PG&E Transmission Interconnection Handbook

Table of Contents

TABLE OF CONTENTS ..o iiiiircirerrrssmr e e ssssmn e e s ssssmr e s sessmn e s essssne e s eassnn e e e easannn e e ensssnneeeenssnnenseansnnnennanss 1
UPDATE HISTORY .....iieiiiceerriesemre e s ssesme e s ssssme e e s ssssmne e e esssmme e e s s smn e e s ssssmmeenesssamneessessmneesssssnnnensssssnnens UP-1
INTRODUGTION .......coiiiiiieiiecmr e e ssss e e s s s s sme e e s ssssme e e s ssssmn e e s ss s mme e e e e smn e e s easmneeseessnmneesensamneessessnnnessnnsannes IN-1
-1 PURPOSE ...ttt ettt ettt e e e ettt e e e e bttt e e e e ante e eeeesbteeeeeeanbaeeeeeanbeeeeeeaanteeeaeeanes IN-1
[-2. INTRODUCTORY DEFINITIONS ...ttt et e e e e e e s e e e e e e e e e e s e e asnnenreneeees IN-1
[-3. HANDBOOK APPLICABILITY ..etttetiiiiie e i e ettt et e e e e e e s s st ee e e e e e e s s ssnsnnasaneeeeaaeeesansnnssnsenneees IN-2
I-3.1. New Load, New Transmission and Generation FacilitieS ..............coeeieeiiiiiiieeiiiiee e, IN-2
[-3.2. Existing Load or Transmission FaCIlities ...........c.ooiiiiiiiiiiii e IN-2
[-3.3. Existing Generation FacCilities .............ooiiiiiiiiii e IN-3
[-4. ELECTRIC INDUSTRY RESTRUCTURING........ooiiiiiiiii e IN-3
[-5. PROCEDURES FOR DEVELOPING TRANSMISSION PLANS AND COORDINATED JOINT
STUDIES ..ottt ettt e ettt e e et et e e s aaseee e e e s ssbeeeeeanssaeee e e nsbeeeesanssaeeeeaansteeeeeansteaeeennnres IN-4
[-5.1. Procedures for Developing TransmisSion Plans..........c.c.cooeiiiiiiie it siee e IN-4
[-5.2. Procedures for Coordinated JOiNt STUAIES .........c.ueiiiiiiiiiiei e IN-5
[-6. ORGANIZATION OF TRANSMISSION INTERCONNECTION HANDBOOK .......cccctviieeiiiiiieeeee IN-5
[-7. STANDARD AND PROJECT-SPECIFIC INTERCONNECTION REQUIREMENTS .........cccceennee IN-6
[-8. CUSTOMER-OWNED EQUIPMENT REQUIREMENTS ......ottiiiiiiiieee e IN-6
[-9. COMPLIANCE WITH NERC INTERCONNECTION STANDARDS ........cccoiireeee e IN-7
[-10. GENERAL RECOMMENDATIONS CONCERNING THE CONTENTS OF LOCAL CEQA
DO CUMENT S .ttt ettt et e e e e e e e s e aee ettt eeeeaeeeeaaaanneeeeeeeeaeaaeeesaaaannnsananeeeaaeeeesaaaannnnnes IN-12
[-10.1. EIR adopted with significant and unavoidable impacts in any environmental impact
(2= 1 (=T (o] 4= T PP PP PRPOTPPPPN IN-12
[-10.2. First section in your dOCUMENT.......... .. e e s IN-12
[-10.3. Mitigation Measures V. APIMS ... .. et e e e eeeeas IN-13
[-10.4. NOt Obligating PG&E .......cco ettt e e e e ee e e e snnaeeaean IN-13
[ (ORI W Tor= 1 I @ o [ =g oY OSSP IN-13
[-10.6. Building Code EXEMPLION ......ccooiiiiieeeee e e e e e e aeeeas IN-13
[-10.7. General Worst-Case ASSUMPLIONS ........uiiiiiieeiiiiiiiiiieie e e e e e e st e e e e e e e e s raneeeeeeas IN-14
[-10.8. IMpact analySes SECHONS ........cooiiiiiiiii e neeeee s IN-14
R O R = g =Y oS IN-15
[-10.10. GHG @NAIYSIS ... e et e e e e e e e et e e e e e e e e e e s e s nnteeeeeeeaaaaaeeesaaannnnnneneeeees IN-13
g Ot I I 1 [ o P IN-16
[-10.12. SFa-SPECITIC APMS ...ttt et e e e e e e e e e e e e ennnneneeeeeeeas IN-16
L 0 1S . PR GL-1
SECTION L1-D: REVENUE-METERING REQUIREMENTS FOR DISTRIBUTION LOAD-ONLY
ENTITIES ... eeccre e ressr e e s ess s mr e s e s e e e e s sn e s ee s mn e e en s ame e e e e s mn e e een s nmneeeasasnneenensannneneanannennensan L1-D-1
PURPOSE ...ttt ettt e e e ettt e e e sttt e e e e asteeeeesanbteeeeesantaeeeesanbeeeaeeaanraneaennn L1-D-1
L1-D.1. REVENUE METERING REQUIREMENTS FOR LOAD ENTITIES.......ccccceiiiiiiieeiiiiieeee L1-D-1
L1-D.1.1. WhOIESAIE SEIVICE ......ueveiiieiiiieie ettt e e s e e e s st e e e e saeeeeeeens L1-D-1
L1-D.1.2. End Users (Retail SErviCe) .......ccooiiiiiiiiiiiiiiie e L1-D-1
L1-D.1.2.1. PG&E DireCt ACCESS RUIE 22...........ooiiiiiiiiiee ettt e e e L1-D-1
L1-D.1.2.2. PG&E, as an MSP, will provide, install, maintain and test the following meter equipment...L1-D-2
L1-D.1.2.3. PG&E, as an MDMA, will provide the following meter data services ............ccccceecvevinnnnnee. L1-D-2
L1-D.1.2.4. All PG&E Load Entities will provide, install and maintain................c.ccocooviiiiiiiiiin e L1-D-3
L1-D.2. REQUIREMENTS OF REVENUE-METERING POINT .......ocoiiiiiiiiiie e L1-D-3
L1-D.3. COMMUNICATION CIRCUITS ... .ottt ettt sttt e et e e e st ee e s snsaeeeeenns L1-D-3
L1-D.4. GROUND POTENTIAL RISE ...... ettt ettt ettt e et e e e e sneeeeeeeans L1-D-4
SECTION L1-T: REVENUE-METERING REQUIREMENTS FOR TRANSMISSION-ONLY AND LOAD-
ONLY ENTITIES ... ccccecirierrrssisssss s sssssnere s s s essssssssssssmmsns e s e s e s essasssssssnmmsnnesnssnsssnssssssnnnnnnnnnnnssnnsnnnnns L1-T-1
1 1 S L1-T-1

August 5, 2024 i



PG&E Transmission Interconnection Handbook

L1-T.1. REVENUE-METERING REQUIREMENTS FOR LOAD ENTITIES AND TRANSMISSION
ENTITIES CONNECTING LOAD TO THE PG&E TRANSMISSION SYSTEM........cccoiiiiiiiie.

L1-T-1
L1-T.1.1. WhOIESAIE SEIVICE ....ccee ittt e e e e e e e e e e e e e e e an L1-T-1
L1-T.1.2. End User (Retail SEIVICE) ....cciiueiiiiiiiiiiiie ettt e e s ennaeea s L1-T-1
I I O B T T o 1= 7= Tt SRR L1-T-2
L1-T.1.2.2. DiIr€Ct ACCESS SEIVICE ....eeiieiiieiiie ettt e et e e e et e e e e e et e e e e e e s aeeeeaeaaannbeeeaeeaaneseeaaeaanneeaaans L1-T-2
L1-T.1.2.3. EQuipmMeNnt REQUIFEMENTS: .....cooiiiiiiiiie et et L1-T-3
L1-T.1.3. Additional REQUIFEMENTS .........eeiiiiiiiiiee e e e e e e e L1-T-4
L1-T.2. LOCATION OF REVENUE METERING POINT ... L1-T-6
L1-T.3. COMMUNICATIONS CIRCUITS ...ttt e e e e e e L1-T-6
L0 2 L1-T-7
SECTION L2: PROTECTION AND CONTROL REQUIREMENTS FOR LOAD-ONLY ENTITIES AND
TRANSMISSION ENTITIES......ooiiiicceerieeemrersesemse e s ssssme e e ssssmee e s ssssmne e e s s smme e e s s mn e e e s s smmneessssnmneeessssmnnnean L2-1
PURPOSE ...ttt ettt e e e e a bttt e e e ettt e e e e asteeeee e sttt eeeessbeeeeeeanteneeeeaanteeeaennns L2-1
o o T 107 Y =] | I USSR L2-1
L2.1. PROTECTIVE RELAY REQUIREMENTS ..ottt ee e e e e e e e eneeeeee e L2-3
L2.2. RELIABILITY AND REDUNDANC Y ...t s s seete e et e e e e e e s e ssstaaaeeeeaeaae e e e e snnnnnnnnneees L2-6
L2.2.2 500KV SYSEIMS ...t ee e e ettt e et e e e e e e st ee et e e e aeeeassanntesaeeeeeaaeeeeesaaannssaeeneeeaaaeens L2-6
L2.3. RELAY GRADES ... oottt et e e e e e e ettt e e e e ae e e e e e s eenaeeeeeeaeeeeeeaaannnenneees L2-7
L2.4. LINE PROTECTION ...ttt e e e e ettt e e e e e e e e e e et e e e e e e aaeeeeeaaannnneneneees L2-8
L2.4.1. Fault-INterrupting DEVICES ......cooiiiiiiiieiiii ettt L2-9
[y B TR O | (o0 g = == = = PRSPPI L2-10
L2.4.1.2. CIrCUIt SWILCNEIS ...ttt e e e ettt e e e e e e e e e e e e annbeeeaeeennneeas L2-10
I g B R o U 1Y PRSPPI L2-11
L2.4.1.4. Relay Class Current Transformers (CT) ......uuii i L2-11
L2.5. STANDBY/BACKUP SOURCE .....ooieiiiie ettt e e s e e e e e e e e e nnneneee e L2-11
L2.5.1. StANADY SOUICE ....ccoiiiiiiiee ettt e et e e st e e e s e e e s enneeeeens L2-11
[ T = = Lo (0 o =T g LT = o] - T PP L2-12
SECTION L3: SUBSTATION DESIGN FOR LOAD-ONLY ENTITIES AND TRANSMISSION-ONLY
0 I L3-1
PURP O SE ... ettt e e e e e e e e oottt et e e e ae e e e e e e nsesteeeeeaaaeeeeeaaannneeneees L3-1
L3.1. DEAD-END STRUCGCTURE ........cctttiiieietiiee ettt ste e e ettt e e e s st e e e e sssaaeeaessnteeeeesanssaeeeeans L3-1
L3.2. TRANSFORMERS ...ttt ettt e e e sttt e e e s st e e e e snbae e e e s asteeeeeeanteeeeesanseaeeaeans L3-1
L3.3. VOLTAGE REGULATION ...coiiiiitiiiee ettt ettt e ettt e e e sttt e e e s snteeeeessnteeeaeeanteeeeessnneeeaeanns L3-2
L3.4. POWER FACTOR ..ottt ettt ettt e e sttt e e e s st e e e e anbbt e e e e ssbaeeeesanteeeeesannbeeeaennns L3-3
L3.5. CIRCUIT BREAKER OR OTHER FAULT INTERRUPTING DEVICES........ccccccoeiiiiieeeiiieeeee L3-3
L3.6. RULES FOR TAPPING TRANSMISSION LINES .....cciiiiiiiiiiiiiieeieeeeeeeeeeeeeee e L3-3
R B A X I I | S L3-4
G 20 B 1V =T o TU = I Too] o 1= o £SO L3-4
R 7 I T o 11/ (o o SRR L3-5
L3.7.3. LiNE SElECIOr SWILCNES ....cceiiiie et e et e e st e e e s sneaeeaeanns L3-5
L3.8. INTERCONNECTION OF LOAD ENTITY’S OR TRANSMISSION ENTITY’S SUBSTATION WITH
PG&E'S SYSTEM ...ttt ettt ettt e e ettt e e e e sttt e e e e s aata e e e e e antaeeeeessbeeeeeeanseeeeaeaanbeeeaeanns L3-6
L3.9. POINT OF CHANGE OF OWNERSHIP WITH PARTICIPATING TRANSMISSION OWNERS
WITHIN OR ADJACENT TO THE PG&E SYSTEM .....ooiiiiiiiie ettt L3-6
L3.10. NEW SUBSTATION OR SWITCING STATION ADDITIONS, EXISTING STATION
EXPANISIONS ...ttt e e et e e e ee e e e e e sa e e teaeeeeaeeaeeesasasssestnneeeeaaeeeessannsnennnnees L3-6
L3.11. LOAD ENTITY OR TRANSMISSION ENTITY INTERFERENCE WITH POWER QUALITY .....L3-7
SECTION L4: OPERATING PROCEDURES AND REQUIREMENTS FOR LOAD-ONLY AND
TRANSMISSION-ONLY ENTITIES ... sesccsmss e s e s mmmms s e s s mmnn e e e n e e e n s L4-1
PUR P O SE ... ettt et e e e e e e e e e an e eeeeeeeaae e e e e e e nannteeeeeaaaeeeeeaaannnnenneees L4-1
N o I 107 = | O I SRR L4-1
L4.1. JURISDICTION OF THE ISO AND THE DESIGNATED PG&E CONTROL CENTER................ L4-1

August 5, 2024 ii



PG&E Transmission Interconnection Handbook

L4.2. COMMUNICATIONS ...ttt ettt et e et e e st e e s te e e et e e e st eeeaneeeameeeeaanseeanseeeaanseeannes L4-1
L4.3. ATTENDED LOAD FACILITIESOR TRANSMISSION FACILITIES REQUIREMENTS. .............. L4-2
L4.3.1. Voltage Control Device Operation and Special Service Requirements.............cccccccceeeeeen. L4-2
L4.3.2. Connecting and Separating from the Power System ............ccccoociiiiiiiii e L4-2
L4.3.3. Clearances and Switching REQUESTES...........cooiiiiiiiiiiiiiec e L4-2
L4.3.4. Unusual or Emergency ConditioNS.............cooiiiiiiiiiiiiiiiie ettt L4-3
L4.3.5. Other COMMUNICAIONS........iiiiiii ittt e s nnnee e L4-3
L4.4. UNATTENDED LOAD FACILITIES REQUIREMENTS ......cooiiiiiiiiiiiee e L4-4
L4.4.1. Verification of Energized CirCUit ...........ocuiiiiiiiiiiii e L4-4
L4.4.2. Separation/RestOration............coo it L4-4
L4.5. SPECIAL SERVICE REQUIREMENTS ......oiiiiieiiie ittt e nee e e enee e e L4-4
L4.6. LOAD ENTITY OR TRANSMISSION ENTITY INTERFERENCE WITH POWER QUALITY ....... L4-4
L4.7. 500KV INTERCONNECTION ...ttt aiee et eeeee e et e e e aeeesteeeesneeeaneeeeeneeeenees L4-5

SECTION L5: PRE-ENERGIZATION TEST PROCEDURES FOR LOAD-ONLY ENTITIES AND

TRANSMISSION-ONLY ENTITIES ... s s s s n e L5-1
PURPOSE ...ttt e e e e ettt e e e e es et e e e e st te e e e e e asteeeeeeaasaeeeeesastaeeeesanseeeaesanstaeeeeans L5-1
L5.1. TESTS REQUIRED FOR LOAD ENTITIES PRIOR TO ENERGIZING........cccceeeiiiiiieeeeiiiieeee e L5-1

L5.1.1. Proving INSUIAtION ........eiiiie e e e e e e e e e e e e e e et e e e e e e e eeaeaeeenr b s L5-1
ST O o {0 V] T = i 13 L5-2
L5.1.3. Circuit Breakers and Circuit SWItChers ..o L5-2
L5.1.4. Current Transformers and Current CirCUItS .........c..uuuviiiiiieee i e e L5-2
L5.1.5. REIAYS ... ettt e et e e et e e e e e e br e e e e e annreeeeeaan L5-3
L.5.1.6. Primary DiSCONNECE SWItCN .......ooiuiiiiiiiiie e L5-3
L.5.1.7. Station Battery .....coo i L5-3
L5.2. ENERGIZING ...ttt e e ettt e e e e e e e e e s et ee e e e e e aaeeeeeaaannnenneees L5-3
L5.3. GENERAL NOTES ...ttt ettt e e et e et e e e e e e e e e s e naeneeeeeeaaaeeeeeaaannnenneees L5-4
CONTACT INFORMATION SHEET ... utttiteetetteeeeesettteeeesantaeeeesassseeaesansseeeesaassseeeeaanssseeesaassseeaesanssseeesannsseees L5-5

SECTION G1: METERING REQUIREMENTS FOR TRANSMISSION GENERATION ENTITIES ...... G1-1
PURPOSE : ...ttt e e e e ettt e e e e sttt e e e e s tae e e e e anteeeeeeansteeeeeaanbeeeeeeanneeeeeeaneees G1-1
F o e T 7Y = ] | I PSSP G1-1
G1.1. BASIC METERING REQUIREMENTS FOR GENERATORS ... G1-1
G1.2. DETAILED METERING REQUIREMENTS FOR GENERATORS .......cccociiiiiiieeeeee e G1-3

G1.2.1. Metering Configurations For New Generators ...........ccoooiuiiiiiiiiiiiii e G1-3
G1.2.2 Metering Requirements FOor New Generators.........c..eeeeeiiiiiiie e G1-4
G1.2.2.1. WhOIESAIE GENEIATONS ......eiiiiiiiiiiie ettt e e ettt e e e ettt e e e e e bt e e e e eannseeeaeeannseeaaeens G1-4
G1.2.2.2. Metering Generator's LOAAS. ........cciiiiiiiiiiie et e et e et e e sttt e e e s esnnsaeeaesannseeaeeens G1-4
G1.3. TELEMETERING REQUIREMENTS FOR GENERATOR MONITORING..........cccoovviiviiireen. G1-5
G1.3.1. For New Generation Facilities 1,000 kKW or Greater.............ccooveveveieiieiiieiieeeeeeeee e G1-5
G1.3.2. For New Generation Facilities Less Than 1,000 KW ..........cooiiiiiiiiieiieieeeeeeeeeeee e G1-5
G1.3.3. MeaSUIrEMENT ACCUFACY ......eeeiiiiiiiieeeiiteiee ettt e e ettt e ettt e e e b bt e e e s aabee e e e e abbeeeeeaanneeeeaeaans G1-5
G1.4. METERING CURRENT AND VOLTAGE TRANSFORMERS FOR GENERATORS.................. G1-5

SECTION G2: PROTECTION AND CONTROL REQUIREMENTS FOR TRANSMISSION GENERATION

L I 0 G2-1
PURPOSE ...ttt e e e e sttt e e e e ettt e e e e e staeee e e antaeeeeeansteeeeseanseeeeeeannteeeeenneees G2-1
F o e T 7Y = ] | I SRR G2-1
G2.1. PROTECTIVE RELAY REQUIREMENTS .....oiiiiiiiiie ettt e e e e e G2-4
G2.2. RELIABILITY AND REDUNDANCY ...ttt e ettt e e s st ee e s snbeeee e s nnneeeaeeanes G2-7

G2.2.2. BOOKY SYSTEIMS ....iitiiiii ittt ettt e et e e e e ettt e e e ettt e e e e sttt eeeesanbeeeeeesbbeeeeesanneeeeeeanns G2-8
G2.3. RELAY GRADES ... ..ottt ettt et e e e e e e s s e te et e e e aeeeaessaansstaaaeeeeeeaeeeseannnsnnennnnees G2-9
G2.4. LINE PROTECTION ...ttt e ettt et e e e e e e s e e te et e e e aaeeeeesaannstnaeeeeaaaaeeeaeaannsnnenenees G2-9
G2.5. GENERATOR PROTECTION AND CONTROL ...t G2-13

August 5, 2024 i



PG&E Transmission Interconnection Handbook

G2.5.1. Phase OVEICUITENL.......ciiiiiiiii ittt ettt e et e e sab b e e e s annnneeee s G2-15
G2.5.2. Over/Undervoltage RElAY ..........c..eeoiiiiiiiiiiiii e G2-15
G2.5.3. Over/Underfrequency REIAY ....... ... G2-15
G2.5.4. AC Overcurrent ProteCION..........c.eii it G2-16
G2.5.5. Grounding and Ground Fault Sensing SCheme............coocuiiiiiiiiiiiie e G2-16
G2.5.5.1 GNEIAI ...ttt e h et bbb G2-16
G2.5.5.2 Ground Grid REQUIMEMENES .....uviiiiiiiiiiiiee e e e e e e e e e e e e e e e e e e e e e e aennnenrnrernnees G2-16
G2.5.6. Overcurrent Relay with Voltage Restraint/Voltage Control or Impedance Relay............. G2-17
G2.5.7. REVEISE POWET REIAY ...ttt ettt e e s ensaeee s G2-18
G2.5.8. Breaker Fail REIAY .......cooiiiiiiie ittt e e et e e e e s annaeea s G2-18
G2.6. DEDICATED TRANSFORMER ...ttt G2-18
G2.7. MANUAL DISCONNECT SWITCH ....ooiiitiiiiiiiiiite ettt G2-18
L€ IR =T o 1= - | TP PR PP PRSP G2-18
G2.7.2. Operation Of SWILCI ........oiiiiiii e G2-19
L€V R TS o 1ot o= 1[0 ] T PSRRI G2-19
G2.8. FAULT-INTERRUPTING DEVICES ..ottt et e et e et e e e sneeeesnaeeens G2-19
G2.8.1. CirCUIT BrEAKETS ...ttt et e e et e e e e e anereeeeas G2-20
G2.8.2. CirCUIt SWILCNEIS ...ttt e e enere e e s G2-20
G2.8.3. Relay Class Current Transformers (CT) ....ooiuiiiiiiiiie e G2-21
G2.9. SYNCHRONOUS GENERATORS ...ttt e saee e e e snaee e snaeeens G2-21
G2.9.1. SYNChronizing REIAYS ..........eiiiiiiiiiiie ittt e e e e e e e s annaeeaean G2-21

G2.9.1.1. Automatic Synchronizers Approved by PG&E See Table G2-4 for PG&E-approved devices. .G2-21
G2.9.1.2. Automatic Synchronizers (not on PG&E'’s approved list) Supervised by a PG&E-Approved

SYNCHIONIZING REIAY ...ttt et e et s e bt e snre e nanees G2-22
G2.9.1.3. Manual Synchronization Supervised by a Synchronizing Relay ...........ccccociiiiiiiiiii, G2-22
G2.9.1.4. Manual Synchronization With Synch-Check Relay ............cccoiiiiiiiiiii e G2-23
G2.9.2. FrequencCy/SPeed CONIOl........oiuiiiiieiiiiee ettt e s eneeeeeeas G2-23
G2.9.3. Excitation System RequUIremMentS............ooiiiiiiiiiii e G2-23
G2.9.4. Voltage ReGUIALON .......cooi ittt e s G2-23
G2.9.5. Power Factor CONTrOIIEr ... et e e e e e eas G2-24
G2.10. IBRS RIDE-THROUGH AND COMPLIANCE REQUIREMENTS ... G2-25
G2.11. IBRS PROTECTION REQUIREMENTS .....ooiiiiiiiiieeeee ettt G2-30
G2.11.1. IBR Capable of Stand-Alone OPeration ...........cc.eeeeiiiiiiiie e e G2-30
G2.11.2. IBRs Incapable of Stand-Alone Operation ... G2-31
G2.12. INDUCTION GENERATORS ...ttt ettt e e G2-31
G2.13. REMEDIAL ACTION SCHEME (RAS) APPROVALS ..o G2-32
G2.13. REMEDIAL ACTION SCHEME (RAS) PARTICIPATION REQUIREMENT FOR GENERATION
FACILITIES ..ottt e e e e e e e et e e e e e e e e e e e e e aaabaaaeeeeaeaeeesaesaansssbaeeeaaaaaeaaaan G2-32
G2.14. EVENT RECORDING ......outtiiiiiiiee ettt e e e e e e e e e e e e e e e e e e e e sananraeeeeeas G2-32
G2.15. EMERGENCY GENERATOR REQUIREMENTS ...t G2-33
G2.15.1. “Break Before MaKe”...........ooi ittt e s e s G2-33
G2.15.2. “Make BEfOre Break”.........cooo oottt e e e e e e e e e e e e s G2-33
G2.15.3. Interconnection ReQUINEMENES ........coiuiiiiiiiiiii e G2-34
G.2.15.3.1. Interconnection ProteCtion STUAY ..........cceiiiiiiiiiiiei e G2-34
G.2.15.3.2. TranSTer SWILCH .....coiiiiiiiii e et e e e et e e e s et e e e e e ansreeeas G2-34
G.2.15.3.3. Notification and DOCUMENTALION .........cooiiiiiiiiieiie e G2-34
G2.15.3.4. OperationN/CIEAANCE ........ccoceiiiiiiiee et et e e et e e e e e e e e e et e e e e e e e saareeeeeesnsseeeas G2-34
G2.15.3.5. “Break Before Make” Specific ReqQUIrEMENtS ..........ccuveiiiiiiiiiiiicceccee e G2-35
G2.15.3.5.1. Transfer SWItCN ... ...e et e e e e e e e neneeeas G2-35
G2.15.3.6. “Make Before Break” ReqUIrEMENTS........c.ceiiiiiiiiiiiee e G2-35
G2.15.3.6.1. Transfer SWItCN .......e e et e e e et e e e e e e e e e e e neneeeas G2-35
G2.15.3.6.2. ManUal DISCONNECT.......cociuiiiiiie ettt e et e e e et e e e e e nnree e e e e annaeeeas G2-35
G2.15.3.6.3. Synchronizing FUNCHON .........cooiiiiiiii e e e e aeee s G2-35
(€ BT I S o o) (=Y (1] o ISP G2-36
G2.15.3.6.5. Dedicated TranSfOrMET..........c..oiiiiiieeie et e e e et e e e e e snneeean G2-37
G2.16. PARALLEL-ONLY (NO SALE) GENERATOR REQUIREMENT .......cooviiiiiiiiieiiiiee e G2-37
G2.17. GENERATION ENTITY-OWNED PRIMARY OR TRANSMISSION VOLTAGE TAP LINES
(ABOVE 60 KV AND BELOW 100 KV)....cciiiiceiieiee ettt e e e e e e e s s e e e e e e e e e e e s e nnnnnnnneeeees G2-37

August 5, 2024 iv



PG&E Transmission Interconnection Handbook

G2.18. PG&E PROTECTION AND CONTROL SYSTEM CHANGES WHICH MAY BE REQUIRED TO

ACCOMMODATE GENERATOR INTERCONNECTION ...t G2-37
G2.19. DIRECT TELEPHONE SERVICE .......ooiiiiiiiiie ettt e et e et a e e e e s aneneea s G2-38
G2.20. STANDBY STATION SERVICE ........uiiiiiiiiiiiie ettt e e s st e e e s nnsaae e e s snnaeeae s G2-39
G2.21. STATION BATTERY ..ottt ettt e e sttt e e st e e e st e e e s nnsseeeeeannneeaean G2-39
o e =1 N1 G PSP G2-52
SECTION G3: OPERATING REQUIREMENTS FOR TRANSMISSION GENERATIN ENTITIES....... G3-1
PURPOSE ...ttt e ettt e e e ettt e e e e a bt e e e e anbae e e e e ansbeeeeeeanbeeeeeeanneeeeeeannees G3-1
Y I (0 Y =] | I I OO UUR OO PRPRPO G3-1
G3.1. REACTIVE AND VOLTAGE REQUIREMENTS FOR GENERATORS........ccceeviiieiieeecieee e G3-1
G3.1.1. Synchronous Generator CONTIOl .............ooiiiiiiiiiiiie e G3-2
G3.1.1.1. FrequenCy/SPeed CONIOL .........coiiiiiiiiiie ittt ettt e e enre e G3-2

(€0 Tt I B2 VLo =T [T 0o o1 { o] ISR G3-2
G3.1.1.3. Power System Stabilizer Operating Requirements For Generators.............cccccoecvvveeeieciiieee e G3-2

(€ I I B o1V =T o) 0o o 1 o S G3-2
G3.1.2. Non-Synchronous Generator Control (without Var Control) ...........ccccccoeeiiiiiiiiiiieeeeneeeeenn. G3-3
G3.1.3. Voltage Schedule GUIdANCE ...........uuiiiiiiiieiiiecciie et a e e rreeaaae e G3-6
LCTC T I 100 1 VA [ a1 (=Y o] o] 0 T=Tox 1T o ISR G3-6
G3.2. GENERATOR STEP-UP TRANSFORMER ......cccttiiiii ittt G3-7
G3.3. POWER QUALITY REQUIREMENTS ...ttt e e srree e e e saraeea e G3-7
G3.3.1. Voltage Fluctuation LIMitS..........cueiiiiiiiiiieiiiiie e e e G3-7
LG TR T o F- 0 T o o3 N 0O PEEEE G3-7
G3.4. VOLTAGE & FREQUENCY RIDE-TROUGH REQUIREMENTS ........ooiiiiiiiiieiieeee e G3-8
G3.5. TRANSMISSION INTERCONNECTIONS FOLLOWING RULE 21 TARIFF .....cccviiiiiiiiieeee G3-8
G3.5.1.Transmission NEM Generating Facilities > 1 on CAISO Controlled Grid .............ccccvveeennes G3-9
G3.5.2.Transmission NEM Generating Facilities > 1 on Non-CAISO Controlled Grid ................. G3-10
G3.5.3.Transmission NEM or Non-Export Generating Facilities <1 MW .........ccccoeiiiiiieennnenn. G3-10
G3.5.4.Transmission Non-Export Generating Facilities > 1 MW ...........cccoiiieeee, G3-10
G3.5.5.Power Factor REQUIFEMENTS ...........uuuiiiiiiiiiie it a e e e e e raeeee s G3-10
G3.5.6.Required Application FilesS ..........c.ueiiiiiiiiiie e G3-10
G3.5.7. Coordination With CAISO .......ccoieeiee e e e e e e e e s reeeeees G3-11
G3.6. SUBMITTING MODELING DATA ...ttt ettt e e et e et e e e e snnaeea s G3-11
SECTION G4: OPERATING PROCEDURES FOR TRANSMISSION GENERATION ENTITIES........ G4-1
PURPOSE ..ottt ettt e e ettt e e e e ettt e e e e st e e e e e estaeaeeeansaeeeeeanstaeeesaasseeeeeeanstneaeeassees G4-1
F e I 10 Y =] | I PRSPPI G4-1
G4.1. JURISDICTION OF THE CAISO AND THE PG&E GRID CENTER (GCC)....cccovcvvveeeiiiiieeees G4-1
GA4.2. COMMUNICATIONS .....ceiiiie ettt ettt e e e st e e e s este e e e e e sttt e e e e sstaeeaeesnbeeeeessnsteeeeesansaneaesanes G4-1
G4.2.1. Daily Capacity and Energy REPOIS ..........ccoiiiiiiiiiiiiiie et G4-2
G4.2.2. Voltage Control Operation and Other Service Requirements............ccccceeeviiiieieeiiiieeeeens G4-2
G4.2.3. Paralleling to and Separating from PG&E (Attended Generating Facilities Only) ............. G4-3
G4.2.4. Clearances and Switching ReQUESES ..........coooiiiiiiiiiiic e G4-3
G4.2.5. Unusual or System Emergency Conditions ...........ccueeeiiiiiiiiieiiiiiiee e G4-4
G4.2.6. Emergency/Backup GENEratorsS...........c.ueeiiiiiiiiieiiiiiiee et ee ettt e e e et e e e e e G4-4
G4.2.7. Other COMMUNICALIONS .....ccoe it e e e e e e e e e e e e e e e e e s e sennrneeeneeeeaeaeeean G4-4
G4.3. UNATTENDED GENERATING FACILITIES......c oottt e e navanea e G4-5
G4.3.1. Verification of Energized CirCUIL............uiiiiiiiiiiiiiiiiee e G4-5
G4.3.2. Loss of Power/Automatic Re-paralleling...........ccooiiiiiiiiiiiii e G4-5
G4.3.3. EVENE RECOMUET ...ttt e e e e e e ettt et e e e e e e e e e e anneneaneeaaaaaeaeeas G4-6
G4.4. PROCEDURES ON TRANSFER TRIP PROTECTION FOR GENERATION FACILITIES........ G4-6
G4.4.1. Purpose and Definition ..o G4-6
G4.4.2. Separation Following Loss of Transfer-Trip Protection.............ccccccevviiiiiiiiiiiiiie e G4-7
G4.4.3. PTOCEAUIES .....oiiiiiie ittt ettt ettt b e h e e bt e e aa bt e ekt e e as e e e esb e e e st et e saneeenabe e e nnneeena G4-7
G4.4.4. SePAration OIAEIS ......coiiiieeiii i ittt e e e e et e e e e e e e e e s et eeeeaeaaeeesesennbnraeaeeeeaaaeaean G4-8
G4.4.5. Non-Compliance Separation OFEr ...........coiiuiiiiiiiiiiiie e e et e e ee e G4-8
G4.4.5. Re-parallel of Generating Facility After Restoration of TT Protection...........c.ccccovieeeennns G4-8

August 5, 2024 %



PG&E Transmission Interconnection Handbook

G4.5. GENERATION ENTITY INTERFERENCE WITH POWER QUALITY ..ooooiiiiiiee e G4-9
SECTION G5: ENERGIZATION AND SYNCHRONIZATION REQUIREMENTS FOR TRANSMISSION
GENERATION ENTITIES........iiiicieerisescres s sssmse e s sssssme e s s s ssme e s s s s mne e e s s samn e e s s ssmnenessssnmennssssnmnessssssnnnnnas G5-1

PURPOSE ...ttt ettt e ettt e e e e ettt e e e e st e e e e e e s tae e e e e anbaeeeeeanstaeaeeaasseeeeeeasteeaeeannrees G5-1

G5.1. TEST RESULTS AND/OR INFORMATION REQUIRED PRIOR TO PRE-PARALLEL TESTING

........................................................................................................................................................... G5-1

G5.1.1. Proving INSUIALION ........ooiiii it s e e e e e e e s e s areeaaaaeeean G5-1
G5.1.2. Proving RALIOS ......uviiiiiiiiiiee ettt e e e e e e e s e e e e e e e e e e e e e raeeeaaaaaaean G5-2
G5.1.3. Circuit Breakers and Circuit SWItChErS ..o G5-2
G5.1.4. Current Transformers and Current CirCUILS ..........uuuiiieieeeiii i G5-2
LTS T R T = - V£ PP PPPRRPN G5-3
G5.1.6. Primary DISCONNECE SWItCI ......ouiiiiiiiiie e G5-3
G5.1.7. RTU/RIGIDPU ...ttt ettt e e e e sttt e e e s st e e e e s eata e e e e s antaeeaesssaaneaeaansaenaesanns G5-3
G5.1.8. StatioN Battery .........eeiiiiiiiie e e e G5-3
G5.1.9. Telemetry/Relay SpecCifiCations ........ .o G5-3
G5.2. PRE-PARALLEL INSPECTION (PPI) ..eeiiiiiiiie ettt ettt e e st ee e s stteee e e snnsaeeeesanes G5-4
G5.2.1. FUNCHONAI TESES ..ttt e e e ettt e e e s et e e e e sntaeeeeeanteeaeeeanns G5-4
G.5.2.2. Data TelemEetry TESES ...cocceiiiiiieeeeee e e e e e e e e et e e e e e e e an G5-5
G5.3. REQUIREMENTS FOR PARALLEL GENERATOR OPERATION........ccciviiiiiieiiiiiiee e G5-5
G5.3.1. Permission to Parallel For Testing Purposes ONly ...........ccooocciiiiieiiiie e G5-5
G5.3.2. Notification of Parallel Operation (For Testing Purposes Only) ..........ccccceviiiieeeiiiieenenns G5-5
G5.3.3. Impedance and Directional Relay TeStS .......c.uiiiiiiiiiiiiii e G5-5
G5.3.4. Generator LOAd TeSES . coiiiiiiiiiiiiiiie ettt e e e e e e e e e e e e e e e e e e e e s e e e aaaaea s G5-6
G5.3.5. Power System Stabilizer (PSS) .....ccooiiiiiiiiie e G5-7
G5.3.6. Model Testing and Validation REpOIt..........occuuiiiiiiiiii e G5-9
G5.3.7 Signage ReqUIFEMENTS ........iiiiiiiiiiii e et sb e e e aare e e e e aaes G5-9
G5.3.8 Stand Alone Testing (IBR UNIES) .......uiiiiiiiiiiiii et a e G5-9
G5.3.9 IBR Verification Methods MatriX ..........ccueiieiiiiiiieeiiiiiie ettt e e sraeee e enes G5-9

G5.4. PERMISSION TO COMMENCE COMMERCIAL OPERATION ......ccviiiiiiiiiiee e G5-10

G5.5. GENERAL NOTES ...ttt ettt ettt e e e sttt e e e sttt e e e e st e e e e sntseeeesanssaeeeeannnneeaean G5-11
SECTION G6: SITING POLICY AND REQUIREMEENTS FOR TRANSMISSION GENERATION
ENTITIES. ...ttt e e e e e e e e e am e e £ e e mn e e Ea s amR e e e e mneeeassnmnenes s snnnnnas G6-1

PURPOSE ...t e et e e e e e e e e e e et e e e e e et b e e e e e etbaeeeeeeabeeeeeeaabeeaeeenres G6-1

F Y I (0 Y =] I I OO PRPRRO G6-1

@ ] I [ O 2SSO PP G6-1

G6.1. CRITERIA FOR NEW OR PROPOSED RE-POWERING PROJECTS .......ccccooiiiiiiieiiiieeeee G6-1

G6.1.1. 60/70 kV, 115kV, 230kV & 500kV TRANSMISSION FACILITIES ......ccccoiiiiiiiiiiiiiieeees G6-1

G6.1.2. GENERATOR TAP LINES ...ttt ettt ettt e e e e st e e e s ssaaeeaesnnsenaeeeanns G6-1
APPENDIX A: WHERE TO OBTAIN REFERENCE DOCUMENTS AND INFORMATION ................. AA-1
APPENDIX F: TELEMETERING AND TRANSFER TRIP FOR TRANSMISSION GENERATION
ENTITIES......co i e nercer e s ess s e re s ssne e e s me e e e s sn e e e e mn e e ea e s smneeea s mneeee s smneneas s nnnnnesssmneneassnnnnnan AF-1

F.O. NOTIFICATION ..ottt e e e ettt e e e sttt e e e ettt e e e s ntaeeeesanssaeeeeansseeeesanssaeeeesnnneneens AF-2

L BN I [0 N I (] SRR AF-2

F.2. GENERAL REQUIREMENTS ... ...ttt sttt et e e st e e e st e e e e e nnaeeens AF-3

F2.1. EMS/SCADA TelemMEtering ........eeiiiiiiiiie ettt e e e es AF-4
F2.1.1. SCADA Telemetering for all Generation Entities with Transfer Trip Protection ..........cc..ccccoeceeenee AF-5
F2.1.2. EMS/SCADA Telemetering for Transmission Generation Entity Facilities 1,000 kW or Greater....AF-5

2 ] (= Yo 1o o USSP AF-9

F2.3. Business Telephone and Revenue Metering............cueiiiiiiiiiiiiiie e AF-13

F2.4. Environmental Considerations...........ccccuuiiiiiiiiiee e e e e e e e e e e eee s AF-14

F.3. INSTALLATION OF LEC ENTRANCE CABLE IN SUBSTATIONS (RISK - SEE SECTION F.0.

N[O I [Ny I N PP RPR AF-15

August 5, 2024 Vi



PG&E Transmission Interconnection Handbook

F.4. CIRCUIT REQUIREMENTS FOR PROTECTIVE RELAYING AND EMS/SCADA CIRCUITS
INSTALLED BETWEEN GENERATION FACILITY STATIONS AND PG&E POWER SUBSTATIONS

(RISK - SEE SECTION F.0. NOTIFICATION) ...cetiiiiitiitee ittt e e ettt e e e eitee e e s et ea e e snneeeeeennseeaeeennes AF-15
F.5. ADDITIONAL DIRECT TRANSFER TRIP (DTT) TELECOMMUNICATION OPTIONS ............. AF-17
F.5.1. Option 1. Al FIDEI ...coiiiee ettt e e e e e e e e e e e nree e e e e nnees AF-17
F.5.2. Option 2. Fiber / Channelized T1 using fiber based HVP protection.................cccccuvvnenee.n. AF-18
F5.3. Option 3 - Copper / Channelized T1 using copper HVP ..., AF-19
F5.4. Option 4 — Unlicensed 900 MHz Radio SCheme ............ccceeviiieiiiiiiceeeeee e AF-20
F.B8. DEFINITIONS ... .ottt e e e e e e e et e e e et e e e s e e abeeeeeeabaeeeeeenbaeaeeannees AF-23
FT7.OFIGURES ...ttt ettt e e et e e e e e e e et e e e e e e abbe e e e e s asbeeeeeeasbeeeeessbaeaeeannnees AF-25
APPENDIX H: POWER SYSTEM STABILIZER...........ccocctitiirteriscsere e s sssssseessssssse s ssssmssesssssssessssnsnnes AH-1
APPENDIX I: LOAD OPERATING AGREEMENT .........ccoimiiciettrresssseressssssnnesesssssssessssssmnesssssssmsessssssnnens Al-1
PURPOSE ...ttt et e e ettt e e e e ettt e e e e s bt e e e e s tee e e e e estaeaeeeassaeeeeeansteeaeeanssaeeeeennsees Al-1
F IO =] | I USSR Al-1
N 7 AN 4 1 1 O PRSP Al-1
APPENDIX J: SPECIAL AGREEMENT FOR ELECTRICAL STANDBY SERVICE ..........ccccccvvieieeenn. AJ-1
PURPOSE ...ttt et e e ettt e e ettt e e e e s e bt e e e e e st te e e e e nsbeeeesansaeeeeeansteeaeeennseeeaeennneees AJ-1
F Y o T 107 Y =] | I USRI AJ-1
RELEVANT DOCUMENTS ..ottt ittt sttt e sttt e s ettt e e e st e e e s e nbae e e e enneeeaeeenbeeeeeeanneeas AJ-1
APPENDIX K: LOAD SPECIAL FACILITIES AGREEMENT .........ccoooiiiiire e AK-1
APPENDIX L: INTERCONNECTION AGGREMENTS FOR GENERATORS CONNECTING TO
THE ISO CONTROLLED GRID ........cueiiiiiiitisccccmre s s ssse e s sssssse e s s s ssss e e s ssssnne e s s s ssms e e s sesnnneesssssnneeessnnnnnen AL-1
PURPOSE AND APPLICABILITY ...ttt ettt ettt a et ae e e e et a e e s enraeaeeennes AL-1
RELEVANT DOCUMENTS ... .ottt ettt ettt e e e ettt e e e e et e e e e att e e e s e entae e e e esnsreeaeeenraeaeeennes AL-1
APPENDIX Q: GENERATOR AUTOMATIC SYNCHRONIZERS FOR GENERATION ENTITIES .....AQ-1
Q1.1. OPERATION AND PERFORMANCE REQUIREMENTS ........ooiiiiiiiie et AQ-1
APPENDIX R: PROTECTIVE RELAY REQUIREMENTS AND APPROVALS..........cccocerricnererrsnnnes AR-1
R.A.REQUIREMENTS ... ..ottt sttt ettt e e et e e e sttt e e e e sate et e e e snsaeeeesanssaeeaessseaeaesannsneeenan AR-2
APPENDIX S: PROTECTION ALTERNATIVES FOR VARIOUS GENERATOR CONFIGURATIONS.......
................................................................................................................................................................ AS-1
S1. STANDARD INTERCONNECTION METHODS WITH TYPICAL CIRCUIT CONFIGURATION FOR
SINGLE OR MULTIPLE UNITS ...ttt ettt ettt ettt e e ettt e e e s st e e e s anbeeeeesnnrneeaeeanes AS-1
S1.1. BUS FaUIt ClEariNg.......eeeiiieiiiiiee ettt e ettt e e e e sttt e e e sbbe e e e e e anneeeeeeanes AS-1
S2. INTERCONNECTION METHODS WITH SPECIAL CIRCUIT CONFIGURATIONS FOR SINGLE
UN T ettt e e ettt e e e e ettt e e e e e tb e e e e e e eabeeeeeeeabteeeeeesbaeaeeeaasbeeeeeasbeeaeeaanbeeeeeeanreeaeeenrees AS-2
S2.1. Alternative--Generator “Tapping” To Existing Transmission Line between Two Terminals,
considered only at voltages below TOOKV ... e AS-2
S2.3. Generator “Tapping” closely outside the Substation Between Two Existing Terminals........ AS-3
S2.4. Generator “Connected Close” Outside the Substation with a Dedicated Line ...................... AS-4
S2.5. Requirements for S2.3 and S2.4 ARErNativesS ...........eeeeiiiiiiiiiiiiiiiieeeeee e AS-4
S2.6. Additional ltems for CoNSIAEration .............cooiiiiiiiii i e e e AS-5
APPENDIX T: BATTERY REQUIREMENTS FOR INTERCONNECTION TO PG&E SYSTEM .......... AT-1

August 5, 2024 vii



	PG&E Transmission Interconnection Handbook
	Table of Contents




