteristics may result in an unstable
system. Therefore, loads to be automatically restored over time shall not exceed the
ramping capabilities of the available generation. Also, upon being armed, ARL
equipment shall restore load in multiple blocks by design to minimize the possibility of
causing an underfrequency or undervoltage condition.

When any portion of the generation required to serve restored load is physically separated
from the load by facilities within another control area, then adequate facilities between
the generation and load with sufficient capacity to transfer the power shall be verified and
applicable breakers shall be closed before the ARL system is armed.

Only those loads interrupted by UFLS and UVLS schemes may be restored by ARL
equipment. Therefore, if either a UFLS or UVLS scheme did not interrupt a given load,
then the use of ARL equipment shall not be used to restore the load. When UVLS
equipment is used to trip loads, then the local voltage shall be within acceptable limits
before the local ARL equipment energizes the load.

The points at which the load is restored in a company area should be widely dispersed.
This can be accomplished at the sub-transmission and distribution voltage level where the
types of load and the increments of load to be restored can be selected.

Should the utilization of spinning reserve fail to adequately stabilize either frequency or
voltage in a control area or designated portion thereof after restoring service to loads, or
portions thereof, controlled by ARL equipment, the ARL equipment of said area shall be
automatically disarmed. ARL schemes shall be designed and installed to restore load only
once before being rearmed manually or by system operators via SCADA.
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8.6.3 Location and Data Reporting

The determination of the number, type and location of ARL equipment will normally be the
responsibility of the facility owners based on recommendations by the owners’ or SPP’s studies.
The technical assessments of ARL applications conducted by or on behalf of the facility owner
shall validate the coordination with underfrequency and undervoltage programs within SPP and
other Regions as necessary. Facility owners shall provide information about these installations to
the SPP in accordance with NERC Standards within five (5) business days upon receipt of the
request. This information will be maintained in databases by the SPP staff for a period of at least
three (3) years. The SPP System Protection and Control Working Group (SPCWG) shall monitor
these databases as necessary. The Transmission Assessment Working Group and Operating
Reliability Working Group will review the databases as well as technical assessments conducted
by facility owners and recommend that equipment with adequate capabilities be installed, or
removed as necessary, at critical locations throughout the system as determined in power flow
and dynamic stability studies.

The specific data that is required in SPP’s circuit analysis models shall be maintained and
submitted to SPP by the facility owners or their designated representatives on an annual basis or
as otherwise required. This data shall include, but not be limited to, type of equipment, location,
breaker, minimum voltage and frequency thresholds, amount of load shed that is to be restored,
relay and breaker operating times, and any intentional delay of breaker closing. Also required
will be any related generation protection, tie-closing schemes, islanding schemes, or any other
schemes that are part of or impact the ARL programs.

8.6.4 Monitoring, Analysis, and Notification of Misoperations

Each facility owner shall have a process in place for the monitoring, notification, and analysis of
all ARL closing operations. Any of the following constitute a reportable ARL misoperation:

1) Failure to close — Any failure of armed ARL equipment to initiate a close to the
appropriate circuit breaker when a local voltage and/or frequency level is greater than or
equal to applicable set points.

2) Slow Close — A correct operation of armed ARL equipment where the relay system
initiates closing slower than the system design intends.
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3) Unnecessary Close By Unarmed Equipment — Any initiated closing of a circuit breaker
when all pre-designated conditions are not met.

4) Unnecessary Close, Other— The unintentional operation of an unarmed ARL scheme that
causes a circuit breaker to close when no event had previously occurred. This may be due
to vibration, improper settings, faulty relay, or human error.

Documentation of all misoperations shall be provided to SPP and NERC within thirty (30)
business days of the request. Each facility owner shall document that it has fully complied with
its process for monitoring, notification, and analysis of all trip operations. It shall also provide
consistent documentation of all closing misoperations, indicating the cause and those corrective
actions that have been or will be taken. The facility owner will be responsible for providing
documentation of misoperations on a form, developed by the SPCWG and supplied by SPP, with
applicable attachments. These attachments shall include all voltage, frequency and sequence of
events data relevant to the cause of the misoperation of which is the basis for the documentation.

The facility owner shall maintain the documentation of all operations for a minimum of one (1)
year. The facility owner’s processes should include items such as:

1) Uniform format to the extent possible.
2) Content guidelines.

3) Requirements for periodic review.

4) Requirements for updating data.

5) Procedures for analysis of all closing misoperations.

8.6.5 Testing and Maintenance Procedures

Each facility owner shall have a documented maintenance program in place to test or the means
to periodically check the functionality and availability of the ARL equipment in service. These
tests shall be done based on the manufacturers’ recommendation or, if less frequent, to maintain
reliable operation. A facility owner that tests on a less frequent basis than the manufacturer’s
recommendation shall provide written justification for such a change, if requested by SPP or
NERC. The facility owner will be responsible for maintaining and providing required
maintenance data for its facilities for a minimum of three (3) years. Each facility owner will
provide updates to the SPP or NERC upon request.
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ARL systems shall be functionally tested when initially placed in service, when modifications
are made, and at a frequency of no less than three (3) years to verify the dependability and
security aspects of the design. The maintenance and testing program of the ARL system should
include provisions for relay calibration, functional trip testing, communications system testing,
and breaker closure testing. All maintenance and testing shall be documented as described
below:

1) Automatic Restoration of Load system identification.
2) Summary of testing procedures.

3) Frequency of testing.

4) Date last tested.

5) Results of last testing.

8.6.6 Periodic Review of Equipment

SPP members shall maintain a list of substations where ARL equipment is located for all areas
including those designated as being critical by the Transmission Assessment and Operating
Reliability Working Groups. The facility owner will be responsible for providing required data
on forms developed by the System Protection & Control Working Group and supplied by SPP.
Each facility owner will provide updates to the SPP as requested. The SPP staff will maintain
and update the ARL equipment database. The Transmission Assessment and Operating
Reliability Working Groups will review the database annually for additions and changes,
specifically checking for equipment as recommended in Section 8.6.3. The SPCWG will update,
if necessary, this ARL Criteria every three (3) years.

8.6.7 Requests for Data

SPP shall function as a requesting agent and clearing house for the collection of data on an as
needed basis when the request is not from an SPP member. Facility Owners shall provide
program information including equipment data within five (5) business days upon receipt of a
request with a copy of the requested information forwarded to the SPP. Facility owners shall also
provide documentation, within thirty (30) business days upon receipt of a request, relating to:

1) all misoperations within the requested time frame,

2) an implemented maintenance program, and
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3) an applicable technical assessment.

SPP shall provide program information including equipment data to NERC within five (5)
business days upon receipt of a request. SPP members and NERC staff may also formally request
data from SPP members with a copy of the request forwarded to the SPP. Such requests will be
considered to be a request from SPP staff.

8.6.8 Coordination of Programs

The owner of the ARL system shall notify SPP of its intent to install a new or modify an existing
ARL with sufficient lead time to allow for an orderly review by SPP’s working groups and
committees. This notification will include statements on whether misoperation or failure of the
ARL system would have local, inter-company, inter-area or interregional consequences, when
the ARL system is planned for service, how long it is expected to remain in service and whether
the ARL system will be designed according to all SPP operating requirements of the bulk
transmission system and NERC Standards. For a new or modified ARL system prior to
installation of facilities, three (3) copies of all applicable studies supporting the design
requirements of the ARL system and three (3) copies of a complete set of electrical design
specifications, drawings and operating plans shall be submitted to the SPP with this notification.
The drawings shall include a geographical map, a one-line diagram of all affected areas, and the
associated protection and control function diagrams. The documentation of the proposed system
will include any special conditions or design restrictions that exist in the proposed system.

The System Protection And Control, Transmission Assessment and Operating Reliability
Working Groups will assess the ARL system’s conformance with all SPP operating requirements
of the bulk transmission system and NERC Standards. If necessary, the working groups will
request that the facility owner conduct additional studies and provide additional details of design
specifications, drawings and operating plans. The results of such compliance review shall be
documented with all recommendations that are deemed appropriate by the SPP and forwarded to
the requesting party normally within 120 days from the date of request. The recommendations of
SPP shall be completely incorporated into the design of the ARL.

A presentation will be made to appropriate working groups when a facility owner deviates from
any of the SPP operating requirements of the bulk transmission system and NERC Standards as
well as when a member system is in doubt as to whether the design meets these requirements.
The facility owner shall arrange for the technical presentation by advising SPP approximately
four months prior to the presentation and by providing copies of the materials to be presented 30
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days prior. The facility owner will advise appropriate working groups of the basic design of the
proposed system and include a geographical map, a one-line diagram of all affected areas, and
the associated protection and control function diagrams. The proposed system should be
explained with due emphasis on any special conditions or design restrictions that exist in the
proposed system. A presentation will also be made to appropriate working groups relating to new
facilities or a modification to an existing facility when requested by either a member system or a
working group.

8.7 Generation Control and Protection

The objectives of protective relaying and control schemes within generation facilities are to
promptly detect abnormal conditions and isolate or control equipment to minimize damage to
equipment. Some of these abnormal conditions which will result in an alarm or tripping of
generation include faults, overload, overheating, off-frequency, loss of field, motoring,
singlephase or unbalance current operation, and out-of-step. The selection and settings of
equipment should not result in erroneous tripping for acceptable operating conditions or for
faults outside the intended zones of protection.

Generation Control and Protection Systems (GCP) must be coordinated with excitation and
governor controls to minimize generator tripping during disturbance-caused abnormal voltage,
current and frequency conditions. Therefore, protection and control schemes should be designed
and installed with appropriate settings to provide a reasonable balance between the need for the
generator to support the interconnected electric systems during abnormal conditions and the need
to adequately protect the generator equipment from damage. All reviews, monitoring and
analysis of each generator, rated at 20MW or above, shall be completed as described in Criteria
8.7.

8.7.1 Reviews of Components and Systems

The owner shall conduct periodic reviews of the components and systems that make up the
generation protection system to assure that components and systems function as desired to
minimize outages. The design and implementation of all new protection schemes shall be in
accordance with IEEE and ANSI Standards, Guides and Recommended Practices as well as
NERC Standards and Guides. Should it be determined that the design and application of
protection equipment do not adhere to such requirements, then these findings, as a result of this
review, shall be documented including a plan for achieving the necessary results. These reviews

Version 1.0 11/20/2015 122



@SPP Southwest
Power Pool

SPP Planning Criteria

are to be completed as system changes dictate, or more frequently as needed based on
misoperations as identified in Criteria 8.7.2. The reviews should include, but not be limited to,
the following items:

1) Review of relay settings.

2) Current carrying capability of all components (Bus, cables, lines, CTs, breakers,
switches, etc.).

3) Interrupting capability of all components (breakers, fuses, etc.).
4) Breaker failure and trip schemes.

The design of protection systems, both in terms of circuitry and physical arrangement, should
facilitate periodic testing and maintenance. Generator protection systems should not operate for
stable power swings except when that particular generator is out of step with the remainder of the
system. Loss of excitation and out of step relays should be set with due regard to the
performance of the excitation system.

All underfrequency, overfrequency, undervoltage and overvoltage protection systems shall be
coordinated with system underfrequency and undervoltage load shedding schemes. Power plant
auxiliary motors should not trip or stall for momentary undervoltage associated with the
contingencies as defined in Categories A, B and C of NERC I.A Standards unless the loss of the
associated generating unit(s) would not cause a violation of the contingency performance
requirements.

Redundant generator protection schemes are required for all new generator installations and all
re-powering projects where the generator is rated at 20MW or above. Redundant generator
protection schemes for the step-up transformer and the main auxiliary transformer (if any) are
not required but encouraged. Where redundant protection systems are being used, efforts should
be made to use separate current transformers, potential transformers, and DC control power
circuits to minimize the risk of both systems being disabled by a single event or condition.

The use of dual trip coils, if available, on both generator and unit circuit breakers are required for
all new generator installations at 20MW or above. The installation of breaker failure relaying for
generator and unit circuit breakers are also required for all new generator installations at 20MW
or above. The addition of breaker failure relaying for all generator and unit circuit breakers at
existing sites is not required but encouraged.
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8.7.2 Monitoring, Analysis, and Notification of Misoperations

Each facility owner shall have a process in place for the monitoring, notification, and analysis of
all generation protection trip operations. Any of the following constitute a reportable
misoperation of generation protection equipment and schemes:

1) Failure to trip — Any failure of a GCP system element to operate when a fault or
abnormal condition occurs within a zone of protection. (Note: Lack of targeting, such as
when a high-speed pilot system is beat out by a high-speed zone, is not a reportable
misoperation. If a fault or abnormal condition is cleared in the time normally expected
with proper functioning of at least one GCP system, failure of a GCP system element is
not a reportable misoperation.).

2) Slow Trip — Any failure of a GCP system element that is slower than planned to operate
when a fault or abnormal condition occurs within the zone of protection. (Note: Delayed
Fault Clearing, where a high-speed system is employed but is not essential for
transmission system performance, is not a reportable misoperation.)

3) Unnecessary Trip During a Fault — Any unnecessary GCP system operation for a fault not
within the zone of protection. (Note: Operation as properly coordinated backup protection
for a fault in an adjacent zone that is not cleared within the specified time for the
protection for that adjacent zone is not a reportable misoperation.)

4) Unnecessary Trip Other Than a Fault — Any unnecessary GCP system operation when no
fault or other abnormal condition has occurred. (Note that an operation that occurs during
on-site maintenance, testing, construction and/or commissioning activities is not a
reportable misoperation.)

Misoperations occuring prior to synchronization need not be reported, but shall be investigated
and corrected to prevent possible misoperations when the unit is synchronized to the system.
Documentation of all protection misoperations shall be provided to SPP and NERC within thirty
(30) business days of the request.

Each facility owner shall document that it has fully complied with its process for monitoring,
notification, and analysis of all GCP trip operations. It shall also provide consistent
documentation of all GCP trip misoperations, indicating the cause and those corrective actions
that have been or will be taken. The facility owner will be responsible for providing
documentation of misoperations on a form supplied by SPP. When requested, supporting
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documentation shall be provided and include all fault, disturbance, load and sequence of events
data relevant to the cause of the misoperation.

The facility owner shall maintain the documentation of all operations for a minimum of one (1)

year. The facility owner’s processes should include items such as:
1) Uniform documentation format to the extent possible.
2) Content guidelines.
3) Requirements for periodic review.
4) Requirements for updating data.

5) Procedures for analysis of all trip misoperations.

8.7.3 Generation Protection System Maintenance and Testing Programs

Facility owners shall have a protection system maintenance and testing program in place. The
facility owner shall demonstrate full compliance to the program for protection system
maintenance and testing, demonstrating that all required activities have been completed on
schedule. The program shall be maintained and documented. The facility owner will be
responsible for maintaining and providing required data for each facility. Each facility owner
will provide updates to SPP or NERC within 30 days of a request.

The facility owner shall maintain the documentation of all maintenance and tests records for one
test period. Protection systems and their associated maintenance and testing procedures should
be designed to minimize the likelihood of personnel error, such as incorrect operation or
inadvertent disabling. Protection and control systems shall be functionally tested when initially
placed in service, when modifications are made, and at a frequency of no less than five (5) years
to verify the dependability and security aspects of the design.

Each facility owner shall periodically test the protection system components on a frequency as
needed to assure that the system is functional and correct. The maintenance and testing of system
components, i.e. relays, shall be completed based on the manufacturers’ recommendation or, if
less frequent, to maintain reliable operation but at least every three (3) years. A facility owner
that tests on a less frequent basis than the manufacturer’s recommendation shall provide written
justification for such a change, if requested by SPP or NERC. For newer GCP Systems with
selfmonitoring, having SCADA reporting for a GCP failure, and with successful downloading or
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viewing of data following operations, then such activity and application shall satisfy the testing
and maintenance procedure requirements.

The maintenance and testing program of the protection system should include provisions for
relay calibration, functional trip testing, and breaker trip testing. All maintenance and testing
shall be documented as described below:

1) Generation protection system identification.
2) Summary of testing procedures.

3) Frequency of testing.

4) Date last tested.

5) Results of last testing.

8.7.4 Requests for Data

SPP shall function as a requesting agent and clearing house for the collection of data on an as
needed basis when the request is not from an SPP member. Facility Owners shall provide
program information including equipment data within five (5) business days upon receipt of a
request with a copy of the requested information forwarded to the SPP. Facility owners shall also
provide documentation, within thirty (30) business days upon receipt of a request, relating to 1)
all misoperations within the requested time frame, and 2) an implemented maintenance and
testing program. SPP shall provide program information including equipment data to NERC
within five (5) business days upon receipt of a request. SPP members and NERC staff may also
formally request data from SPP members with a copy of the request forwarded to the SPP. Such
requests will be considered to be a request from SPP staff.

8.7.5 Coordination of Programs

The facility owners and operators of a GCP program shall ensure that their programs are
consistent with Regional GCP program requirements effective January 1, 2002. When a
disturbance, fault, or misoperation occurs which initiates the utilization of GCP equipment and
schemes, the owners or operators shall analyze and document the event. Documentation of all
misoperations shall be provided to SPP and NERC on request in the time frames established in
8.7.4. Generator owners/operators shall have a generator protection system maintenance and
testing program in place.
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8.7.6 Generation Protection Systems Criteria Updates

The SPCWG will update, if necessary, this Generation Control and Protection Systems Criteria
every three (3) years.

8.8 Generator Controls — Status and Operations

8.8.1 Generator Excitation System Control Operation

All synchronous generators connected to the interconnected transmission systems shall be
operated with their excitation systems in the automatic voltage control mode (automatic voltage
regulator in service and controlling voltage) unless approved by the control area operator.

8.8.1.1  Reporting Procedures

Control Area Operators shall implement procedures that require Synchronous Generator
Operator/Owners to provide information to the Control Area Operator, SPP, and NERC upon
request (30 business days) concerning the generators’ automatic voltage control regulator. The
procedures shall include the following.

1) Summary report showing the number of hours each synchronous generator did not
operate in automatic voltage control mode during each calendar month. Information shall
be provided on the “Generator Owner/Operator Excitation System Summary Report”
supplied by SPP, if control area operator does not have its own form.

2) Detailed reports of the date, duration, and reason for each instance in which a
synchronous generator was not operated in the automatic voltage control mode for a
specific calendar month. Information shall be provided on the “Generator Unit Excitation
System Status Report” supplied by SPP, if control area operator does not have its own
form.

3) The Generator Owner/Operator shall retain the reports mentioned in (a.) and (b.) for a
period of 12 rolling months.

8.8.1.2 Exempt Generators

Control Area operators shall have criteria stating which generators may be exempt from these
procedures. Exemptions shall include the following.
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1)
2)

8.8.2

Generator output less than 20MW

Other criteria as control area operator deems appropriate.

Generator Operationg for Maintaining Network Voltage

Synchronous generators shall maintain a network voltage or reactive power output as required by
the control area operator within the reactive capability of the units.

8.8.2.1

1)

2)

8.8.2.2

1)

2)

Control Area Responsibilities

Each control area operator shall specify a voltage or reactive schedule to be maintained
by each synchronous generator at a specified bus and shall provide this information to the
generator owner/operator. Documentation of the information shall be provided on the
“Generator Owner/Operator Voltage Schedule Requirements” report supplied by SPP, if
the control area operator does not have its own form. This information shall be made
available to SPP and NERC on request (30 business days).

Each control area operator shall maintain a list of synchronous generators that are exempt
from the requirement of maintaining a network voltage or reactive schedule. The list of
exempt generators shall be made available to SPP and NERC on request (30 business
days) and shall be supplied on “Control Area Operator’s List of Exempt Generators”
report supplied by SPP, if control area does not have its own form.

Generator Owner/Operator Responsibility

Synchronous generator owner/operators shall maintain the voltage or reactive output as
specified by the control area operator.

When requested by SPP and NERC, the synchronous generator owner/operator shall
provide (30 business days) a log that specifies the date duration, and reason for not
maintaining the established voltage or reactive schedule, along with approvals for such
operation received from the transmission operator. This information shall be provided on
the “Generator Unit Voltage Schedule Status Report” supplied by SPP, if control area
operator does not have its own form.
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8.8.3 Generator Step-Up and Auxiliary Transformer Tap Settings

Generator step-up and auxiliary transformers shall have their tap settings coordinated electric
system voltage requirements.

8.8.3.1  Reporting Procedures

Control Area operators shall implement procedures concerning the reporting and changing of
transformer tap settings. The procedures shall at a minimum include the following.

1) Owner/Operators shall provide current tap settings, tap setting ranges, and impedence
data for all Generator Step-Up (GSU) and Auxiliary Transformers to the control area
operator, SPP, and NERC upon request (30 business days). This information shall be
supplied on ‘Generator Unit Transformer Tap Setting Report” supplied by SPP is control
area operator does not have its own form.

2) When tap setting changes are necessary, the control area operator shall notify generator
owner/operator with “Generator Unit Transformer Tap Setting Change Request” supplied
by SPP, if control area operator does not have its own report. In this report, tap setting
changes are specified along with a technical justification for the changes.

3) Generator Owner/Operators shall have a period of nine (9) months in which tap setting
changes must be made. After setting changes have been made, Generator
Owner/Operator shall supply new “Generator Unit Transformer Tap Setting Report” for
the affected generating station.

4) Criteria for Generating units whose GSU and AUX transformers would be exempted.

5) List of generating units that meet exemption criteria shall be documented on “Generation
Units Exempt from Tap Setting Reporting Procedures” report supplied by SPP, if Control
Area Operator does not have its own form.

8.8.4 Generator Performance during Temporary Excursions
8.8.4.1 Excursions Voltage

During Emergency and/or transient system conditions, all reasonable measures should be taken
to avoid tripping of the generator due to high or low voltage.
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8.8.4.2  Excursions in Real and Reactive Power Output

Generators shall be able to sustain temporary excursions in real and reactive power output that
may occur during a period of declining frequency or voltage. For this reason, all generator
governors and automatic voltage regulators shall be kept in automatic mode as much as practical.
A generator shall not trip during stable power swings except when that particular generator is out
of step with the remainder of the system.

Generators shall be able to run at maximum rated reactive and real output according to each
unit’s Capability Curves during emergency conditions for as long as acceptable frequency and
voltages allow the generator to continue to operate.

8.8.4.3 Exempt Generators
Generators shall be exempt from this section if they meet the following criteria:

1) Generator output less than 20MW

8.8.5 Generator Voltage Regulator Controls and Limit Functions

Voltage regulator controls and limit functions (such as over and under excitation and volts/hertz
limiters) shall coordinate with the generator’s short term duration capabilities and protective
relays.

8.8.5.1  Reporting Procedures

Generator Owner/Operators shall provide control area, SPP, and NERC as requested (30
business days) with information that ensures generator controls coordinate with the generator
short term duration capabilities and protective relays. The information shall be supplied on the
“Voltage Regulator Control Setting Status Report™ as supplied by SPP is control area operator
does not have its own form.

8.8.6 Governor Control Operation

Prime mover control (governors) shall operate with appropriate speed/load characteristics to
regulate frequency. Governors’ speed regulation response shall be set such that a decrease in
system frequency causes the governor to respond by increasing the generator real power output.
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8.8.6.1  Reporting Procedures

1) Generator Owner/Operators shall provide control area, SPP, and NERC as requested (30
business days) with the characteristics of the generator’s speed/load governing system.
Boiler or nuclear reactor control shall be coordinated to maintain the capability of the
generator to aid control of system frequency during an electric system disturbance.
Information shall be supplied on “Generator Governor Characteristic Reporting” report
supplied by SPP if control area operator does not have its own form.

2) Non-functioning or blocked speed/load governor controls shall be reported to control
area, SPP, and NERC on request (30 business days). Information shall be supplied on
“Non-Functioning Governor Control” report supplied by SPP if control area operator
does not have its own form.

8.9 Inter-connection Revenue Metering

8.9.1 Meter Technical and Data Reporting Protocols

The protection design may also include various types and accuracies of metering and associated
equipment. The metering may include, but not be limited to, the following: local station or plant
annunciated / displayed metering, SCADA type operational metering exchanged among parties
within a station or plant, SCADA type station to control center metering used for operational
purposes, control center to control center ICCP type metering, and inter-connection revenue
metering. These metering types may or may not have specific SPP criteria requirements. Other
metering design requirements may need to be referenced when creating metering and protection
design, especially those that include the control center to control center metering and revenue
metering. SPP has specific functional and design type requirements for Inter-Connection
Revenue Metering.

8.9.2 Revenue “Meter Technical and Data Reporting Protocols” Cross
Reference

The Southwest Power Pool (SPP) Market Working Group’s (MWG) Settlement Data and Meter
Standards Task Force (SDMSTF) subcommittee has jurisdictional control over the power plant
and transmission system ‘“inter-connection settlement revenue metering”. The SPP System
Protection and Control Working Group (SPCWG) and other parties providing inter-connection
settlement revenue metering designs in the SPP area must refer to the MWG - - SDMSTF Market
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Protocol Document “Appendix D: Meter Technical and Data Reporting Protocols™ for inter-
connection settlement revenue metering equipment design requirements. Per the SPP Market
Protocol Document, the inter-connection revenue metering design requirements must be met for
all new installations
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Given: Plant site is 39°, 15° latitude; 94°, 58’ longitude.
Elevation is 750 feet.
Find: Generator rating conditions.

1. Determine the three nearest weather stations and temperatures from the ASHRAE

Handbook.

Station Latitude | Longitude | Elevation | Td Tw

Kansas City, MO | 39°, 07’ 94°, 35’ 791 99 75

Atchison, KS 39°, 34 95°, 07’ 945 96 77

Topeka, KS 39°, 04° 95°, 38’ 877 99 75

2. Correct the temperatures to the plant elevation
Station Elevation Effect on Effect Corrected | Corrected

above Plant Td on Tw Td Tw
Kansas City, MO 41 0.2 0.1 99.2 75.1
Atchison, KS 195 1 0.4 97 77.4
Topeka, KS 127 0.6 0.3 99.6 75.3

3. Using 39°, 00°; 94°, 00’ as the origin determine the relative location of each point A, B, and
C from the plant P. To obtain the east-west dimensions, multiply the longitude minutes
from 94°, 00’ by the cosine of plant latitude; cos (39.25) = 0.7744. Doing so, the following
coordinates are obtained:

North West Point
Plant 15 44.9 P
Kansas City, MO 7 27.1 A
Atchison, KS 34 51.9 B
Topeka, KS 4 75.9 C

4. Calculate the distance between P and points A, B, and C, and then temperatures at P.

2 2w

Dea=((yr—yn) + (Xr—xa)) =195
2 2w

Dee = ((yr—Yys) + (xr—x8)) =20.2
2 2w

Dec=((yr—Yyc) +(xp—xc)) =329

SO,

Ti=2(T/Di) / 2(1/Dy)
Td = (Tda/Dra + Tde/Dee + Tdc/Dec)/(1/Dea + 1/Des + 1/Drc) = 98.46°F
Tw = (Twa/Dpra + Twe/Dee + Twc/Dpc)/( 1/Dpa + 1/Des + 1/Dpc) = 76.01°F

5. The standard barometric pressure for the site is:

5.2559

Pss = 29.921 x (1 — 6.8753 x 0.000001 x Elevation) = 29.12 inches Hg

App. PL-1



Appendix PL-2.A- Ambient Temperature

1.0 Purpose

The purpose of this Appendix is to describe the methodology to be used when determining
ambient temperature for circuit rating purposes. This methodology allows for the
flexibility of computing ambient temperatures that are location specific and allows for the
ease of using default values.

2.0 Types of Ambient Temperature

Maximum ambient temperatures are used when calculating seasonal ratings for overhead
conductors, disconnect switches, circuit breakers and wave traps. Average ambient
temperatures are used when calculating seasonal ratings for power transformers and
current transformers.

2.1 Maximum Ambient Temperature

Circuit rating criteria specify the maximum temperature an overhead conductor, switch,
circuit breaker, and wave trap may experience. As the ambient temperature increases,
the temperature rise that produces the same maximum equipment temperature is reduced.
The reduced temperature rise results in a reduced load carrying capability. Consequently,
increases in the maximum ambient temperature does not alter the maximum temperature
the equipment was designed to withstand, but it does reduce the current carrying
capability for the same maximum equipment temperature.

Selection of the maximum ambient temperature used in rating transmission circuits
involves trade- offs. If you select an ambient temperature that is the highest temperature
ever recorded for your control area, you may be limiting the use of the transmission
system on an ongoing basis for a temperature that has a very small likelihood of
occurring. On the other hand, if you select an ambient temperature that is frequently
exceeded, you put the transmission system at risk of operating equipment at temperatures
in excess of design when it is carrying rated load.

This circuit rating criteria attempts to achieve a balance by specifying a method for
determining the maximum ambient temperature that allows for full utilization of the
transmission system without experiencing frequent violations of equipment design
temperatures. When selecting a maximum ambient temperature for seasonal ratings, a
system may choose to either compute a temperature based on local weather station data
or may use a default value.

Switches, circuit breakers and wave traps have nameplate ratings based on a 40°C
(104°F) maximum ambient temperature (if designed according to ANSI/IEEE

standards). The 40°C shall be used as the summer default value for this equipment
along with overhead conductors. A system that elects to use the summer default
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value shall utilize the nameplate rating. Those systems wanting to compute their own




maximum ambient temperature shall use the procedure

described in section 3.1 and must adjust the nameplate rating using the procedure
described in the appropriate appendix for that piece of equipment. The winter default
temperature is 1oac

(50°F). Whether a system elects to use the winter default value or compute its own, it
shall still need to determine winter ratings for overhead conductors, switches, circuit
breakers and wave traps using the procedures described in the appropriate appendix
(nameplate ratings apply for summer months only).

The maximum ambient temperature, whether based on a default value or a computed
value, represents a ceiling or highest number that can be used for rating circuits. A
system may rate their equipment at some lower temperature but cannot exceed the
default value or the computed value. This allows systems that have historically
computed their circuit ratings using an ambient temperature below the default value or
the computed value to continue using this value for rating purposes.

However, for a system that has historically utilized an ambient temperature that exceeds
both the default value and the computed value, it must lower the maximum ambient
temperature it is using for rating purposes such that it equals either the default value or
the computed value, whichever of the two the system elects to use.

2.2 Average Ambient Temperature

According to ANSI standards, both power transformers and current transformers are rated
using average ambient temperature. The average temperature is calculated by averaging
24 consecutive hourly readings. The maximum daily temperature should not be more than

10°C greater than the average temperature. Power transformers and current transformers
both have nameplate ratings based on a 30°C (86°F) average ambient temperature. The
30°C shall be used as the summer default value for this equipment. Using the 30°C
average ambient temperature allows for a maximum daily temperature of 40°C that is
consistent with the summer default value used for other equipment. The winter default

value is 0°C (32°F). It allows a maximum daily temperature of 10° (50°F) for the winter
months and is consistent with the winter default value used for other equipment. A system
can elect to compute its own average temperature using the procedure described in Section
3.2. Using a computed average ambient temperature (either summer or winter) for power
transformers shall require adjusting its nameplate rating. The default average ambient
temperature value of the transformer has been used to determine its emergency rating and
an acceptable loss of life. This circuit rating criteria uses the power transformer nameplate
rating as a year-round rating (both summer and winter). Consequently, even though an
average ambient temperature can be computed, using it to adjust transformer nameplate
ratings will affect emergency ratings and is not recommended.

Similar to the maximum ambient temperature the default or computed average ambient
temperature represents a ceiling or highest number that can be used for rating power
transformers and current transformers. A system can use an average
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ambient temperature that is less than the default or computed amount but cannot use
one that exceeds the default or computed amount.




3.0 Procedure for Computing Ambient Temperature

Systems have the option of either using default values or computing maximum ambient
temperature and average ambient temperature. This section describes the procedure for
computing ambient temperatures. In general, it is intended that a system would use this
procedure a single time and once they have determined their maximum and average ambient
temperature, these amounts would remain constant for all future circuit ratings.

When computing ambient temperature, systems shall use temperature readings from nearest
weather stations. Some control areas span a large area that may encompass several weather
stations. If a large enough geographic area is involved, it is also possible that the computed
ambient temperature could be significantly higher at one or more of the weather stations. For
these control areas, they may choose to either divide the control area into sections using the
highest ambient temperature readings from weather stations within the section or, to maintain
consistent ratings throughout the control area, they may choose to use the highest ambient
temperature of all weather stations within the control area.

A system is not required to use the same weather station when computing summer and winter
ambient temperature. However, the weather station selected must be within the control area or,
if thereare no weather stations within the control area, it must be the nearest weather station to
the control area. Once a weather station is selected for either summer readings or winter
readings, all or the readings for each season must come from the same weather station.

3.1 Maximum Ambient Temperature

The summer maximum ambient temperature is determined by averaging the top 1% of the
hourly temperature readings from the nearest weather station for the summer months (June
through September). The summer average shall be computed each year for the past five
years and the highest average shall be selected as the summer maximum ambient
temperature.

The winter maximum ambient temperature is determined by averaging the top 1% of the
hourly temperature readings from the nearest weather station for the winter months
(December through February). The winter average shall be computed each year for the
past five years and the highest average shall be selected as the winter maximum ambient
temperature.

3.2 Average Ambient Temperature

The summer average ambient temperature is determined by averaging the 24 consecutive
hourly temperature readings from the nearest weather station for the summer months
(June through September). This summer average shall be computed using an average of
the five hottest days during the four months. It shall be computed
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for each year for the past five years and the highest average shall be selected as the
summer average ambient temperature.




The winter average ambient temperature shall be computed in a similar manner but shall
use the average of the hottest 24 consecutive hourly temperature readings from the nearest
weather station for the winter months (December through February). The winter months
are defined as the three consecutive months that overlap the end of the year. The winter
average shall be computed similar to the summer average using an average of the five
hottest days during the three months. The winter average shall be computed each year for
the past five years and the highest average shall be selected as the winter average ambient
temperature.

PL-2A-4 January 1996

Appendix PL-2.B - Underground Cables




The determination of the ampacity of an underground cable is dependent upon the
maximum temperature the conductor can withstand without causing significant thermal
deterioration. This temperature can refer to steady-state, emergency or short-circuit
conditions. It is the specification of this temperature limit that limits the cable's ampacity.
The Neher-McGrath procedure is the basis of steady-state ampacity calculations. This
current rating can be calculated by solving the thermal equivalent of Ohm's Law and in its
basic form is shown by the equation below:

¢ - Ta - ATd
I 3
J ———==--x 10 A

Ret x Rh

where

Tc =allowable conductor temperature, °C

Ta =ambient earth temperature, °C

ATd =temperature rise due to dielectric loss, °C
Rel, = electrical resistance, uQ/ft

Rt = thermal resistance, TOF (thermal ohm-feet)

The basic thermal circuit consists of cable heat (in watts) that corresponds to electrical
current (in amperes), thermal resistance (in thermal ohm-feet) that corresponds to electrical
resistance (in ohms) and temperature drop (in°C) that corresponds to voltage drop (in volts).
The electrical analogy and thermal circuit are shown below.

Simply stated, the ampacity calculation consists of the calculation of losses and the
temperature rise due to those losses flowing through the various resistances. The
procedure can be summarized as follows:

1. Determine the cable construction and conductor size of the existing cable.

2. Refer to AEIC specifications for the maximum allowable conductor temperature for
this cable. Determine the temperature rise over ambient earth temperature that will
give this value.

3. Calculate dielectric loss.

4. Calculate the electrical resistances of each current-carrying component of the system for
the expected operating temperature of that component.

5. Calculate the thermal resistance of each component of the system, including the earth.
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6. Calculate the temperature rise due to dielectric loss flowing through the thermal
resistances, and subtract that number from the total available temperature rise.

7. Solve the Ohm's law equivalent circuit to determine the ampacity that achieves the
allowable temperature rise.

The total thermal circuit for a self-cooled buried transmission cable is shown as an
electrical analog in figure below.

The following equations summarize the calculation of the allowable current.
Calculating Allowable Current

Temperature Rise Due to Dielectric Losses
For pipe-type cables,

ATd = Wd ( E+R_m+-1€_p;+}é_d.:+Rdcur)J (CD)

b |~

for single-conductor cables,

[— —
ATd = Wd [5Ri+Rj+de+Rd+Rpc+Rde+Rdcor]! (CO)

where

R; = insulation thermal resistance (TOF)

Ri =Rsd jacket thermal resistance (TOF)

= thermal resistance between cable surface and surrounding enclosure
(TOF)

Rd = Rpc duct thermal resistance (TOF)

= Rde' = pipe-covering thermal resistance (TOF)

Rdcor = earth thermal resistance for dielectric losses (TOF)

correction factor for controlled backfill or concrete-encased duct (TOF)

Available Temperature Rise for Current-Dependent Losses
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where

Tc

ATy

ATint

ATL- = Tc'Tu_ATd_ATimJ (CO)

allowable conductor temperature (C°)
ambient earth temperature (C°

conductor temperature rise due to dielectric and charging-current losses (C°}

temperature rise due to extraneous heat source (C°)
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Summation of Electrical and Thermal Resistances
for pipe-type cables:

chwEOC/ kA2 RaccRi + RcmRJd + Racp Rpc + Ruchm + Racheaﬂh + Ra\:p-Rmm + R(x‘pRcmrr

for single-conductor cables:

YR Ri*C/ kA = RucRi + RasR; + RusRu + RasRi + RusRis + Rucs Row + Rocs R + Rics R

where

De = diameter at start of the earth or external portion of the thermal circuit (in.)
Dy = fictitious diameter at which the effect of loss factor begins (in.)

Race - conductor ac resistance (|| Q/ft)

Racp - ac resistance at pipe (JlQ/ft)

2:2; ; ac resistance at shield (JQ/ft)

Rdx - correction factor, current-depen_dent losses (TOF)

rearth - thermal resistance from De to diameter Dy (TOF)

Rmut = thermal resistance from Dx to ambient earth (TOF)

mutual-heating earth thermal resistance term (TOF)
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For further and more detailed information see the EPRI Underground Transmission
Systems Reference Book, Chapter 5: Ampacity. The above equations apply to buried
cable installations. For above ground installation (e.g. bridge crossings, tunnel installations
or riser sections), there are three main differences. First, solar radiation provides heat
input. The Neher-McGrath method does not consider this factor. Second, heat transfer by
conduction is negligible. And third, heat transfer for cables in air is by free or forced
convection and by radiation. Generally, the ampacity of an identical cable circuit installed
in the air will be greater than that for a buried cable circuit. The equations will not be
presented here and may be found in the EPRI Underground Transmission Systems
Reference Book, Chapter 5: Ampacity.

Under emergency conditions it may become necessary to exceed the normal temperature
limit of the cable. A new cable rating may be calculated by substituting the new
temperature limit into the equations seen above. The key to calculating the emergency
rating will be establishing the allowable temperature increase. One must be careful not to
overestimate the ability of the cable to withstand higher temperatures as well as not to
underestimate the loss of life that will occur with operation above normal temperatures.
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APPENDIX PL-2.C

APPENDIX PL-2.C Switches
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Switch ratings are discussed in ANSI/IEEE C37.37 Loading Guide for AC High-Voltage Air

Switches (in excess of 1000 volts) and in ANSI/IEEE C37.37a-IEEE Loading Guide for AC
High-Voltage Air Switches Under Emergency Conditions. In general, the allowable continuous current
of a switch is based on the allowable maximum temperature of the switch parts and is affected by the
ambient temperature. Provisions are made for loading the switches under emergency conditions in the

above referenced ANSI/IEEE Standard C37.37a-Therefore, both Normal and Four-Hour

Emergency circuit ratings will be developed based upon the allowable continuous current capability rating
of the switch. These ratings will be treated as the loading limits for normal and emergency conditions.

A switch is made up of a number of different switch parts, which are classified and grouped in
accordance with their material and function into switch part classes, each of which is givena switch part
class designation of the form xO#. Examples of the switch part class designations are A01, 006, JO10,
NO1, and WO09. The loadability factors of each switch part class, as a function of ambient temperature,
are represented by a curve. Tabular representations of these curves for normalcontnuous load
conditions are contained in Table C- 3 for non-enclosed indoor and outdoor switches and in Table C- 4
for enclosed indoor and outdoor switches. Tabular representations of these curves for emergency load
conditions with a maximum emergency loading duration of four hours are contained in Table C - 5 for non-
enclosed

indoor and outdoor switches and in Table C-6 for enclosed indoor and outdoor switches.

The Allowable Continuous Current Class (ACCC) designation of a switch is a code which identifies a
composite loadability curve made up from the limiting switch part classes. In most instances, the ACCC
designation will be contained on the switch's nameplate. However, air switches designedin accordance
with ANSI C37.30- and earlier may not have an ACCC designation on the nameplate. Such non-
enclosed switches having a 30°C limit of observable temperature rise in a maximum ambient of 40°C,
indicative of an allowable maximum temperature of 70°C, are assigned an ACCC designation of AO1. rn
like manner, such enclosed switches having a 30°C limit of observable temperature rise in a maximum
ambient of 55°C, indicative of an allowable maximum temperature of 85°C, are assigned an ACCC
designation of NO1.

ACCC designations were developed such that the first character, x, designates that the specific normal
loadabiity factors for that class are represented by Curve x when the ambient is between 60°C and 25°C.;
the second character inthe ACCC designation, O, represents the specific normal loadability factor for
that class at 25°C. (All curves intersect at O and have a loadability factor of 1.22 at 25°C ambient); and
the third character, #, designates that the specific normal loadability factors for that class are represented
by Curve# when the ambient is between 25°C and -30°C.

In some instances, a composite curve must be developed due to the fact that the switch is constructed
such that some parts of the switch have different switch part class designations than other parts of the
switch. In this situation, the switch's ACCC designation will differ from the standard ACCC designations
listed in the tables and instead will be a composite of two of the standard ACCC designations. An
example of this would be a switch having a designation of 006, signifying that the switch is constructed
using some parts having the switch part class designations of 004 and some parts having the switch
part class designations of FOG6.

Based upon the ACCC designation of a switch, a normal loadability factor curve can be developed for the
switch in the following manner.

1 Using Table C -2 for non-enclosed indoor and outdoor switches or Table C- 3 for enclosed
indoor and outdoor switches, the appropriate values for Curve x, Curve O, and Curve# are

determined based upon the switch's ACCC designation. These curves will be joined together to
form a composite normal loadability factor curve for the switch for the ambient temperature range
from 60°C to -30°C.
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2. The normal loadability factor for specific ambient temperatures can be determined from the
composite loadability factor curve. If the normal loadability factor for a specific temperature, which
is not represented in the composite table is desired, the normal loadability factor may be
calculated by interpolating between the nearest known values. In no case shall the normal
loadability factor exceed 2.00.

3. The Allowable Continuous Current Capability of a switch at a given ambient temperature is equal to
the normal loadability factor at that ambient temperature multiplied by rated continuous current of
the switch, which is contained on the switch's nameplate.

The Allowable Continuous Current Capability of a switch at a given ambient temperature will be treated as the
normal ratings of the switch for that ambient temperature.

Example: The following example should serve to clarify this process:

Problem:

(a) Develop a loadability factor table for a 1200-amp non-enclosed switch with ACCC
designation DOG6.

(b) Using this table, determine the Allowable Continuous Current Capability of this switch at an
ambient temperature of 0°C.

Solution:

(@) The normal loadability factor table, Table C - 1, was created using Table C - 3 for a non-
enclosed switch with ACCC designation 006. For the temperatures from 25°C to 60°C, the
loadability factors from Curve D were used. The standard loadability factor of 1.22 was used for

an ambient of 25°C. The loadability factors from Curve 6 were used for the temperatures from
20°Cto -30°C.

(b) Based upon Table C- 1, the Allowable Continuous Current Capability of a 1200-A non-
enclosed switch designated D06 at 0°C would be:
Loadability Factor @ 0°C * Rated Current
or
1.41*1200 amps= 1692 amps

For operation at OOC, the Normal rating of switch would be 1692 amps.
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Maximum Loadability Factor Curve Used
Ambient
Temperature
60°C 0.84
Curve D
50°C 0.96
40°C 1.07
30°C 1.18
25°C 1.22 Standard
20°C 1.27
10°C 1.34
0°C 1.41 Curve 6
-10°C 1.47
-20°C 1.54
-30°C 1.60

Table C -1: NormallLoadability Factors for a Type 006 Switch

The Four-Hour Emergency Load Current carrying capability of a switch can be determined based upon the
switch's ACCC designation. A four-hour emergency loadability factor curve can be developed for the switch in
the following manner.

1

Using Table C- 5 for non-enclosed indoor and outdoor switches or Table C- 6 for enclosed indoor and
outdoor switches, the appropriate emergency loadability factors are determined based upon the switch's
ACCC designation. In developing the composite curve, the emergency loadability factor curves of the
two standard ACCC designations must be examined and the most limiting loadability

factor at each ambient temperature will be used to form a composite emergency loadability factor curve
for the switch for the ambient temperature range from 60°C to -30°C.

The emergency loadability factor for specific ambient temperatures can be determined from the
composite loadability factor curve. If the emergency loadability factor for a specific temperature, which
is not represented in the composite table, is desired, the emergency loadability factor may be calculated
by interpolating between the nearest known values. In no case shall the emergency loadability factor
exceed 2.00.

The Four-Hour Emergency Load Current Capability of a switch at a given ambient temperature is equal
to the emergency loadability factor at that ambient temperature multiplied by rated continuous current
of the switch, which is contained on the switch's nameplate.

The Four-Hour Emergency Load Current Capability of a switch at a given ambient temperature will be treated
as the Emergency ratings of the switch for that ambient temperature.

Example: The following example should serve to clarify this process:

Problem:

(a) Develop an emergency loadability factor table for a 1200-amp non-enclosed switch with
ACCC designation 006.
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(b) Using this table, determine the Four-Hour Emergency Load Current Capability of this
switch at an ambient temperature of 0°C..

Solution:

(a) The emergency loadability factor table, Table C- 2, was created using Table C- 5 for a
non-enclosed switch with ACCC designation DO6. The composite curve was developed by
examining the emergency loadability curves for switches having ACCC designations of 004
and FO6. At each of the ambienttemperatures, the most limiting loadability factor was chosen
from the D04 and FO6 curves to form the composite curve.

(b) Based upon Table C- 3, the Four-Hour Emergency Load Current Capability of a 1200-A
non-enclosed switch designated DO6 at 0°C would be:

Emergency Loadability Factor@ 0°C * Rated Current
or
1.54 *1200 amps = 1848 amps

For operation at 0°C, the Four-Hour Emergency ratings of the switch would be 1848 amps.

Maximum Loadability Loadability Composite
Ambient Factor Curve Factor Curve Curve for a
Temperature 004 FO6 006 Switch

60°C 1.08 1.11 108
50°C 1.18 1.19 118
40°C 1.28 1.27 1.27
35°C 1.32 1.30 1.30
30°C 1.36 1.34 1 34
25°C 1.41 1.37 137
20°C 1.45 1.41 141
10°C 1.53 1.47 1.47
0°C 1.60 1.54 1.54
-10°C 1.67 1.60 1.60
-20°C 174 1.65 1.65
-30°C 1.81 1.71 1.71

Table C- 2: Four-Hour Emergency Loadabillty Factors for a Type D06 Switch
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Maximum ' ACCC Designation

Ambient
Temperature
A0l B02 C03 DO4 EO05 FO6 GO7 HO8 109 J010 K011
0 0
C F
60 140 033 C 0.67 C 0.74 C 0.4 C 0.86 C 0.92 C 0.94 C 0.98 C 1.03 C 1.06 C 1.10 C
ur ur ur ur ur ur ur ur ur ur ur
ve ve ve ve ve ve ve ve ve ve ve
K
A B C D E F G H | J
50 122 0.82 0.87 0.90 0.96 0.96 1.02 103 1.05 1.09 112 1.14
40 104 1.00 1.03 104 1.07 1.06 111 111 1.13 115 116 1.16
30 66 1.15 1.17 1.17 116 1.16 1.19 119 1.20 120 120 1.21
25 77 1.22 1.22 1.22 1.22 1.22 122 122 122 1.22 122 1.22
20 66 1.29 1.29 1.26 1.28 1.27 1.27 127 126 1.25 124 1.24
C C C C C C C C C C C
ur ur ur ur ur ur ur ur ur ur ur
ve ve ve ve ve ve ve ve ve ve ve
1
1 2 3 4 5 6 7 6 9 1
1
0
10 50 141 140 1.36 1.36 1.34 134 132 132 1.30 1.26 1.28
0 32 1.53 151 1.47 1.45 1.42 141 139 1.38 1.34 132 131
10 14 1.63 1.60 1.56 152 1.49 147 145 144 1.39 1.36 1.34
-20 -4 173 1.70 1.64 160 1.56 154 151 149 1.44 1.40 137
-30 -22 1.63 1.78 172 167 163 160 157 1% 1.46 1.44 1.40

Table C 3: Non-enclosed Indoor and Outdoor Switches
Switch Part Normal Loadability Factors (LF) for Various Ambient Temperatures
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Maximum ACCC Designation
Ambient
Temperature
Q033 PO,2 NO1 RO0O4 S05 TO6 Uo7 V08 W09 X010 Y011
0
C °f
60 140 0.00 C 0.45 C 0.58 C 0.67 C 0.74 C 0.84 C 0.86 C 0.92 C 1.00 C 1.05 C 1.09 C
ur ur ur ur ur ur ur ur ur ur ur
v v v % v v v % v % Vv
e e e e e e e e e e
y
Q p N R S T u Vv W X
50 122 0.71 0.77 0.82 0.87 0.90 0.96 0.98 1.02 1.07 1.10 113
40 104 1.00 1.00 100 103 1.04 1.08 108 1.11 1.13 1.15 1.17
30 86 | 122 | C | 118 | CQ 115 116 1.16 118 118 1.19 1.20 1.20 1.20
ur ur
v v
e e
3 2
ot -7 120 196 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22 122
C C C C C C C C C
20 68 141 1.34 129 | ur| 129 | ur| 128 wur| 128 ur| 126 | yr| 126 | yr| 125 | yr| 125 | ur| 124 | ur
ve ve ve % v v \ % v
e e e e e e
1 4 5 1
6 7 8 9 1
1
0
10 50 1.58 148 1.41 1.40 1.38 1.36 1.35 1.34 1.31 1.29 1.28
0 32 1.73 1.61 1.53 1.51 1.47 1.45 1.42 141 1.36 1.34 1.31
-10 14 1.87 1.73 1.63 1.61 1.56 1.53 1.50 1.47 141 1.40 1.35
-20 -4 2.00 1.84 1.73 1.70 1.64 1.60 1.56 154 1.46 1.42 1.38
-30 -22 2.00 1.95 1.83 1.78 1.72 1.67 1.63 160 1.51 1.46 141

Table C - 4: Enclosed Indoor and Outdoor Switches
Switch Part Normal Loadability Factors {LF) for Various Ambient Temperatures
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Maximum ACCC Designation

Ambient
Temperature

A0l 802 CO03 D04 EO5 FO6 GO7 HOB 109 JO10 KO11

0 0

C F

60 140 1.00 1.03 1.04 1.08 1.08 1.11 1.11 1.13 1.15 1.16 1.18
50 122 1.15 117 1.16 1.18 1.18 1.19 1.18 1.20 1.20 1.20 1.21
40 104 1.29 1.29 1.27 1.28 1.26 1.27 1.26 1.26 1.25 1.24 1.24
35 95 1.35 1.35 1.33 1.32 1.30 1.30 1.29 1.29 1.27 1.26 1.26
30 86 141 1.40 1.38 1.36 1.34 1.34 1.32 1.32 1.30 1.28 1.28
25 77 1.47 1.46 1.42 141 1.38 1.37 1.36 1.35 1.32 1.30 1.29
20 68 1.53 151 1.47 1.45 1.42 1.41 1.39 1.38 1.35 1.32 1.31
10 50 1.63 161 1.56 1.53 1.49 1.47 1.45 1.44 1.39 1.36 1.34

0 32 1.73 1.70 1.64 1.60 1.56 154 1.51 1.49 1.44 1.40 137
-10 14 1.83 1.78 1.72 1.67 163 1.60 1.57 1.54 1.48 1.44 1.40
-20 -4 1.92 1.87 1.80 1.74 1.69 1.65 1.62 1.59 1.52 1.47 1.43
-30 -22 2.00 1.95 1.87 1.80 1.76 1.71 1.68 1.64 1.56 151 1.45

Table C -5: Non-enclosed Indoor and Outdoor Switches

Switch Part Emergency Loadability Factors (ELF) for Various Ambient Temperatures
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Maximum

ACCC Designation

Ambient
Temperature
Q033 PO, 2 NO1 RO4 S05 TO6 uo7 V08 W09 X010 YO11
| %F
I
60 140 1.00 1.00 100 1.03 1.04 1.08 1.08 1.11 1.13 1.15 1.17
50 122 122 118 115 1.17 1.16 118 1.18 119 1.20 1.20 1.21
40 104 1.41 134 1.29 129 1.27 1.28 1.26 1.27 1.25 125 1.24
35 95 1.50 1.41 135 135 133 132 1.30 1.30 1.28 1.27 1.26
30 86 158 1.48 141 140 1.38 136 1.3 134 131 129 1.28
25 77 166 155 147 146 1.42 1.41 1.38 137 1.34 131 1.30
20 68 1.73 161 153 151 1.47 1.45 1.42 1.41 136 1.33 1.31
10 50 187 173 163 1.61 1.56 153 1.49 1.47 1.41 1.38 1.35
0 32 2.00 1.84 1.73 170 1.64 160 1.56 1.54 1.46 1.42 1.38
-10 14 200 1.95 183 1.78 1.72 167 1.63 1.60 151 1.46 1.41
-20 -4 2.00 2.00 1.92 187 1.80 174 1.69 1.65 156 1.50 1.44
-30 -22 200 2.00 2.00 195 1.87 1.80 1.76 1.71 160 1.54 1.47

Switch Part Emergency Loadability Factors (ELF) for Various Ambient Temperatures

Table C-6: Enclosed Indoor and Outdoor Switches
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APPENDIX PL-2.D - Wave Traps

Wave trap ratings are discussed in several sources. The ratings for the older wave traps in which the
main coil is designed as a single-phase, air-cored inductor of the dry type are discussed in ANSI C93.3-
1981, Requirements for Power-Line Carrier Line Traps and in Westinghouse Electric's Curve No.
511545 (Copy included in this Appendix). The ratings of the newer type of wave traps consisting of a coil
of wire encapsulated in an epoxy resin are not covered in an ANSI/IEEE standard. The ratings for this
type of wave trap were developed based upon guidelines supplied by the manufacturer, Trench Electric,
(Copy included in this Appendix). In general, the rated continuous current for wave traps is based on the
maximum permissible temperature rise limitations of the wave trap when it is carrying rated current at an
ambient temperature of 40°C. The total temperature of the wave trap under service conditions depends
both on the actual load current and the actual ambient temperature. It is, therefore, possible to operate at
a current higher than rated continuous current when ambient temperature is less than 40°C, provided that
the allowable total temperature rise limitation is not exceeded.

Ambient-compensated continuous current ratings will be used for the normal seasonal circuit ratings of both
types of wave traps. These seasonal ratings will be based on the nameplate rating of the wave trap with an
adjustment made for changes in the rated continuous current due to changes in the ambient air temperature.
The ambient-compensated normal loadability factors for Dry-Type, Air-Cored Inductor wave traps are given
in Table D- 1 and were obtained from Westinghouse Electric's Curve No. 511545. The ambient-
compensated loadability factors for Epoxy-Encapsulated Inductor wave traps were developed from Trench
Electric's loadability curves and are given in Table D- 2. To determine the normal seasonal circuit rating,
simply multiply the wave trap's nameplate rating by the appropriate normal loadability factor. Interpolation
may be used to obtain loadability factors at ambients other than those specified in the tables.

Normal life expectancy will occur with a wave trap operated at or below its ambient-compensated normal
current rating. Any value of currents in excess of the ambient-compensated normal current ratings may
cause the designed temperature rise to be exceeded and may shorten the life expectancy of the wave
trap. For wave traps utilizing an air-cored inductor, an acceptable level of emergency overload current has
been determined and is specified in ANSI Standard C93.3-1981, Requirements for Power-Line Carrier
Line Traps. Ambient-compensated emergency current ratings will be used for the emergency seasonal
circuit ratings of wave traps utilizing an air-cored inductor. These seasonal ratings will be based on the
Four-Hour Emergency Overload Current-Carrying capability of the wave trap with an adjustment made for
changes in the continuous current due to changes in the ambient air temperature. The wave

traps may be loaded to this emergency level for a maximum of four hours per cycle. Before an emergency
load cycle, the wave trap loading must be at or below the normal seasonal loading level for at least two
hours.

The emergency seasonal circuit rating can be developed by simply multiplying the wave trap's nameplate
rating by the appropriate emergency loadability factor. The ambient-compensated emergency loadability
factors for Dry-Type, Air-Cored Inductor wave traps are given in Table D- 1 and were obtained from ANSI
Standard C93.3-1981, Requirements for Power-Line Carrier Line Traps. Interpolation may be used to
obtain loadability factors at ambients other than those specified in the tables.
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Loadability Factors
Average Ambient Air
Temperature
Normal 4-Hour Emergency
. _______________|
40°C 1.00 1.10
20°C 1.05 1.15
0
0C 1.10 1.20
-20°C 1.10 1.25

Table D- 1: Loadablhty Factors for Dry-Type Alr-Cored Inductor Wave Traps

Loadability Factors
Average Ambient Air
TemperaOure
Normal 4-Hour Emergency
. ___________________________________________________________________|
40°C 1.00 N/A
20°C 1.13 N/A
0
0cC 1.25 N/A
-20°C 1.36 N/A

Table D-2: Loadability Factors for Epoxy-Encapsulated Inductor Wave
Traps

Trench Electric, the manufacturer of the newer type of wave traps which consist of a coil of wire
encapsulated in an epoxy resin, has stated that no overload capability is available on this type of wave
trap. For this reason, no separate emergency rating will be assigned to this type of wave trap and the
ambient-compensated current rating will be used for both the circuit's normal and emergency ratings.
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July 16, 1985
Westinghouse Electric Corporation

Subject: Line Trap L oadings

Attached is one copy of the Appendix to ANSI Standard C93.3-1981 titled "Guide for Emergency Overload
Current Capability of Line Traps".

This guide is current and, all Westinghouse traps built since 1970 conforms to the overload capability
designated therein.

The Curve No. 511545 supplied applies to Westinghouse Line Traps built prior to 1970. Note that the

overload capability of traps 2000 amperes and below on this curve are the same as that specified in the
Standard. The larger traps were modified in design in order to conform to the Standard requirement.
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July 25, 1985
Trench Electric
Attached are three copies of the overload current U.S. temperature curves. General Electric did not send

any such information when we purchased their Line Trap division but the curves should be approximately
the same.
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Appendix PL-2.E

APPENDIX PL-2.E - Current Transformers

Current transformer ratings are discussed in ANSI/IEEE C57.13 IEEE Standard Requirements for

Instrument Transformers and in Westinghouse Electric's technical paper titled "Memorandum
on Thermal Current Characteristics of Current Transformers Used With Power Circuit
Breakers and Power Transformers" (Copy included in this Appendix). In general, the rated
continuous current for current transformers is based on the maximum permissible temperature limitations
of the varibus parts of the current transformer when it is carrying rated current at a 24-hour average
ambient temperature of 30°C (with a maximum hourly temperature of 40°C). The total temperature of
these parts under service conditions depends both on the actual load current, the actual average
ambient temperature, and the service environment of the current transformer. Depending on the
environment, it is, therefore, possible to operate at a current higher than rated continuous current when
the average ambient temperature is less than 30 °C, provided that the allowable total temperature limit
is not exceeded.  Similarly, when the average ambient temperature is greater than 30°C, the current
must be reduced to less than rated continuous current to keep total temperatures within allowable limits.

The environmentin which a currenttransformer operates has a large effect on the current-carrying
capability of the current transformer. Separately mounted current transformers have been assigned rated
primary and secondary currents and continuous-thermal-current rating factors by the manufacturer.
Separately mounted current transformers are designed to meet these characteristcs by the independent
control of such parameters as: current density in the primary and secondary windings, geometry, area of
radiating surfaces, and heat transfer characteristics.  Permissible loading as a function of ambient
temperatures and continuous-thermal-current rating factors, and permissible overloading under
emergency conditions, is covered in ANSIIEEE C57.13 IEEE Standard Requirements for
Instrument Transformers.

Bushing current transformers mounted in power circuit breakers and power transformers differ from
separately mounted current transformers in that the design parameters cannot be independently controlled
since they are restricted by the characteristics of the power apparatus in which they are mounted. Bushing
current transformers, when attached to various power apparatus, are subjected to wide variations in their
environmental ambient temperature. This variation is dependent upon the thermal characteristics of the
power apparatus and the relative current loading with respect to the rated current of the power apparatus and its
bushing current transformer. For this reason, continuous-thermal-current rating factors are not typically
calculated by the manufacturer for bushing current transformers. Instead, the continuous-thermal-current

rating factors must be determined for each application. Permissible loading and permissible overloading of
bushing current transformers is covered in Westinghouse Electric's technical paper tiled "Memorandum on
Thermal Current Characteristics of Current Transformers Used With Power Circuit Breakers
and Power Transformers"”.

Ratin rately Moun rrent Transformers: The maximum continuous-thermal-current ratings
for separately-mounted current transformers designed for 55°C temperature rise above 30°C average
ambient air temperature will vary according to actual ambient cooling air temperature. The adjusted

continuous current ratings will be based on three items:
1  The nameplate primary and secondary current ratings at the ratio setting being used.

2. The average cooling air temperature at which the rating is being calculated. Note: The maximum
cooling air temperature must not exceed the average cooling air temperature by more than 10°C.

3. The ambient-adjusted Continuous-Thermal-Current rating factor from Table E - 1. The value used

from this table is based upon the nameplate Continuous-Thermal-Current rating factor of the current
transformer and the average ambient air temperature.
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Average Nameplate Continuous-Thermal-Current Rating Factor

Cooling
Temperature
(C)
1.00 1.33 1.50 2.00 3.00 4.00
I EEEE——
60°C 0.65 0.85 1.00 1.35 2.00 2.70
50°C 0.80 105 1.20 160 2.40 3.20
40°C 0.90 1.20 135 1.80 2.70 3.65
e ... ________________ _______________ ]
30°C 1.00 133 1.50 2.00 3.00 4.00
\ .. _____________________________ __________________________________ |
20°C 1.05 1.45 1.65 2.20 3.30 4.35
10°C 1.20 155 1.75 2.35 3.50 4.70
0°C 130 1.65 1.85 2.45 3.70 5.00

Table E -1: Ambient-Adjusted Continuous-Thermal-Current Rating Factors

The ambient-adjusted continuous-thermal-current rating of a separately-mounted current transformer is equal
to the ambient adjusted continuous-thermal-current rating factor multiplied by rated primary current of the
current transformer at the ratio specified. According to ANSI/IEEE C57.13-1978, IEEE Standard
Requirements for Instrument Transformers, no overload capability is available on separately-
mounted current transformers. For this reason, normal rating of the separately-mounted current
transformer will be used for both the normalseasonal circuit rating and the emergency seasonal circuit rating.

Example: The following example should serve to clarify this process:
Problem:
(a) Determine the summer seasonal normal and emergency ratings for a separately-mounted current
Transformer operating on a 2000:5 amp ratio with a nameplate Continuous-Thermal-Current rating of
1.50. Assume the average ambient air temperature is 30°C with a maximum temperature of 40°C for
the summer period.
(b) Determine the winter seasonal normal and emergency ratings for this same separately-mounted
current -transformer assuming an average ambient air temperature of 0°C wth a maximum
temperature of 10 C for the winter period.
Solution
(@ From Table E - 1, the 30°C ambient-adjusted Continuous-Thermal-Current rating factor for a
separately-mounted current transformer with a nameplate Continuous-ThermaktCurrent rating factor
of 1.50 is 1.50 (They are the same due to the fact that the nameplate C-T-C rating factor is developed
at an average ambient of 30°C). The normal and emergency summer ratings would then be equal to:

Ambient-Adjusted C-T-C R.F. @ 30°C » Rated Primary Current of CT Ratio

or

1.50 “ 2000 amps = 3000 amps
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For operation at 30°C, both the Summer Normal and Emergency ratings of current transformer would
be 3000 amps. Note: When the primary current is 3000 amps, the secondary current would be 7.5
amps due to the 2000:5 ratio used in the current transformer.

(b) From Table E - 1, the OOC ambient-adjusted Continuous-Thermal-Current rating factor for a
separately-mounted current transformer with a nameplate Continuous-Thermal-Current rating factor
of 1.50 is 1.85. The normal and emergency summer ratings would then be equal to:
. . 0 . .
Ambient-Adjusted C-T-C R.F. @ 0 C *Rated Primary Current of CT Ratio
or

1.85 * 2000 amps = 3700 amps

For operation at 0°C, both the Winter Normal and Emergency ratings of current transformer would be
3700 amps. Note: When the primary current is 3700 amps, the secondary current would be 9.25
amps due to the 2000:5 ratio used in the current transformer.

ing Bushin rrent Transformers Moun in Power A r . The continuous current rating of

current transformers mounted in power circuit breakers or power transformers is determined as follows:

1

When the bushing current transformer ratio being used has the same primary current rating as the
breaker continuous current rating or the power transformer rated current, the continuous current
rating factor of the current transformer is 1.0 (unity).

When the primary current rating of the ratio being used on the current transformer is greater than the
continuous current rating of the breaker or greater than the power transformer rated current, then the
maximum load current is limited by the breaker or power transformer rating, which ever is applicable.

When the primary current rating of the ratio being used is Jess than the continuous current rating of
the breaker or the power transformer rated current, then the maximum load current is limited by the
continuous thermal current rating of the current transformer when operating on that ratio. ~ Under
these conditions, the temperature rises of the current transformer and the power apparatus would be
lower, and therefore, the current transformer can be operated at a continuous thermal rating factor
greaterthan 1.0. Inthis situation, the permissible continuous-thermal-currentrating factor is
calculated based upon constant maximum power dissipation, using the following equation:

[ 'pa 11/2
R.F.= | |
L™ T, J
where

R.F. =Continuous-thermal-current rating factor
lpa = Power apparatus continuous current rating (amps)

|« = Primary current rating of bushing
current transformer ratio used (amps)

The results calculated from this equation should be so limited that the maximum rating factor does

not exceed 2.0 and that the continuous current rating of the breaker or the rated current of the power
transformer is not exceeded.
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Note: The situation, in which the primary current rating of the current transformer ratio being used
is less than the continuous current rating of the breaker or the power transformer rated current, is
an unusual case and should be viewed as the exception rather than the rule.

The normal rating of a bushing current transformer is equal to the continuous-thermal-current rating factor
multiplied by rated primary current of the current transformer at the ratio specified.

Some short-term emergency overload capability is typically available on bushing current transformers
mounted on power circuit breakers and power transformers. However, when utilizing this emergency
overload capability, care must be taken to coordinate the loading limit of the current transformer with the
overall application limitations of the other equipment affected by the current transformer loading. Particular
care should be taken to avoid exceeding the maximum metering capablity of metering equipment attached to
the current transformer secondary.
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APPENDIX PL-2.F

APPENDIXPL-2.F - Circuit Breakers

Circuit breaker ratings are discussed in ANSI/IEEE C37.010- 1EEE Application Guide for AC
High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis and in ANSI/IEEE
C37.010b-IEEE Standard for Emergency Load Current-Carrying Capability. These
standards discuss the development of ratings for circuit breakers from the standpont of the
manufacturers. From a practical standpoint. the application of the methods discussed in these
standards to circuit breakers in operation will be very difficult. due to the fact that this application
would require contacting the manufacturer for detailed design information for each circuit breaker
being rated. Therefore, it is recommended that for any circuit breakers which do not limit flows on
the transmission system, the nameplate rated continuous current be used as the circuit breaker's
normal and emergency circuit ratings. For circuit breakers which limit flows on the transmission
system, the manufacturer could be consulted and ambient-compensated normal and emergency
ratings could be developed for the circuit breaker using the methods described in the ANSI/IEEE
Standards. These methods are described in the remainder of this Appendix.

In general, the rated continuous current for circuit breakers is based on the maximum permissible
temperature limitations of the various parts of the circuit breaker when it is carrying rated current
at an ambient temperature of 40°C. The total temperature of these parts under service conditions
depends both on the actual load current and the actual ambient temperature. It is, therefore,
possible to operate at a current higher than rated continuous current when ambient temperature is
less than 40°C, provided that the allowable total temperature limit is not exceeded. Similarly,
when the ambient temperature is greater than 40°C, the current must be reduced to less than
rated continuous current to keep total temperatures within allowable limits.

Ambient-compensated continuous current ratings will be used for the normal seasonal
circuit ratings of outdoor circuit breakers. These seasonal ratings will be based on the
nameplate rating of the circuit breaker with an adjustment made for changes in the rated
continuous current due to changes in the ambient air temperature. The seasonal loading
limit shall be coordinated with the overall application limitations of the other equipment
affected by the loading of the circuit breaker, such as cables and current transformers.
(See other appropriate appendices to determne limitations on the other equipment.) For
circuit breakers used in metal-clad switchgear, no seasonal ratings will be calculated.
Instead, the loading limit shall be coordinated with the overall application limitations of the
switchgear.

The seasonal normalcircuit breaker ratings can be determined in the following manner:

A circuit breaker's rated continuous current is based on the maximum permissible total
temperature limitations, @max" and &, of the various parts of the circuit breaker when it is
carrying rated current at an ambient temperature of 40°C. The constructional features of a
circuit breaker dictate the appropriate values of @max and &, to be used in the calculation of
ambient-compensated ratings. The major components of a circuit breaker have several
different temperature limitations which are shown in Table F - 1.

In order that none of these temperature limitations be exceeded when the load current is
Adjusted to the value permitted by the actual ambient temperature, the values of @max and

0, should be determined as follows:

@) If the actual temperature is Jess than 40°C, the applicable component with
the highest specified values of allowable temperature limitations should
be -used for determining &@max and &,.

(b) If the actual temperature is greater than 40°C, the appicable component
with the lowest specified values of allowable temperature limitations
should be used for determining Dmax and &,.
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Limit of limit of

Temperature Total
Rise, °C Temperature, *C
a3, Dmax

Component Description

Circuit breaker parts handled by the operator in 10 50
the narmal course aof his duties

Copper contacts, copper-to-copper conducting 30 70
joints, external surfaces accessible to the
operator in the normal course of his duties,
external terminalconnected to hiishina

Too oil 40 20
Breaker terminals to be connected to 85"C 45 85
insulated cable

Hottest spot temperature of parts where they 50 90
contact oil; silver (or equal) contacts in oil;Silver

(or equal) conducting ioints in oil

Silver (or equal) contacts in air; silver (or equal) 65 105
conducting joints in air, hottest spot of bushing
conductor or of bushing metal parts in contact
with Class A insulation or with oil; hottest spot
winding temperature 55"C rise of current
transfarmers

External surfaces not accessible to an operator in 70 110
|__the narmal course of his duties

Hottest spot winding temperature of BO"C dry- 110 150
type current transformers

Table F - 1: Summary of Temperature Lim1tatlons for C1l-rcult Breaker Components

2. The continuous current which a circuit breaker can carry at a given ambient temperature
without exceeding its total temperature limitations is given by the formula:

I gmax-@a 1/1.8

L D

= allowable continuous load current, in amperes, at the actual ambient
temperature Q, (1, is not to exceed two times |,
rated continuous current, in amperes
Omax — allowable hottest spot totaltemperature (Omax = O, + 40°C), in
degrees Celsius
O0a = actualambient temperature expected (between -30°C and 60°C), in
degrees Celsius
0, = allowable hottest spot temperaturerise at rated current, in degrees
Celsius

3. The ambient-compensated allowable continuous load current, la. calculated in Step 2 will
be treated as the seasonalnormalrating of the circuit breaker.
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1 Normal life expectancy will occur with a circuit breaker operated at continuous nameplate rating.
: When operated for one or more load cycles above nameplate rating, the materialused in
manufacturing the circuit breaker deteriorates at a faster rate than normal. The rate of
\2/{/(7\ Ve deterioration is commonly expressed as a percentage loss of life. Accordingto ANSI/IEEE

\[Zﬂ“‘( C37.010b- IEEE Standard for Emergency Load Current-Carrying Capability, a circuit
breaker can experience operation at 10°C above the limits of total temperature for which the
circuit breaker was designed for up to two periods of an emergency cycle of eight hours before an
unreasonable loss of life occurs and maintenance is required. Inspection and maintenance must
be performed in accordance with manufacturer's recommendations before the circuit breaker can
be subjected to additionalemergency cycles. In addition, following each emergency cycle, the
load current shall be limited to 95% of the rated continuous current as modified by ambient
compensation for a minimum of two hours.

Ambient-compensated emergency current ratings will be used for the emergency seasonalcircuit
ratings of outdoor circuit breakers. These seasonal ratings will be based on the Eight-Hour
Emergency Load Current-Carrying capability of the circuit breaker with an adjustment made for
changes in the continuous current due to changes in the ambient air temperature. The seasonal
emergency loading limit shall be coordinated with the overall application limitations of the other
equipment affected by the loading of the circuit breaker, such as cables and current transformers.

The seasonalemergency circuit breaker ratings can be determined in the following manner:

1 Emergency load current-carrying capability factors with ambient temperatures at 40°C are
listedin Table F- 2 for each limiting temperature of various circuit breaker components.
The factors have been selected to allow operation at 10aC above the limits of total
temperature for an emergency period of eight hours. The factors are expressed as the
ratio of emergency load current allowed at an ambient temperature of 40°C, 1= to the
rated continuous current,l,, and can be applied with the following restrictions:

(@)  The.circuit breaker component with the highest values of limiting temperature,
Omax and O,. shall be used to select the proper emergency load current-carrying
capability factor from Table F- 2.

(b)  The Eight-Hour factor shall be used for a cycle of operation consisting of separate
periods of no longer than eight hours each, with not more than two such
occurrences before maintenance.

(c) Each cycle of operation is separate, and no time-current integration is permissible
to increase the number of periods within a given maintenance cycle.

Limiting Temperatures (°C) of Different Breaker Components

max 70 80 85 90 105 110 150

DB, 30 40 45 50 65 70 110
|

117 1.13 1.11 1.10 1.08 1.07 105

Table F- 2: Emergency Load Current. Carrying Capablhty Factor (1)
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The emergency load current, l== of a circuit breaker operating at an ambient temperature other
than 40°C can be calculated by the equation:

[ o -0a 148  1/1.8

-1
L @, 1, )
where

l.a =emergency load current, in amperes, at the actual ambient temperature 0. (lea is
not to exceed twotimes 1)

1 = Rated continuous current, in amperes
_ emergency load current, in amperes, at 40°C ambient temperature
Dmax = allowable hottest spot total temperature (Omax =0, + 40°C), in

degrees Celsius

.= actualambient temperature expected (between -30°C and 60°C}, in
degrees Celsius
@, = allowable hottest spot temperature rise at rated current, in degrees

Celsius

— — emergency load current-carrying capability
l, factor from Table F - 2

The ambient-compensated emergency load current, leas calculated in Step 2 will be treated as the
seasonalemergency rating of the circuit breaker.
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Appendix PL-3

Southwest Power Pool Generator Owner/Operator
Excitation System Summary Report

Instructions: Generator Owner/Operator shall fill out summary information for all units under
your control concerning the number of hours the Excitation System was not operated in
Automatic Voltage Control Mode.

Generator
Owner/Operator

Month Reporting Data

Contact Name

Contact Phone

Station Unit # # Hours Excitation System not operated in
Automatic Voltage Control Mode

Dev. February, 2001
By SPP GWG




Appendix PL-3

Southwest Power Pool
Generator Unit Excitation System Status Report

Instructions: Generator Owner/Operator shall fill out information concerning the frequency and
duration of events of a particular generating unit’s excitaton system not being operated in
automatic voltage control mode.

Generator
Owner/Operator

Generating Unit

Month Reporting Data

Contact Name

Contact Phone

Date (unit not Unit # Reason unit’s excitation system was
operated in operated out of automated voltage control
automatic mode) mode

Dev. February, 2001
By SPP GWG



Appendix PL-3

Southwest Power Pool Generator Owner/Operator
Voltage Schedule Requirements

Instructions: Control Area Operator shall specify voltage schedule to be maintained by each
Generator Owner/Operator’s units at a specified bus.

Generator
Owner/Operator

Control Area

Voltage Schedule Date

Contact Name
(Control Area)

Contact Phone
(Control Area)

Station

Unit #

Specified Voltage

Specified Bus

Dev. February, 2001
By SPP GWG




Appendix PL-3

Southwest Power Pool Generator Unit

Voltage Schedule Status Report

Instructions: Generator Owner/Operator shall fill out information concerning the frequency and
duration of periods in which particular generating units did not adhere to control area’s prescribed
voltage schedule. If event was approved by control area operator, please attach written approvals.

Generator

Owner/Operator

Generating Unit

Month Reporting Data

Contact Name

Contact Phone

Date

Duration
(hr:min)

Reason unit did not adhere to voltage
schedule

Approved
(yes/no)

Dev. February, 2001




Appendix PL-3
By SPP GWG

Southwest Power Pool
Control Area’s List of Exempt Generators

Instructions: Control Area Operator shall list units in their area of responsibility that are exempt
from following prescribed Control Area Voltage Schedules.

Control Area
Operator

Last Updated

Contact Name

Contact Phone

Generator Owner/Operator | Generating Station Unit

Dev. February, 2001
By SPP GWG



Appendix PL-3

Southwest Power Pool
Generator Unit Transformer Tap Setting Report

Instructions: Generator Owner/Operators shall fill out information concerning the tap settings
and impedances of all GSU and AUX transformers under their control.

Generator
Owner/Operator

Generating Station

Last Updated

Contact Name

Contact Phone

GSU/AUX Current Tap Tap Setting Range Transformer
Transformer 1.D. Setting Impedence (OA
Base)

Dev. February, 2001




Appendix PL-3

By SPP GWG

Southwest Power Pool
Generator Unit Transformer Tap Setting Change Request

Instructions: Control Area Operator shall complete information necessary to let affected
Generator Owner/Operator know of needed Generator Unit Transformer settings changes.

Generator
Owner/Operator

Generating Station

Control Area

Date

Contact Name
(Control Area)

Contact Phone
(Control Area)

GSU/AUX Current Tap New Tap Setting | Technical Justification
Transformer Setting for Tap Setting Change
1.D.

Dev. February, 2001



Appendix PL-3

By SPP GWG

Southwest Power Pool
Generator Units Exempt from Tap Setting Reporting Procedures

Instructions: Generator Owner/Operators shall fill out information for all units under their
control that are exempt from Transformer Tap Setting Procedures. The criteria that is met must

also be documented

Generator
Owner/Operator

Control Area

Date

Contact Name
(Control Area)

Contact Phone
(Control Area)

Generating Unit # Exemption Criteria Met
Station

Dev. February, 2001



Appendix PL-3

Southwest Power Pool
Voltage Regulator Control Setting Status Report

By SPP GWG

Instructions: Generator Owner/Operators shall fill out information for all units under their

control.

Generator
Owner/Operator

Generating Unit

Date

Contact Name

Contact Phone

Generating
Control

Control Setting

Generator Short Term
Capability

Protective Relay
Setting

Overexcitation
Limiter

Underexcitation
Limiter

Volts/Hertz
Limiter

Dev. February, 2001
By SPP GWG




Appendix PL-3

Southwest Power Pool

Generator Governor Characteristic Reporting

Instructions: Generator Owner/Operators shall fill out information for all units under their

control.

Generator
Owner/Operator

Generating Unit

Last Updated

Contact Name

Contact Phone

Governor Control

Control Setting

Speed Regulation

Dev. February, 2001
By SPP GWG




Appendix PL-3

Southwest Power Pool
Non-Functioning Governor Controls

Instructions: Generator Owner/Operators shall fill out information for all units under their
control that has a non-functioning or a blocked speed/load governor control.

Generator
Owner/Operator

Last Updated

Contact Name

Contact Phone

Generating Station Unit Governor Status
(Blocked/Non-functioning)

Dev. February, 2001
By SPP GWG



Appendix PL-3 - SPP Misoperation Report

Reporting Utility:

Date:

Contact Person:

Name

Phone

Fax

E-Mail

Address

Equipment Category and Operating Voltage:

DME (Yes/No): TPS (Yes/No): GCP (Yes/No):
SPS (Yes/No): UFLS (Yes/No): UVLS (Yes/No):
ARL (Yes/No): Voltage (kV):
Time, Equipment Location & Description:

Incident Date: Incident Time: Time Zone:
Relay MFGR: Relay Type: Relay Flags:
Substation Name/Number: Line/Bus/Auto/Unit Name/No.: Circuit Breaker Numbers:

Description of Misoperation/Failure:

Investigation Results:

Corrective Action:

Target Date To Complete Recommendations:

Recommendations:

Person Verifying That Al Corrective Actions And Recommendations Have Been

Completed:

| Name: | Title:

| Date:

Note: Equipment categories include DME — Disturbance Monitoring Equip, TPS — Transmission
Protection Systems, GCP — Generator Control & Protection, SPS — Special Protection Systems, UFLS —




Appendix PL -4 — Response Factor Thresholds June 2. 2004

Factor | Short-term |Long-term *| Date Approved Comments
PTDF 3% 3% 4/27/2004
OTDF 3% 3% 4/27/2004
PTVF 0.02 p.u. 0.02 p.u. 12/12/2001
TRM 0% 12/12/2001 See SPP website for short-term TRM
* Long-term factors apply to all elements above 60kV.




Appendix PL-6 — Interconnection Review Process Details

This appendix shall be subject to review and approval of the Transmission Working
Group. Given the limited amount of time during a regular Transmission Working Group
meeting, and given the need for timely responses, the majority of the interconnection
review process will take place outside of a regular meeting. A Transmission
Assessment Report will be prepared by the parties to the proposed interconnection and
presented to the TWG for review. Once received, the Transmission Working Group will
review the information provided in the assessment of impacts on the interconnected
system. This appendix details the technical requirements which shall be the minimum
necessary.

Coordination

1. The party proposing the interconnection shall appoint a person who will serve as
the primary contact with SPP staff and with the Transmission Working Group.

2. If the proposal for interconnection comes from the SPP, then SPP shall appoint
its primary contact.

3. The primary contact shall ensure that all affected parties are identified, shall
provide a proposed timeline for the studies shall ensure that all affected parties
are notified of and kept informed of progress, and provided the opportunity to
review all study results prior to submission to the Transmission Working Group.
The rationale for determining affected parties shall be included.

4. The primary contact shall coordinate any joint studies that may be necessary and

shall report the results to all affected parties.

All affected parties shall cooperate in joint planning efforts.

All affected parties will work together to develop an estimated timeline for the

completion of the study.

7. SPP shall coordinate activities that affect other regions pursuant to an applicable
seams agreement.

o o0

Prior To The Review

Affected parties shall jointly develop and evaluate both the proposed interconnection and
any mitigation plans. The primary contact shall submit a request for review of the
interconnection request to the Transmission Working Group through the group’s
Secretary. The request for review shall include the following:

1. Alist of all affected parties and the contact person at each affected party. The
rationale for determining affected parties shall be included.

2. A brief summary of the results of planning studies. Each affected party shall
provide a copy of its own planning criteria as documentation of the need of
mitigations that exceed regional requirements.

3. A detailed description of the project including: in-service date; design information;
ratings of the interconnection; a geographic map of the interconnection area;
electrical one-line diagrams of the facilities being connected.

4. A summary of the results of power flow, short circuit, and dynamic analyses
specifically addressing compliance to NERC Reliability Standards, SPP Criteria,
other regional requirements, and affected party planning criteria.

5. Appropriate program files and program automation files to allow SPP staff to
reproduce the studies performed.

6. Details of any required mitigation plans including identification of the parties
responsible for mitigation. The detailed description of mitigation plans shall
include such information as detailed in Iltem 3 above.




7.

Any comments of the affected parties.

Technical Study Reguirements

The following are minimum requirements for power flow analysis:

1.

3.

4.

5.

Impact analysis shall be performed using an N-1 contingency assessment of all
single elements in the entire first-tier area of the combined areas which the
proposed interconnection connects. This area maybe expanded or reduced as
mutually agreed upon. The rationale for expansion or reduction of the study area
shall be documented and agreed upon by all affected areas.

N-1 contingency assessment shall not be limited to a breaker-to-breaker outage
assessment, but such assessment may also be included.

A review of impacts shall utilize all applicable Scenario Cases developed by the
SPP extending to the planning horizon year.

If, at any time, impacts are identified affecting a nuclear power plant, it shall be
included separately as an affected party.

Affected parties shall report adverse impacts and required mitigations.

The TWG may request additional studies at its discretion. The rationale for requesting
additional studies shall be provided to all affected parties. If the proposed
interconnection was previously evaluated by SPP and included in the most recent STEP,
the power flow analysis described here does not need to be repeated.

The following are minimum requirements for short circuit analysis:

1.

2.

3.

4.

5.

The model(s) assessed shall be determined by the affected parties. The
rationale for the model(s) assessed shall be included

Assessment shall consist of 3-phase and phase-to-ground faults applied at the
buses of the proposed interconnection plus all first-tier buses to the
interconnection.

Additional buses may be studied as mutually agreed upon and documentation for
including such additional buses shall be included.

Assessments shall document the before and after fault currents on all monitored
busses.

Affected parties shall report adverse impacts and the required mitigation.

The following are minimum requirements for dynamics analysis:

1.

The model(s) assessed shall be determined by the affected parties. The
rationale for the model(s) assessed shall be included. If no dynamics analysis is
performed the rationale for not performing such studies shall be provided.

The assessments performed shall be determined by the affected parties. The
rationale for the assessments shall be included.

Assessments shall document the before and after dynamic performance on all
monitored busses.

Affected parties shall report adverse impacts and the required mitigation.

If the interconnection is to be made at 345 kV or higher voltage, an assessment
of reactive power impacts and management shall be made and provided for
review. This assessment may include but is not limited to power flow, transient
network analysis, or electromagnetics transients studies, insulation coordination
studies and dynamics studies clearly indicating any required levels of shunt
compensation.

Dispute Resolution




All disputes between SPP members shall be resolved using the procedures of Section
3.13 of the SPP Bylaws.

Review and Ballot by the Transmission Working Group

1.

2.
3.

The Transmission Working Group Secretary shall review the request for
interconnection for completeness.

Any deficiencies shall be reported to the primary contact.

Once a complete request is received, it shall be forwarded to the Transmission
Working Group for a 14 day review and comment period.

The primary contact shall be responsible for coordinating any response necessary to
comments and questions raised by the Transmission Working Group.

The Transmission Working Group shall schedule a ballot to accept or to reject

the interconnection request.

Any action taken by the Transmission Working Group will be included in the minutes.

Transmission Interconnection Review Data Checklist

PwpdE

o a

Primary contact and all affected parties’ contact information.
Overview of the proposed interconnection and its need.
Estimated or proposed in-service date.
List of all studies run by season.

a. Power flow studies minimum requirements met. b. Short

circuit studies minimum requirements met. c. Dynamics studies

minimum requirements met.
Affected parties planning criteria, if applicable.
A detailed description of the proposed interconnection. a. In-

service date

b. Design information

c. Ratings of the interconnection

d. A geographic map of the interconnection area

e. Electrical one-line diagrams of the facilities being connected.
Appropriate program files and program automation files to allow SPP staff to reproduce
the studies performed.
Details of any required mitigation plans including identification of the affected
parties responsible for mitigation. a. In-

service date

b. Design information

c. Ratings of the facilities

d. A geographic map of the facility area

e. Electrical one-line diagrams of the facilities being connected.
Comments of affected parties covering agreement or points of disagreement of the proposed
interconnection, if any.

The Transmission Working Group shall review and modify this appendix as needed but not less
frequently than once every 3 years.
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