COLUMBIA GENERATING STATION Amendment 61
FINAL SAFETY ANALYSIS REPORT December 2011

Chapter 8
ELECTRIC POWER

TABLE OF CONTENTS

Section Page
8.1 INTRODUCTION ...ttt et e eaaas 8.1-1
8.1.1 UTILITY GRID DESCRIPTION ......cciiitiiiiiiiieiee e e 8.1-1
8.1.2 OFFSITE ELECTRICAL POWER SYSTEM DESCRIPTION.................. 8.1-1
8.1.3 ONSITE ELECTRICAL POWER SYSTEM DESCRIPTION .................. 8.1-3
8.1.4 SAFETY LOADS. ... e 8.1-5
8.1.5 DESIGN BASES ... e 8.1-5
8.1.5.1 Offsite Electrical Power SyStem ...........cooviiiiiiiiiiiiiiiii i, 8.1-5
8.1.5.2 Onsite Electrical Power SyStem............coiiiiiiiiiiiiiiiiiiiiiieieaens 8.1-7
8.2 OFFSITE POWER SYSTEM ... 8.2-1
8.2.1 DESCRIPTION ...ttt 8.2-1
8.2.1.1 Utility Grid ATTANZEMENE .. .uvtnteitt ettt ettt et ee et eiteeieeeeaanens 8.2-1
8.2.1.2 Offsite Power Transmission LiNes ..........cccoveiiiiiiiiiiiiiiiiiiiiiiinnannn, 8.2-2
8.2.1.3 Main Generator and Step-Up Main Transformer Bank......................... 8.2-3
8.2.1.4 Normal Auxiliary, Startup, and Backup Transformers and Buses............ 8.2-4
8.2.1.5 Power System COMMUNICAIONS ......eiriereiteaiteeieeaneeaeeireeieeanneananns 8.2-6
8.2, AN ALY SIS o 8.2-6
8.2.2.1 Stability ANAlYSIS ...uviriitt ittt e, 8.2-6
8.2.2.2 Grid Availability ANaLYSIS ......couiiiriiitt it 8.2-8
8.2.2.3 Generator Operating Limits ..........c.oiiiiiiiiiiiiii e, 8.2-8
8.2.2.4 Criteria Conformance Analysis .........cceoiuiiiiiiiiiiiiii it eieieeeneens 8.2-9
8.3 ONSITE POWER SYSTEMS ... 8.3-1
8.3.1 ALTERNATING CURRENT POWER SYSTEMS .......ccccoiviiiiiiiiiins 8.3-1
TG T O B B T en 510 110 o PP 8.3-1
8.3.1.1.1 4.16-kV and 6.9-kV Distribution Syste€m.............c..covvvrivriininrinninnnns 8.3-1
8.3.1.1.2 480-Volt Distribution SyStem.........c.ovviiriiiiitiiiiiiiiiiiieaeaeananns 8.3-6
8.3.1.1.3 120/240-Volt (Non-Class 1E) Plant Uninterruptible Power System ....... 8.3-7
8.3.1.1.4 120/208-Volt Non-Class 1E Instrumentation Power System................ 8.3-7
8.3.1.1.5 Divisions 1 and 2 120/240-Volt Critical (Class 1E) Instrumentation

POWET SYSTEIM .. .uitiiii e 8.3-8
8.3.1.1.6 Reactor Protection System Power System.................coovviiiiiinninn.n, 8.3-8
8.3.1.1.7 Standby Alternating Current Power System................cccoviiiiiiianinn.n, 8.3-10
8.3.1.1.7.1 Redundant (Division 1 and Division 2) Standby Alternating Current

POWET SUPPIIES ..ottt 8.3-10

8.3.1.1.7.1.1 GeNETAL ...vineiniiii i e 8.3-10

LDCN-11-008 8-1



COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

Chapter 8
ELECTRIC POWER

TABLE OF CONTENTS (Continued)

Section Page
8.3.1.1.7.1.2 Unit Ratings and Capability.................ccooiiiiiiiiiiiiiiiien. 8.3-11
8.3.1.1.7.1.3 Cooling Water SYSIEIMS .......ccvuiiiirieiinte ittt eiieeeireeeineeenns. 8.3-12
8.3.1.1.7.1.4 Lubrication SYSIEIMS .......cuuiirtiittiite ettt et e e eiaeaiaeananns 8.3-12
8.3.1.1.7.1.5 Air Starting SYSteIMNS. ... .oeutiirtiitteitt it eite et ee e eareeireanaeanaans 8.3-12
8.3.1.1.7.1.6  FUel Oil SYSEIMS ... ueiuiiniiniiiieiet et eeeeaeans 8.3-12
8.3.1.1.7.1.7 Automatic Starting and LLoading Systems.............c..cooeiieiiininn.n. 8.3-12
8.3.1.1.7.1.8 Protective TriPs ....ooviiiriiiti i e e 8.3-14
8.3.1.1.7.1.9 SurveillanCe .........couiiiiiiiiiiiii e e 8.3-15
8.3.1.1.7.1.10 Instrumentation and Control SYSt€ms .........c.covviviriiriinneenneannn.. 8.3-16
8.3.1.1.7.1.11 Light or No Load Operation...............cooeiiuiiiiiiiiiiiiineanneannnn. 8.3-17
8.3.1.1.7.2 High-Pressure Core Spray (Division 3) Standby Alternating Current

POWET SUPDLY. .ot 8.3-17
8.3.1.1.7.2.1  GENETAL ...uiniitii i e e 8.3-17
8.3.1.1.7.2.2 Unit Rating and Capability ..............cooeiiiiiiiiiiiiiiiii i, 8.3-18
8.3.1.1.7.2.3 Cooling Water SYSEIM .......oiuiiirtiittiitt ittt et e et eiaeeieeanaans 8.3-19
8.3.1.1.7.2.4 Lubrication SYSIEIM ........couiiiiitiit i it ie i eeeeeeaneeaans 8.3-19
8.3.1.1.7.2.5 Air Starting SYSteIM.......ooiuiiiiitiit i it ie i eaeeaneennnns 8.3-20
8.3.1.1.7.2.6  Fuel Oil SYSIEIM ...ouiiniiniiiiiiit e 8.3-20
8.3.1.1.7.2.7 Automatic Starting and Loading System.................cooeiviiiinin.n. 8.3-20
8.3.1.1.7.2.8 Protective TriPs ....ooviiiriiiii i e 8.3-21
8.3.1.1.7.2.9 SurveillanCe .........oouiiiiiiiiiiii s 8.3-22
8.3.1.1.7.2.10 Instrumentation and Control System .............ccceevriiiiiiiiianennnnn. 8.3-24
8.3.1.1.7.2.11 Light Load Operation............cceiiuiiiiiiiiiaieiiieieeineeineainaanenns 8.3-24
8.3.1.1.8 Electrical Equipment Tests...........coiiiiiiiiiiiiiiiiiiiiiiiiieieieeeaens 8.3-24
8.3.1.1.9 Equipment CIiteria ........ccevutiuiintintitititeit et eiteiteiteitenteneanaanaans 8.3-25
8.3.1.1.90.1 MOMOT SIZ€....eiuiiniiiiti et e e e e e e eneenens 8.3-25
8.3.1.1.9.2 Motor Thermal Overloads ..........oooeiiiiiiiiiiiiiiii e 8.3-26
8.3.1.1.9.3 Minimum VOoltage .........coviiiiiiiii e 8.3-26
8.3.1.1.9.4 Motor Starting TOIQUE ........c.viiriiiiit i 8.3-26
8.3.1.1.9.5 Minimum TOIqUE.......c.eiiriiittiitt i e e 8.3-26
8.3.1.1.9.6 Motor InSulation...........c.oiuiiiiiiiitii i 8.3-27
8.3.1.1.9.7 Temperature Monitoring DeViCes ..........cc.oviiiiiiiiiiiiiiiiiiineannn.. 8.3-27
8.3.1.1.9.8 Interrupting CapacCity ......c.oovriiiriintiit ittt it eaeeaen 8.3-27
8.3.1.1.9.9 Electric Circuit ProteCtion ...........c.oouiiuiiiiiiiiiiiiieeieieeieenaenas 8.3-28
8.3.1.1.9.10 4.16-KV Motor FEeder.......couiiriiiiitiiiiiii e 8.3-28
8.3.1.1.9.11 Transformer FEEders ........oouiiiiiiiiiiiiiiii i 8.3-29

LDCN-08-030, 09-006, 09-020 8-ii



COLUMBIA GENERATING STATION Amendment 63
FINAL SAFETY ANALYSIS REPORT December 2015

Chapter 8
ELECTRIC POWER

TABLE OF CONTENTS (Continued)

Section Page
8.3.1.1.9.12 Diesel GENETALOT .. ..uutentintentetet ettt e e e eeneeeanenans 8.3-29
8.3.1.1.9.13 480-Volt Motor Feeder Fed From Switchgear Bus........................ 8.3-29
8.3.1.1.9.14 Motor Control Center Feeder Fed From 480-V Switchgear Bus........ 8.3-29
8.3.1.1.9.15 Feeders From 480-Volt Motor Control Centers............covvvevuvinnnnn. 8.3-29
8.3.1.1.9.16 Electrical Penetration Assemblies in Containment Structures............ 8.3-29
8.3.1.1.9.17 RaACEWAY SYSIEIMS . .\ointiiiite i e e e e eaiaeeaanss 8.3-30
8.3.1.1.9.18 Grounding REqUIrEMENtS ..........couviiriiiiiitiiie i i i eieeeeeaneans 8.3-30
8.3.1.1.9.19 Vital Inverter Instrumentation Power System Protection
REQUITEMENLS ....eteineitiei e 8.3-31
8.3.1.1.10 Class 1E Electrical Equipment Arrangement...............coeevveeeennennnns 8.3-31
8.3 1.2 ANALYSIS .. vneeieit e e 8.3-32
8.3.1.2.1 Compliance tO CriteTi. ... ..ouiurintintitiitiit it eiteeeeeeeeaeeeanaanans 8.3-32
8.3.1.2.1.1 GENETAL. ...ttt e 8.3-32
8.3.1.2.1.2 Reactor Protection System Power System ..............ccoeiviiiiiiiin.n. 8.3-34
8.3.1.2.1.3 Redundant (Division 1 and Division 2) Standby Alternating
Current POwWer SUpplies.......c.ovuiiiiiiiiiiii e 8.3-34
8.3.1.2.1.4 High-Pressure Core Spray (Division 3) Standby Alternating
Current POWer Supply......oooiiiiiiiii e 8.3-35
8.3.1.2.2 Tests and INSPECION .......ouviuiiiitit i eaeeeas 8.3-41
8.3.1.2.3 Service ENVIronment ............cooviiiiiiiiiiiiiiiiiiieiieieeeniaans 8.3-43
8.3.1.2.4 Offsite Power System Degradation .................ooeiiiiiiiiiiiiiiniinninnn, 8.3-44
8.3.1.2.4.1 GENETAL. .. ottt e 8.3-44
8.3.1.2.4.2 Class 1E Auxiliary Alternating Current Distribution System
VOItaES. . . et 8.3-44
8.3.1.2.4.2.1 Voltage Criteria .....c.oiuriintiitiit it ie it ee i i eeeanens 8.3-44
8.3.1.2.4.2.2 Expected Voltages - 25-kV Main Generating Unit Supply ............. 8.3-44
8.3.1.2.4.2.3 Expected Voltages - 230-kV Grid Supply ......coovvivriiiiiiiiinininnnnn. 8.3-45
8.3.1.2.4.2.4 Expected Voltages - 115-kV Grid Supply .......ccoovivriiiiiiiiinininnnnn. 8.3-45
8.3.1.2.4.3 Class 1E Auxiliary Alternating Current Distribution System Voltage
SEINSIIE. ..ot 8.3-45
8.3.1.2.4.3.1 Primary Undervoltage Sensing ..............cccoieiiriiiriiiniiiiinnnaannnns 8.3-45
8.3.1.2.4.3.2 Secondary Undervoltage Sensing ..............cccoeviiiriiiiiiiiinneeannnns 8.3-45
8.3.1.3 Physical Identification of Safety-Related (Class 1E) Equipment.............. 8.3-47
8.3.1.3.1 Class 1E Raceways, Cables, Equipment (Panels and Racks), and
ENCIOSUTES. ..ttt 8.3-48
8.3.1.3.2 Prime and Associated by Proximity Circuit Raceways, Cables,
Equipment, and EncloSures ............ooooiviiiiiiiiiiiiiiiieieeeeeene 8.3-48

LDCN-14-012 8-iii



COLUMBIA GENERATING STATION Amendment 63
FINAL SAFETY ANALYSIS REPORT December 2015

Chapter 8
ELECTRIC POWER

TABLE OF CONTENTS (Continued)

Section Page
8.3.1.3.3 Non-Class 1E Raceways, Cables, Equipment, and Enclosures............. 8.3-48
8.3.1.4 Independence of Redundant SySt€ms............c.ooviviiiiiiiiiiiiiiiiineennn.. 8.3-48
8.3.1.4.1 DEfINItiONS .....ouuintititit e e 8.3-49
8.3.1.4.2 General Separation CIiteria ........c.evuiriiririiitiiteiieireaaneaeaeanaanens 8.3-49
8.3.1.4.2.1 Cable Separation..........coueeuiintiirteie ettt et ee e i eieeaieaanens 8.3-49
8.3.1.4.2.2 Cable ROULINZ ... .uiuininititet e 8.3-51
8.3.1.4.2.3 Physical Separation Criteria ...........coviiiiiiiiiiiiiiiiiieeiieaeaanenns 8.3-52
8.3.1.4.2.4 Administrative Controls for Ensuring Separation Criteria ................ 8.3-53
8.3.1.4.2.5 Separation For Fail-Safe Systems .............cccooiiiiiiiiiiiiiiiinen, 8.3-53
8.3.1.4.2.6 Equipment and Circuits Requiring Separation .............................. 8.3-53
8.3.1.4.2.7 Compliance to Regulatory Guide 1.75, Revision 1......................... 8.3-53
8.3.1.4.3 Physical and Spatial Separation DetailS................coooeiiiiiiiiiiinin.n, 8.3-55
8.3.1.4.3.1 Standby Generating Units and Auxiliaries ..............ccoevviiiiinninnnn. 8.3-55
8.3.1.4.3.2 Direct Current POWer SYStemS ........couviriiiiiiiiiiiiiiieeiieaieaanenns 8.3-55
8.3.1.4.3.3 SWItCR@EAT ... .initi e 8.3-55
8.3.1.4.3.4 Motor Control Centers and Distribution Panels............................. 8.3-55
8.3.1.4.3.5 Containment Electrical Penetrations ...............cooevviiiiiiiniiniinninnnns 8.3-56
8.3.1.4.3.6 Power Generation Control CompleX ..........ccoviiiiiiiiiiiiiiiiaieannnnns 8.3-56
8.3.1.4.3.6.1 Termination CabiNets .........coveutiriititiitiiteiteieareaeaeaeanaanans 8.3-56
8.3.1.4.3.6.2 Modular FIoOr SECHONS ... ..uvuiiniitititiiteieieieeeeeeeeeeaaaans 8.3-56
8.3.1.4.3.6.3 Power Generation Control Complex Cable Assembly and Routing... 8.3-57
8.3.1.4.3.7 Separation Within Enclosures and Equipment............................... 8.3-57
8.3.1.4.3.8 Spatial Separation Between Raceways..............ccoiviiiiiiiiiiiiin., 8.3-59
8.3.1.4.3.9 Spatial Separation of 120/140VAC Ceritical (Class 1E) Instrument

POWET SYSIEIM. ...t e 8.3-59
8.3.1.4.4 Associated Circuit ANalySiS ........ouevtiiriiiiiiiitiiteiiiaiaeeeanaanans 8.3-59
8.3.1.4.4.1 Categories of Associated Circuits Treated as Non-Class 1E.............. 8.3-59
8.3.1.4.4.1.1 Analysis for Category 1A Non-Class 1E Circuits........................ 8.3-60
8.3.1.4.4.1.2 Analysis for Category 1B Non-Class 1E Circuits........................ 8.3-61
8.3.1.4.4.1.3 Analysis for Category 1C Non-Class 1E Circuits........................ 8.3-61
8.3.1.4.4.1.4 Analysis for Category 2A Non-Class 1E Circuits........................ 8.3-61
8.3.1.4.4.1.5 Analysis for Category 2B Non-Class 1E CircuitS........................ 8.3-63
8.3.1.4.4.1.6 Analysis for Category 3A Non-Class 1E Circuits........................ 8.3-63
8.3.1.4.4.1.7 Analysis for Category 3B Non-Class 1E CircuitS........................ 8.3-63
8.3.1.4.4.1.8 Analysis for Category 3C Non-Class 1E Circuits........................ 8.3-64
8.3.1.4.4.2 Categories of Associated Circuits Treated as Class 1E.................... 8.3-65

LDCN-14-012 8-iv



COLUMBIA GENERATING STATION Amendment 63
FINAL SAFETY ANALYSIS REPORT December 2015

Chapter 8
ELECTRIC POWER

TABLE OF CONTENTS (Continued)

Section Page
8.3.1.4.4.3 Specific Deviations to Separation Criteria - Reactor Protection

System POWeEr SUPPLY. ..ooiriiiii i 8.3-65
8.3.2 DIRECT CURRENT POWER SYSTEMS......ciiiiiieieeens 8.3-66
8.3.2.1 DESCIIPLION ...ttt ettt ettt et et e eaeaens 8.3-66
8.3.2.1.1 125-Volt Direct Current Division 1 and 2 Systems................c...c.oue.ns 8.3-67
8.3.2.1.1.1 General......ooinniiii i e 8.3-67
LI T B B 2 71 () § (< PR 8.3-67
8.3.2.1.1.3  CRAIEETS ..oneitiitii e 8.3-68
8.3.2.1.2 High-Pressure Core Spray (Division 3) 125-Volt Direct Current System 8.3-68
8.3.2.1.2.1 GeNEIal... .ot e 8.3-68
8.3.2.1.2.2 Battery and Charger.........ooviiiiiiiiii i e 8.3-69
8.3.2.1.2.3 Battery CapacCily ......ouiiniiintiitiit ittt e aaaas 8.3-69
8.3.2.1.2.4  CATZET ... . uttit ittt 8.3-69
8.3.2.1.3 +24-Volt Direct Current (Division 1 and 2) Systems........................ 8.3-69
8.3.2.1.3.1 General......oiiniiiii i e 8.3-69
LI I IS A 71 () § (o ST 8.3-70
8.3.2.1.3.3  CRAIEEIS ..ottt e 8.3-70
8.3.2.1.4 250-Volt Direct Current (Division 1) System..............cc.covvvviniinninn.n, 8.3-70
8.3.2.1.4.1 General......ooiniiiii i e 8.3-70
8.3.2.1.4.2  BalllrY .. euuniitint ittt 8.3-70
8.3.2.1.4.3  CRaIZET ... . uttit it e 8.3-71
8.3.2.1.5 Non-Class 1E Direct Current SyStems ..........c.eoveeriirenrenrenneneennennns 8.3-71
8.3.2.1.5.1 Main Plant 125-Volt Direct Current (Non-Class 1E) System. ........... 8.3-71
8.3.2.1.5.1.1 GeneTal ....ooinniiiiii i s 8.3-71
8.3.2.1.5.1.1.1 Battery (BL-7) .c.uiuiiiiiiiii e 8.3-71
8.3.2.1.5.1.1.2 Char@er (Cl1-7) ... e e et 8.3-71
8.3.2.1.5.2 Makeup Pump House 125-Volt Direct Current (Non-Class 1E) System 8.3-71
8.3.2.1.5.2.1 GeNETAl ....oointiiiii i s 8.3-71
8.3.2.1.5.2.2 Batteries (B1-3and B1-4) .......ccooiiiiiiiiii i 8.3-72
8.3.2.1.5.2.3 Chargers (C1-3and Cl1-4)........ccoiiiiiiiiiiii i, 8.3-72
8.3.2.1.5.3 405-Volt Direct Current (Non-Class 1E) System........................... 8.3-72
8.3.2.1.5.3.1 GeNETAl ....ooiniiiii i s 8.3-72
8.3.2.1.5.3.2 Battery (B1-6) ....ououiniiiiiiiiiii 8.3-72
8.3.2.1.5.3.3  ChaZET ... niniieit e 8.3-72
8.3.2.1.6 Ventilation ...........oiiiiiiiiiiit i s 8.3-72
8.3.2.1.7 Testing and MaINteNANCE ..........couiutiririteteitaateiteareeteareaneanaanaas 8.3-72
8.3.2.1.7.1 Periodic Maintenance TeSting.............ooviiiiiiiiiiiiiiiiiiiieiaananns 8.3-72




COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

Chapter 8
ELECTRIC POWER

TABLE OF CONTENTS (Continued)

Section Page
8.3.2.1.7.2 Exceptions to Institute of Electrical and Electronics Engineers

StANAATAS . .eoneeeie e 8.3-73
8.3.2.2  ANALYSIS .. ueneitit e 8.3-74
8.3.2.2.1 Compliance tO CriteTia . ... ..uuuinrintititiitiiteit i aeeeeeeeaeeeanaenens 8.3-74
8.3.2.2.1.1 GeNEIaAl.....eiiii i e 8.3-74
8.3.2.2.1.2 Divisions 1 and 2 125-Volt, +24-Volt, and 250-Volt Direct Current

15 1§ N 8.3-75
8.3.2.2.1.3 High-Pressure Core Spray (Division 3) 125-Volt Direct Current

A 1S5 1§ 8.3-76
8.3.2.2.1.4 Non-Class 1E Direct Current SyStemsS........c.coveevriiireeireeineanneannnns 8.3-76
8.3.2.2.2 Service Environment ...............cooiiiiiiiiiiiiiii e 8.3-77
8.3.2.3 Physical Identification of Safety-Related (Class 1E) Equipment.............. 8.3-77
8.3.2.4 Independence of Electrical DiviSions ...........cccooviiiiiiiiiiiiiiiiiiiineennn.. 8.3-77
8.3.3 FIRE PROTECTION FOR CABLE SYSTEMS ..o, 8.3-77
8.3.3.1 Resistance of Cables to Combustion ..............ccoiviiiiiiiiiiiiiiiiiineennn.. 8.3-77
8.3.3.2 Localization Of FIres ........c.oiiiiiiiiiii e 8.3-77
8.3.3.3 Detection and Protection SYStemS ..........oveiiriiiiiiiiiiiiiiieiieeaeeaneennnns 8.3-77
8.3.4 REFERENCES ... ..o e e 8.3-78

LDCN-07-030, 08-025, 08-030 8-vi




COLUMBIA GENERATING STATION Amendment 63
FINAL SAFETY ANALYSIS REPORT December 2015

Chapter 8
ELECTRIC POWER

LIST OF TABLES

Number Title Page
8.1-1 Engineered Safety Feature Systems............ccoovviiiiiiiiinininnen... 8.1-13
8.2-1 Main Generator Data...........o.oeiuiiiiiiiiii e 8.2-11
8.3-1 Division 1 Diesel Generator Loading - Automatic Loading of

Engineered Safety Systems Bus ...........coooviiiiiiiiiiiiiiiii 8.3-79
8.3-2 Division 2 Diesel Generator Loading - Automatic Loading of

Engineered Safety Systems Bus ...........ccooviiiiiiiiiiiiiiii 8.3-81
8.3-3 Division 3 Diesel Generator Loading - Automatic Loading

of Engineered Safety Systems Bus..............ccoooiiiiiiiiiinnnn.. 8.3-83
8.3-4 Motor and Motor Starter Voltage Requirements .......................... 8.3-84
8.3-5 Divisions 1 and 2 Standby Diesel Generator Annunciators.............. 8.3-85
8.3-6 Comparison of High-Pressure Core Spray Diesel Generators .......... 8.3-87
8.3-7 Class 1E Auxiliary Alternating Current Distribution System -

Acceptable Voltage Range..........c.ccoviiiiiiiiiiiiiiiiieeeee 8.3-88
8.3-8 System Bus Voltage Monitoring Alarms..............ccccoevviiiinninnnn.. 8.3-89
8.3-9 Plant Switchgear and Motor Control Center Direct Current Control

POwer Summary..........oooiiiiiiii 8.3-90
8.3-10 Battery Design Duty Cycles (Amperes vs. Time) Used for

Operability TeStING .....c.vvuiiiitii i 8.3-92
8.3-11 Division 1 125-Volt Direct Current Battery Design Duty Cycle ........ 8.3-93°
8.3-12 Division 2 125-Volt Direct Current Battery Design Duty Cycle ........ 8.3-94

“The italicized information is historical and was provided to support the application for an
operating license. It is no longer updated in the FSAR.

LDCN-15-007 8-vii



COLUMBIA GENERATING STATION Amendment 63
FINAL SAFETY ANALYSIS REPORT December 2015

Chapter 8
ELECTRIC POWER

LIST OF TABLES

Number Title Page
8.3-13 Division 3 (HPCS) 125-Volt Direct Current Battery Design Duty

Cycle HPCS-BI-DG3......c.couiuiiiiiiii it 8.3-95°
8.3-14 Division 1 250-Volt Direct Current Battery Design Duty Cycle ........ 8.3-96"

“The italicized information is historical and was provided to support the application for an
operating license. It is no longer updated in the FSAR.

LDCN-15-007 8-viii



Number
8.1-1
8.1-2.1
8.1-2.2
8.1-2.3
8.1-2.4
8.1-3
8.1-4
8.1-5
8.1-6
8.2-1
8.2-2
8.2-3
8.2-4
8.2-5
8.2-6
8.2-7

8.3-1

COLUMBIA GENERATING STATION Amendment 53
FINAL SAFETY ANALYSIS REPORT November 1998

Chapter 8
ELECTRIC POWER

LIST OF FIGURES

Title
500-kV Line Ties
Main One-Line Diagram - Main Buses
Main One-Line Diagram - Emergency Buses
Main One-Line Diagram - Miscellaneous Buses
Main One-Line Diagram - RRC ASD Buses
230-kV Line Ties
115-kV Line Ties
230-kV and 115-kV Auxiliary Power Layout
Electrical Symbol List (Sheets 1 and 2)
1998 Light Summer OCSG Case (Sheets 1 and 2)
1998 Light Winter WSCC Case (Sheets 1 and 2)
Stability Analysis Swing Case 98Lsas002 (Sheets 1 through 4)
Stability Analysis Swing Case 98Lsas019 (Sheets 1 through 4)
Stability Analysis Swing Case 98Lsas005a (Sheets 1 through 4)
Stability Analysis Swing Case 98Lwas028 (Sheets 1 through 4)
Stability Analysis Swing Case 98Lwas020 (Sheets 1 through 4)

Emergency Bus SM-7 Undervoltage Protection, Bus Transfer and Load
Sequencing

8-ix



COLUMBIA GENERATING STATION Amendment 64
FINAL SAFETY ANALYSIS REPORT December 2017

Chapter 8
ELECTRIC POWER

LIST OF FIGURES (Continued)

Number Title

8.3-2 Emergency Bus SM-8 Undervoltage Protection, Bus Transfer and Load
Sequencing

8.3-3 DELETED

8.34 Auxiliary One-Line Diagram (MCCs) (Sheets 1 through 6)

8.3-5.1 Vital One-Line Diagram

8.3-5.2 Reactor Protection System One Line Diagram

8.3-6 Diesel Generator Building Cable Tray and Conduit Plan - El. 441 ft O in.

8.3-7 Diesel Generator Logic Diagram - Division 1, Engine Start

8.3-8 Diesel Generator Logic Diagram - Division 1, Generator Breaker Close

8.3-9 Diesel Generator Logic Diagram - Division 2, Engine Start

8.3-10 Diesel Generator Logic Diagram - Division 2, Generator Breaker Close

8.3-11 DG1 Excitation System

8.3-12 DG1 Engine Start/Stop Controls

8.3-13 DG1 Air Start System Control

8.3-14 DG1 Governor Speed Control

8.3-15 DG1 Unit Protection Circuits

8.3-16 DG1 Engine Alarms (Sheets 1 and 2)

8.3-17 DG2 Excitation System

8.3-18 DG2 Engine Start/Stop Controls

8.3-19 DG2 Air Start System Control

LDCN-05-062 8-x



Number

8.3-20
8.3-21
8.3-22
8.3-23
8.3-24
8.3-25
8.3-26
8.3-27
8.3-28
8.3-29
8.3-30
8.3-31

8.3-32

8.3-33
8.3-34
8.3-35

8.3-36

COLUMBIA GENERATING STATION Amendment 53
FINAL SAFETY ANALYSIS REPORT November 1998

Chapter 8
ELECTRIC POWER

LIST OF FIGURES (Continued)

Title

DG2 Governor Speed Control

DG2 Unit Protection Circuits

DG2 Engine Alarms (Sheets 1 and 2)

Diesel Generator Logic Diagram - Division 3 (HPCS), Engine Start

Diesel Generator Logic Diagram - Division 3 (HPCS), Generator Breaker Close
Cable Tray Plans - Reactor Building El. 422 ft 3 in. and 441 ft O in.

Cable Tray Plans - Reactor Building El. 471 ft O in. and 501 ft O in.

Cable Tray Plans - Miscellaneous Details El. 522 ft O in.; Reactor Building
Cable Tray Plans - Reactor Building El. 448 ft O in. and 572 ft O in.

Cable Tray Plans, Sections and Details - Reactor Building

Cable Tray Plans, Sections and Details - Reactor Building

Division 3 (HPCS) Diesel Generator Transient Response

Critical Bus SM-4 Undervoltage Protection, Bus Transfer, and Loading
Sequence

Cable Tray Plans, Sections and Details - Radwaste and Control Building
Cable Tray Plans, Cable Spreading Room - Radwaste and Control Building
Cable Tray Plans, Cable Spreading Room - Radwaste and Control Building

Cable Tray Plans, Sections and Details - Radwaste and Control Building

8-xi



COLUMBIA GENERATING STATION Amendment 58
FINAL SAFETY ANALYSIS REPORT December 2005

Chapter 8
ELECTRIC POWER

LIST OF FIGURES (Continued)

Number Title

8.3-37 Cable Tray Plans, Sections and Details - Radwaste and Control Building

8.3-38 Cable Tray Plans, Sections and Details - Radwaste and Control Building

8.3-39 Power Generation Control Complex Plan - Cable Routing Detail

8.3-40 Power Generation Control Complex - Basic Assemblies and Shipping
Configuration

8.3-41 Power Generation Control Complex - Termination Cabinet Assembly

8.3-42 Power Generation Control Complex - Termination Cabinet Field Connection

8.3-43 Power Generation Control Complex - Termination Cabinet - Termination
Devices

8.3-44 Power Generation Control Complex - Cable Isolation Design

8.3-45 Power Generation Control Complex - Firestopping Detail

8.3-46 Power Generation Control Complex - Floor Section Assembly

8.3-47 Power Generation Control Complex - Mini-Duct Detail

8.3-48 Power Generation Control Complex - Fire Suppression

8.3-49 Power Generation Control Complex - Cable Routing Method

8.3-50 Non-Class 1E Circuit Categories Requiring Analysis (Sheets 1 through 3)

8.3-51 Associated Circuit Categories (Sheets 1 and 2)

8.3-52 Direct Current One-Line Diagram (Sheets 1 and 2)

8.3-53 Four Division Grouping of the Neutron Monitoring System Utilizing

Four Drywell Penetrations

LDCN-05-000 8-xii



COLUMBIA GENERATING STATION Amendment 57
FINAL SAFETY ANALYSIS REPORT December 2003
Chapter 8
ELECTRIC POWER

8.1 INTRODUCTION

8.1.1  UTILITY GRID DESCRIPTION

Columbia Generating Station plant power output is connected to the Bonneville Power
Administration (BPA) 500-kV transmission system. The two sources of offsite power are
provided by connections to the BPA 230-kV and 115-kV transmission systems.

The BPA has an installed hydroelectric generating capacity of over 15.7 million kW. The
BPA transmission facilities include over 15,012 miles of 115-kV to 500-kV ac and 1000-kV dc
transmission lines and over 300 substations. These transmission facilities together with the
hydroelectric generators mentioned above comprise the Federal Columbia River Power
System.

The federal Columbia River Power System is interconnected at more than 100 locations with
17 other transmission systems, including major interconnections with other regions.

Three high-voltage transmission line interconnections (two 500-kV ac, one 1000-kV dc) of the
Pacific Northwest-Pacific Southwest Intertie are in operation.

Two 500-kV ac lines interconnect the federal Columbia River Power System with British
Columbia, Canada. Several 230-kV ac lines interconnect the eastern portion of the system
with utilities in the mountain states and adjacent Canadian provinces. These interconnections
provide, in addition to mutual support in the event of a breakdown or emergency, the means
for mutually beneficial exchange of peaking capacity and energy between the Pacific Northwest
and other regions.

8.1.2  OFFSITE ELECTRICAL POWER SYSTEM DESCRIPTION

The offsite power system consists of the BPA grid; the step-up main transformer bank, and the
500-kV tie line to the BPA grid; the startup transformer and 230-kV tie line to the BPA grid;
and the backup transformer and 115-kV tie line to the BPA grid.

The 1230 MV A main generator output is fed into the BPA grid at the BPA Ashe Switchyard
500-kV bus via the step-up main transformer bank and a 3000-ft long 500-kV tie line. The
arrangements of the tie line and BPA 500-kV bus at Ashe Switchyard are shown in

Figure 8.1-1. When the main generator is on the line, the Class 1E and non-Class 1E
switchgear buses receive power from the main generator via a normal auxiliary transformer as
shown in Figure 8.1-2. This source has sufficient capacity to carry both the plant normal
auxiliary loads and the plant engineered safety feature (ESF) loads.
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Two immediately available sources of power from the BPA grid are provided to supply offsite
power, one from the BPA 230-kV grid and one from the BPA 115-kV grid. The 230-kV
source is from the 230-kV bus at the BPA Ashe Switchyard via a 3000-ft long 230-kV tie line,
through the startup transformer, to the 4.16-kV non-Class 1E switchgear buses to the Class 1E
switchgear buses and the 6.9-kV switchgear buses. The arrangements of the BPA 230-kV grid
at Ashe Switchyard and the 230-kV tie line to the plant are shown in Figure 8.1-3. The startup
transformer and non-Class 1E switchgear bus arrangement is shown in Figure 8.1-2. An
automatic fast transfer system is provided to transfer the 4.16-kV and 6.9-kV non-Class 1E
buses from the normal auxiliary transformer to the startup transformer if the generator source
is lost. This 230-kV source has sufficient thermal capacity to carry both the plant normal
auxiliary loads and the plant ESF loads.

The 115-kV source is from the BPA 115-kV Benton Switchyard via a 4-mile long 115-kV tie
line and the backup transformer to the Class 1E switchgear buses. The arrangement of the
BPA Benton Switchyard and the 115-kV tie line to the plant is shown in Figure 8.1-4. The
connections from the backup transformer to the 4.16-kV Class 1E switchgear buses are shown
in Figure 8.1-2. If power is not available from the generator source and the 230-kV source,
Class 1E buses SM-7 and SM-8 will be automatically transferred to the 115-kV system source.
This 115-kV source has sufficient capacity to carry the Division 1 and 2 ESF loads only;|the

tie breakers between the 4.16-kV Class 1E and non-Class 1E buses are therefore automatically
opened prior to the backup source breakers closing.

A communication system is provided between Columbia Generating Station and the BPA Ashe
Switchyard for remotely controlling the 500-kV power circuit breakers, for synchronizing, for
interlocking with the plant step-up main transformer bank primary disconnect switch, for
equipment protection, and for communication. Columbia Generating Station has a Fiber Optic
Transfer Trip (FOTT) system, consisting of communications, control, and annunciation
equipment associated with the 230 kV and the 500 kV network interconnections between CGS
and BPA’s Ashe substation. The FOTT system is used to transmit critical trip, control, and
indication signals for transmission line protection, breaker supervisory control and indication
as well as breaker position interlocks to the DEH/Turbine Control system. Various signals
travel in both directions along fiber optic tele-communication channels for protection and
operation of the 500 kV lines providing power to the network from the CGS generator and for
protection of the 230 kV line interconnection providing station service to CGS.

The locations of the switchyard and electric power distribution system equipment appear in

Figures 1.2-1 and 8.1-5. The layout arrangement of the 230-kV and 115-kV auxiliary power
equipment appear in Figure 8.1-5.
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8.1.3  ONSITE ELECTRICAL POWER SYSTEM DESCRIPTION

The plant onsite electrical power system consists of the main generator and the normal
auxiliary transformers, standby ac power system, high-pressure core spray (HPCS) power
system, 4.16-kV, 6.9-kV, and 480-V ac power distribution systems, 125-V and 250-V dc
power distribution systems, +24-V dc power distribution system, the 120/208 and 120/240-V
ac instrumentation and uninterruptible power systems, and the 120-V ac reactor protection
system (RPS) power system. These systems provide a diversity of dependable power sources
which are physically isolated from one another.

The normal auxiliary transformers provide power to all plant auxiliaries and become the
normal plant ac power source when the main generator is operating. One of the normal
auxiliary transformers is a dual secondary type with both windings stepping down the generator
voltage to 4.16-kV for supply of 4.16-kV non-Class 1E switchgear buses. The other normal
auxiliary transformer steps down the generator voltage to 6.9-kV for supply of 6.9-kV
non-Class 1E switchgear buses. Both transformers supply the switchgear buses via
nonsegregated phase bus with main circuit breakers located in the switchgear. Removable
links are provided in each of the transformer primary isolated phase bus ducts for isolation of
the transformers.

The startup transformer (as described in Section 8.1.2) is a dual secondary type, stepping down
the 230-kV line voltage to 4.16-kV and 6.9-kV. The 4.16-kV and 6.9-kV secondaries can
supply power to the same 4.16-kV and 6.9-kV non-Class 1E switchgear buses supplied by the
normal auxiliary transformers. Connections to the buses are also via nonsegregated phase bus
with main circuit breakers located in the switchgear.

The backup transformer (as described in Section 8.1.2) steps down incoming 115-kV voltage to
4.16-kV and can supply backup power to two 4.16-kV Class 1E switchgear buses. All
connections to the 4.16-kV switchgear buses are via cable to main circuit breakers located in
the switchgear.

The standby ac power system provides an onsite power source for all ESF loads when the
normal, preferred (startup), and backup offsite power supplies are not available.

The Division 1 and 2 standby ac power sources consist of two independent 4.16-kV Class 1E
diesel generators, each connected to one of the two 4.16-kV Class 1E switchgear buses via two
main circuit breakers. One breaker is located near the diesel generating unit; the other is
located in the 4.16-kV Class 1E switchgear.

The Division 3 standby ac power source, which is supplied for the HPCS system and support
auxiliaries, consists of one independent 4.16-kV Class 1E diesel generator connected to its own
4.16-kV Class 1E switchgear bus via a main circuit breaker located in the switchgear. Under
the specific conditions described in Section 8.3.1.1.7.2.1, this standby power source has the
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capability to be cross connected to the Division 1 or Division 2 buses via permanently installed
cables. It does not have as high a capacity as the Division 1 or 2 standby sources; however, it
is capable of providing power to critical Division 1 or 2 components required to maintain safe

shutdown conditions.

The standby ac power system is sized to provide the required power to safely shut down the
reactor, maintain safe shutdown condition, and operate ESF auxiliaries necessary for plant
safety during and after shutdown.

The plant 480-V ac auxiliary power system distributes ac power necessary for normal auxiliary
and ESF 480-V plant loads. All non-ESF elements of this distribution system are capable of
being supplied from the normal auxiliary power source or from the startup power source via
the 4.16-kV non-Class 1E switchgear. The ESF portions of the 480-V distribution system are
supplied via the 4.16-kV Class 1E switchgear and therefore are capable of being supplied by
either the normal, startup, backup, or standby sources (except that the HPCS power system
cannot be supplied by the backup source).

The Division 1 and 2 plant 125-V dc power distribution systems provide two independent
onsite sources of power for normal operation and ESF dc loads. A separate 125-V dc power
system is also provided for the HPCS system.

A 250-V dc power system provides a reliable onsite source of power for the turbine auxiliary
oil pumps and for RCIC pumps and valves.

The +24-V dc power system provides a reliable onsite source of power for process radiation
monitoring instrumentation and nuclear instrumentation.

The 120/240-V uninterruptible ac power system provides for non-ESF plant communications,
computer, and controls and instrumentation.

The 120/208-V non-Class 1E instrumentation ac power system provides power for non-ESF
control and instrumentation loads. However, the system is supplied via the 480-V Class 1E
motor control centers.

The 120/240-V critical (Class 1E) instrumentation ac power system provides power for ESF
plant controls and vital instrumentation in the main control room. The system is separated into
Division 1 and Division 2 portions with separate distribution panels, static switches, inverters,
and ac and dc sources fed from their respective divisional sources.

The RPS power system, including the RPS motor generator (MG) sets, supplies power to the
logic system that operates the RPS. The power system contains sufficient stored energy to
remain available throughout switching transients. The safe failure characteristics of the RPS
exempt the power system from being classified essential. However, redundancy is provided to
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avoid an unnecessary plant shutdown on interruption of power to one RPS bus. The system is
also grounded, preventing unsafe failures that might occur from multiple grounds.

A supervisory (multiplexing) system is provided between the main plant and the standby
service water (SW) pump house, makeup water pump house, cooling tower, and
meteorological tower areas to monitor and control operation of equipment at these locations
from the main control room. There are no safety-related control functions performed by the
supervisory systems.

The main one-line diagram appears in Figure 8.1-2. The electrical symbol designators are
shown in Figure 8.1-6.

Compliance with Regulatory Guides 1.81, 1.89, and 1.93 is addressed in Section 1.8.
8.1.4  SAFETY LOADS

The principal ESF subsystem device loads requiring electric power to perform safety functions
are included in Tables 8.3-1, 8.3-2, and 8.3-3. Tables 8.3-1 and 8.3-2 indicate the redundant
(Divisions 1 and 2) loads associated with safe shutdown systems. Table 8.3-3 indicates loads
associated with the HPCS power system (Division 3). Table 8.1-1 indicates the safety
functions performed and the type of power source used by each of the ESF systems.

8.1.5 DESIGN BASES

8.1.5.1  Offsite Electrical Power System

The offsite power system is designed to provide reliable offsite power sources to plant
auxiliary systems during plant startup and shutdown or any time that power is unavailable from
the main generator.

To minimize the possibility of line failures from such causes as wind, ice loading, temperature,
lightning, and flooding the transmission lines interconnecting the plant with the utility systems
are designed and constructed in accordance with the industry standards for environmental
conditions prevalent in the area.

The 500-kV plant output and 230-kV plant startup lines originating at the Ashe Switchyard
located 3000 ft north of the plant site run parallel to each other on separate rights-of-way.

The backup 115-kV line from Benton Switchyard, geographically isolated from the 500-kV and
230-kV lines, approaches the plant site from a southeasterly direction and does not run parallel
to or cross the other lines. It is physically independent of the 500-kV and 230-kV lines and
provides another power source for ESF loads. Its physical separation from the 500-kV and
230-kV lines minimizes the likelihood of a simultaneous outage of all offsite sources.
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The normal power supply to plant auxiliary loads is provided through the normal auxiliary
transformers connected to the generator bus. On trip of the generator, the auxiliary loads are
automatically fast transferred (simultaneous open/close) to the startup transformer for supply of
offsite power.
Normally only one power supply breaker to a bus is closed. During manually initiated transfer
after startup, during shutdown, or when removing a transformer for maintenance, the closing
of one circuit breaker initiates the trip of the other, allowing only momentary paralleling of
two sources.
Operation of undervoltage relays on the 4.16-kV Class 1E buses is designed to start the
associated diesel generators and initiate load shedding and sequencing control as described in
Sections 8.3.1.1.7.1.7 and 8.3.1.1.7.2.7.
Station blackout is addressed in Appendix 8A.
The offsite power system is designed in accordance with the applicable portions of the
following criteria, with a level of implementation as described in Section 8.2.2.4. Specific
data regarding the use of alternate approaches in instances of nonconformance are discussed
therein.

a. General Design Criterion (GDC) 17 - Electric Power Systems

b. GDC 18 - Inspection and Testing of Electric Power Systems

C. GDC 33 - Reactor Coolant Makeup

d. GDC 34 - Residual Heat Removal

e. GDC 35 - Emergency Core Cooling

f. GDC 38 - Containment Heat Removal

g. GDC 41 - Containment Atmosphere Cleanup

h. GDC 44 - Cooling Water

i IEEE 308-1974 - Class 1E Electrical Systems for Nuclear Power Generating
Stations

j- Regulatory Guide 1.32, Revision 2 - Use of IEEE 308-1974
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Fiber Optic Transfer Trip (FOTT) system consists of a communications, controls, and
annunciation equipment transmitting signals between CGS and ASHE substation for 230 kV
and 500 kV transmission line protection, supervisory control and indication of the 500 kV bus
tie breakers, and 500 kV breaker position indication inputs to the DEH/Turbine Control
System protection logic.

CGS FOTT system is based on the concept of “quad redundancy,” or two sets of redundant
systems. This design eliminates single point vulnerability. This redundancy allows for on-line
maintenance, so maintenance can be done more frequently.

This system includes digital, tele-communication components. It uses bi-directional SONET
Ring configuration which provides multiple transmission paths for the information between
CGS and Ashe Substation. This increases the reliability of the system.

The response time for the system does not add unnecessary time delay to the clearing or
operating times of the protection scheme. FOTT signal transit time is approximately one cycle
(16 ms).

There is a Sequence of Events Recorder (SER) in the CGS Communication Room (RW 525)
that provides a time tagged record of alarms in the case of a plant FOTT initiated plant trip, or
other FOTT equipment problems during plant operations that are visible to PBA dispatch
control centers. The SER processes signals from both ends of the FOTT system from Ashe or
CGS that also that also drives two trouble alarm annunciator windows in the CGS Main
Control Room for either the 230 kV FOTT or the 500 kV FOTT system.

8.1.5.2  Onsite Electrical Power System

The onsite power system is designed to supply the power requirements of all auxiliary plant
loads during normal operation and to ESF loads when required. Sufficient instrumentation and
protective control devices are provided to maximize operational reliability and availability of
the supply system.

Those portions of the onsite power system required for the distribution of power to ESF
electrical components are designed to provide reliable availability of power essential to shut
down and maintain the unit in a safe condition and/or limit the release of radioactivity to the
environment following a design basis accident (DBA). The physical events that accompany
such an accident will not interfere with the ability of the system to mitigate the consequences of
that accident within the acceptable limits, even assuming a single, simultaneous failure in the
electrical system.

Two immediate access (offsite) power sources are provided for the Division 1 and Division 2
ESF systems; one immediate access (offsite) power source is provided for the Division 3

(HPCS) system. | One additional offsite power source is available to each (Division 1, 2, and 3)

v

v
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Tdivision by disconnecting the main generator bus linksTand backfeeding the safety-related buses
from the 500 kV network. Additionally, one independent Class 1E 4.16-kV diesel generator
and one independent Class 1E 125-V dc system are provided for each division load group.

The redundant ESF electrical load groups (Divisions 1 and 2) are provided with separate onsite
standby power sources, electrical buses, distribution cables, controls, relays, and other
electrical devices. Redundant parts of the system are physically independent to the extent that
no single credible event, including a single electrical failure, will cause loss of power to both
redundant load groups. An independent raceway system is provided to meet load group cable
separation requirements for each of these divisions, as well as for the HPCS (Division 3) and
RPS (Division 4, 5, 6, and 7) divisions.

Each Division 1 and 2 standby power source has sufficient capacity to provide power to all its
required divisional loads. In the event of loss of the normal and offsite power sources (as
detected by 4.16-kV Class 1E bus undervoltage) or receipt of LOCA signals, these standby
sources are designed to start and, if an undervoltage condition exists, connect automatically.
This is accomplished in sufficient time to maintain the reactor in a safe condition, safely shut
down the reactor, or limit the consequences of a DBA to acceptable limits.

The standby electrical system 4.16-kV Division 1 or 2 switchgear buses and associated diesel
generators, 480-V ac auxiliary distribution systems, 120/208-V ac, 120/240-V ac, and 125-V
and 250-V dc power and control systems all conform to Seismic Category I requirements and
are housed in Seismic Category I structures. Detailed descriptions of equipment seismic design
and capability are contained in Section 3.10.

The Division 3 HPCS standby power source is designed to supply all power required for
emergency core cooling (water spray) in the event of a LOCA. The system consists of the
4.16-kV HPCS switchgear bus, HPCS pump motor and diesel generator, and the associated
480-V HPCS auxiliary distribution system supplying motor-operated valves, engine cooling
water pumps, and miscellaneous engine auxiliary loads. The system is capable of performing
its function when subjected to the effects of prevalent natural phenomena at the plant site and
is designed in accordance with Class 1E requirements. All HPCS system equipment is housed
in a Seismic Category I structure. The system is self-contained, except for access to the
normal and offsite sources of power (by connection through the plant ac power distribution
system) and for instrumentation connection to the LOCA start signal. Isolated operation
independent of electrical connections to other power sources is accomplished by use of direct
connection to the 4.16-kV HPCS diesel-generator. Auxiliary equipment such as heater, air
compressor, and battery charger are supplied from the same power source as the HPCS pump
motor.

In the event that offsite power is unavailable, the HPCS diesel generator (standby power

source) can furnish onsite power in sufficient time to provide all power for startup and
operation of the HPCS pump motor compatible with accident mitigation. The diesel generator
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starts automatically on receipt of 4.16-kV HPCS bus (SM-4) undervoltage or plant LOCA
signals. Under the condition of bus SM-4 undervoltage, the diesel generator unit is also
connected to the bus automatically. The HPCS diesel generator has an electrical cross connect
capability to allow it to energize selected Division 1 or Division 2 equipment by feeding from
the HPCS bus to the associated Division 1 or Division 2 buses. The HPCS diesel generator
does not have the capacity to assume all the Division 1 or 2 loads, however, it can energize
selected loads during an extended station blackout or a non-DBA loss of offsite power as
described in Section 8.3.1.1.7.2.1.

Manual controls are provided for all diesel generators to permit the plant operator to select the
most suitable source to supply power to loads. An automatic start signal will override the test
mode. Provision is made for control from both the main control room and from the diesel
generator building local control panel.
The RPS power system is designed to serve as a continuous, dependable source of power for
the RPS logic. The system supplies power from two independent MG set sources, each
capable of sustaining output voltage and frequency where momentary loss of input power
occurs (e.g., due to switching). The system is classified as nonessential (Division A and B)
since loss of output power due to open, short, or ground causes the reactor to trip.
The onsite power system is designed in accordance with the applicable portions of the
following criteria, with a level of implementation as described in Sections 8.3.1.2 and 8.3.2.2.
Specific data regarding the use of alternative approaches in instances of nonconformance, and
information regarding conformance to differing revisions of the criteria indicated below, are
discussed therein.

a. GDC 3 - Fire Protection

b. GDC 17 - Electrical Power Systems

C. GDC 18 - Inspection and Testing of Electrical Power Systems

d. GDC 21 - Protection System Reliability and Testability

e. GDC 33 - Reactor Coolant Makeup

f. GDC 35 - Emergency Core Cooling

g. GDC 38 - Containment Heat Removal

h. GDC 41 - Containment Atmosphere Cleanup

i GDC 44 - Cooling Water
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Regulatory Guide 1.6, Revision O - Independence Between Redundant Standby
(Onsite) Power Sources and Between Their Distribution Systems

Regulatory Guide 1.9, Revision O - Selection of Diesel Generator Set Capacity
for Standby Power Supplies

Regulatory Guide 1.22, Revision O - Periodic Testing of Protection System
Actuation Functions

Regulatory Guide 1.29, Revision 3 - Seismic Design Classification

Regulatory Guide 1.30, Revision 0 - Quality Assurance Requirements for the
Installation, Inspection and Testing of Instrumentation and Electrical Equipment

Regulatory Guide 1.32, Revision 2 - Use of IEEE Standard 308-1974 Criteria
for Class 1E Electric Systems for Nuclear Power Generating Stations

Regulatory Guide 1.40, Revision O - Qualification Tests of Continuous-Duty
Motors Installed Inside the Containment of Water-Cooled Nuclear Power Plants

Regulatory Guide 1.41, Revision O - Preoperational Testing of Redundant
Onsite Electric Power Systems to Verify Proper Load Group Assignments

Regulatory Guide 1.47, Revision 0 - Bypassed and Inoperable Status Indication
for Nuclear Power Plant Safety Systems

Regulatory Guide 1.53, Revision O - Application of the Single-Failure Criterion
to Nuclear Power Plant Protection Systems

Regulatory Guide 1.62, Revision 0 - Manual Initiation of Protective Actions

Regulatory Guide 1.63, Revision O - Electrical Penetration Assemblies in
Containment Structures for Water-Cooled Nuclear Power Plants

Regulatory Guide 1.73, Revision 0 - Qualification Tests of Electric Valve
Operators Installed Inside the Containment of Nuclear Power Plants

IEEE 279-1971 - Criteria for Protection Systems for Nuclear Power Generating
Stations

IEEE 308-1974 - Class 1E Electrical Systems for Nuclear Power Generating
Systems
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IEEE 323-1971 - Standard for Qualifying Class 1E Equipment for Nuclear
Power Generating Stations

IEEE 338-1971 - Criteria for Periodic Testing of Nuclear Power Generating
Station Class 1E Power and Protection Systems

IEEE 344-1971 - IEEE Recommended Practices for Seismic Qualification of
Class 1E Equipment for Nuclear Power Generating Stations

IEEE 387-1972 - Trial Use Criteria for Diesel Generator Units Applied as
Standby Power Supplies for Nuclear Power Generating Stations
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Table 8.1-1

Engineered Safety Feature Systems

System and Function Power Supply Section

Containment systems

Containment cooling system (RHR suppression pool cooling) ac, dc 6.2
Primary containment isolation system (NSSS) ac, dc 6.2
Reactor building ventilation and pressure control system ac, dc 7.3

Emergency core cooling system

High-pressure core spray system ac, dc 7.3
Low-pressure core spray system ac, dc 7.3
Automatic depressurization system dc 7.3
Residual heat removal system ac, dc 7.3

Low-pressure coolant injection system

Standby service water system (emergency equipment ac, dc 7.3
cooling water system)

Habitability systems

Control room HVAC system ac, dc 6.4

Fission product removal and control systems

Standby gas treatment system ac, dc 6.5
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8.2  OFFSITE POWER SYSTEM

8.2.1  DESCRIPTION
The offsite power system consists of the following elements and the connections between them.

The Bonneville Power Administration (BPA) utility grid,

The 500-kV and 230-kV tie lines from the plant to the BPA Ashe Switchyard,
The 115-kV tie line from the plant to the BPA Benton Switchyard,

The plant main generators step-up main transformer bank, and

The plant startup and backup transformers.

o a0 o

See Section 8.2.2 for a discussion of conformance to applicable regulatory guides and
standards.

8.2.1.1  Utility Grid Arrangement

The plant output 500-kV tie line is connected to the BPA utility grid at the Ashe Switchyard
located 3000 ft north of the plant. Figure 8.1-1 shows the BPA Ashe 500-kV Switchyard
arrangement and the connection of the plant 500-kV tie line.

The BPA 500-kV bus at the Ashe Switchyard is a double bus-double breaker arrangement.
The Ashe 500-kV bus is tied into the BPA 500-kV network by four 500-kV lines that connect
to the Hanford, Slatt, Lower Monumental, and Marion 500-kV Switchyards.

The BPA line from Ashe to Hanford is 18 miles long and the BPA line from Ashe to Lower
Monumental is 41 miles long. The BPA line from Ashe to Marion is 224 miles long. The
BPA line from Ashe to Slatt is 72 miles long. Each line has a thermal load capacity of about
3000 MW.

The protective relaying for the 500-kV lines consists of redundant microprocessor relays and
transfer trips. The Hanford, Lower Monumental, and Slatt lines are equipped with single pole
switching and high-speed reclosing for single line to ground faults. A breaker failure scheme
is provided so that in the event of a breaker failure to trip on a fault, only the bus sections
adjacent to the failed breaker are lost.

The BPA network 230-kV bus arrangement at the Ashe Switchyard is shown in Figure 8.1-3.
The 230-kV bus is a main bus-transfer bus type configuration. The BPA 230-kV line from the
Ashe Switchyard to the DOE 230-kV loop is 9.5 miles long and the BPA 230-kV line from
Ashe Switchyard to the BPA White Bluffs Substation is 5 miles long. Each line has a capacity
of about 350 MW. The 230-kV line from Ashe to the DOE 230-kV loop is equipped with
redundant protective relays for line fault protection with a three terminal line transfer trip
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scheme. The protective relaying for the 230-kV line to the White Bluffs Switchyard consists of
redundant protective relays. Both lines are provided with a local breaker failure trip.

The BPA network arrangement at Benton Switchyard is shown in Figure 8.1-4. Benton
Switchyard is located 3 miles east-southeast of Columbia Generating Station (CGS). The BPA
115-kV bus at Benton has a main bus-transfer bus configuration. The network connections that
can supply power to the Benton Switchyard are the two lines to Midway Switchyard (29 miles
long), the two lines to Franklin Substation (21 miles long), and the two lines to White Bluffs
(11 miles long). Each of these lines has a capacity of over 100 MW. The lines out of the BPA
Benton Switchyard are equipped with redundant microprocessor protective relays for line fault
protection. All lines are equipped with breaker failure relays to provide local breaker failure
backup.

8.2.1.2  Offsite Power Transmission Lines

The 500-kV transmission lines involved in this area are predominantly two or three bundle
conductor designs. | The isokeraunic level is five,|i.e., an average of five thunderstorm days
per year occur in the area of the station, which is reasonably low. Most existing lines east of
the Cascades have continuous overhead ground wires. All future 500-kV lines east of the
Cascades will also have continuous overhead ground wires for their entire length.

The 500-kV plant output transmission line originates at the CGS step-up main transformer bank
and extends 3000 ft to the 500-kV Ashe Switchyard. Connection at the step-up main
transformer bank is made via ground mounted bus (post type) and a disconnect switch.

The line is a horizontal flat spaced configuration using triple bundle cable. Each phase
conductor consists of three aluminum cable steel-reinforced “bunting” subconductors
maintained at constant spacing by fixed spacers. Standard Stockbridge dampers are used to
damp aeolian vibration if needed. Subconductor twisting has not been a problem on existing
lines and it is not anticipated that this problem will occur on this line. Accumulation of dust on
insulators is a problem only when transmission lines cross areas where intensive farming
activities occur. Since the 500-kV line is not traversing cultivated areas, this problem is not
expected to occur. With the use of continuous overhead ground wires and an isokeraunic level
of five, it is anticipated that lightning caused outages will not be a problem. | Conductors and

| towers are designed for 0.5 in. (uniform distribution) ice loading and 8 psf wind loading.
Since ice storms produce nonuniform coatings of ice of density between 14 and 27 1b/ft’, and
the design basis covers ice at 57 1b/ft’, the towers and conductors should be capable of
withstanding an asymmetrical ice loading of approximately 2 in. thickness. The type of storm
required to deposit this much ice is unlikely to occur east of the Cascade Mountains where the
plant is located.

The 230-kV preferred plant startup and safe shutdown transmission line is 3000 ft long,
originating at the 230-kV Ashe Switchyard and connecting to the CGS startup transformer.
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The 115-kV backup plant safe shutdown transmission line is 4 miles long. It originates at the
Benton Switchyard and connects to the CGS backup transformer via an oil filled circuit
breaker, and a BPA owned and operated 115kV disconnect switch, BS99, located east of the
transformer yard.

All incoming and outgoing lines have lightning arresters connected at the transformer
terminals.

Figures 1.2-1 and 8.1-5 show the relative physical locations of the generating plant buildings,
step-up main transformer bank, normal auxiliary transformers, startup and backup

transformers, transmission lines, and distribution equipment.

8.2.1.3  Main Generator and Step-Up Main Transformer Bank

The turbine generator is rated at 25-kV, 1230 MVA, 0.975 power factor and has a hydrogen-
cooled rotor and water-cooled stator. The generator neutral is grounded through a transformer
with a secondary resistor. The brushless excitation system consists of a permanent
magnet-pilot exciter, ac main exciter, and rotating rectifier assembly connected to the
generator shaft. Current transformers are provided in the main leads for relaying and
metering. Main generator data is given in Table 8.2-1.

The generator is connected to the step-up main transformer bank with a forced-air-cooled,
isolated phase bus duct. Potential transformers for relaying, metering, and voltage regulation
are provided and connected to the isolated phase bus duct. Separate isolated phase bus ducts
are tapped from the main bus to supply power to the normal auxiliary transformers.

The main transformer bank, stepping up generator output from 25-kV to 500-kV, consists of
four single phase transformers (one transformer is spare). The bank is delta connected on the
primary (low voltage) side, and wye connected on the secondary (high voltage) side with a
solidly grounded neutral.

The location of the generator step-up main transformer bank is outdoors on the north side of
the turbine generator building.

The generator stator winding is protected against internal faults by high-speed differential
relays. Stator ground fault protection is provided by a neutral ground overvoltage relay in the
high impedance grounding circuit. An instantaneous overvoltage relay is also furnished in the
circuit to provide ground fault protection during turbine generator warm-up.

The generator rotor is protected against excessive heating due to asynchronous operation by

loss of field relays. Protection from excessive heating due to unbalanced stator winding
currents is provided by negative sequence current relays.
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The steam turbine is protected against excessive heating caused by motoring of the generator
during periods of a low or zero steam flow by differential pressure anti-motoring devices.
Directional power relays are provided to back up the antimotoring devices. In addition, an
instantaneous overcurrent relay is provided to give backup protection when the 500-kV
breakers are open.

Under frequency relays are provided for protection of the turbine.

The step-up main transformer bank is protected against faults by high-speed differential relays
and by sudden pressure relays.

Relay signals from any of the generator or step-up main transformer bank protective devices
previously described will trip the generator field, trip the 5S00-kV Ashe Switchyard power
circuit breakers, and trip appropriate plant auxiliary distribution system breakers. Fast transfer
to the plant startup transformer would also be initiated automatically by the generating unit trip
system (see Section 8.2.1.4).

In addition to the primary level of fault protection described above, there is a secondary level
of protection provided by unit overall differential relays. The zone for these relays includes
the generator, isolated phase generator bus, the normal auxiliary transformers, and generator
step-up main transformer bank.

Step-up main transformer bank oil levels, oil temperature, and winding hot-spot temperatures
are also monitored and annunciated, but the associated relays do not initiate tripping.

8.2.1.4  Normal Auxiliary, Startup, and Backup Transformers and Buses

The two normal auxiliary transformers (TR-N1, TR-N2), the startup transformer (TR-S), and
the backup transformer (TR-B) are located outdoors at the north side of the turbine generator
building. The TR-N1, TR-N2, and TR-S are connected to the ac distribution system by
nonsegregated phase bus ducts. The TR-B is connected by cable.

All transformers are three-phase, outdoor, oil-filled type with wye connected secondary
(low-voltage) windings individually resistance grounded (transformers TR-N1 and TR-S are
dual secondary winding type). The normal auxiliary transformers and backup transformer
have ratings at both 55°C and 65°C temperature rise; the startup transformer is rated at 65°C
temperature rise.

The normal auxiliary transformers together have the capability of supplying all plant operating
loads. Transformer primary (high-voltage) windings of each are delta connected. | The

25/4.16/4.16-kV dual secondary transformer (TR-N1) is rated 24/32/40 MVA at 55°C
temperature rise, OA/FA/FA cooled. The secondary windings are rated 9.6/12.8/16 MVA
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and 14.4/19.2/24 MVA. The ratings at 65°C are approximately 12% higher. The 25/6.9-kV
transformer (TR-N2) is rated 16.2/23.63/31.25 MVA at 55°C temperature rise, OA/FA/FA
cooled. The 65°C rating is approximately 31.7 MVA.

The startup transformer (TR-S) has the capacity to supply full startup, normal running, and
engineered safety feature (ESF) shutdown loads for Divisions 1, 2, and 3. Transformer
primary (high-voltage) winding is wye connected with a solid connection to ground. An
intermediate delta connected winding is provided between the single wye connected primary
and dual wye connected secondary windings. | This 230/6.9/4.16-kV transformer is rated

42/56/68.66 MVA at 65°C temperature rise OA/FA/FA cooled. The 6.9-kV secondary
winding is rated 18/24/28.66 MVA and the 4.16-kV secondary winding is rated
24/32/40 MVA.

The backup transformer (TR-B) has the capability of supplying the full power requirements of
the ESF systems for both Division 1 and Division 2. Transformer primary (high-voltage)
winding is wye connected with a solid connection to ground. An intermediate delta connected
winding is provided between the wye connected primary and secondary winding. | This

115/4.16-kV transformer is rated 10/12.5 MVA at 55°C temperature rise, OA/FA cooled, and
11.2/14 MVA at 65°C, OA/FA cooled.

Figure 8.1-5 is a representation of the physical layout of the supply circuitry which connects
the startup transformer and the backup transformer to their respective transmission lines.

Protective relaying provided for each transformer includes differential current and sudden
pressure relays to sense internal transformer faults, and primary overcurrent relays to provide
backup for secondary faults. These relays in turn actuate the affected transformer lockout
relay.

The plant startup and backup transformers are also provided with overcurrent relays in the
primary winding ground connection.

Protective relay signals from the normal auxiliary transformers will trip the generator field,
and trip and lock out the 500-kV Ashe Switchyard power circuit breakers and appropriate plant
auxiliary distribution system breakers. Transfer to the plant startup transformer would also be
initiated automatically through lockout relays.

Protective relay signals from the startup transformer will trip and lock out the 230-kV Ashe
Switchyard circuit breaker and appropriate plant auxiliary distribution system breakers. In the
event the main generating unit is synchronized with the 500-kV system and plant auxiliaries are
operating from the startup transformer and a loss of the startup transformer occurs, then a unit
lockout condition will open the 500-kV Ashe Switchyard power circuit breaker, open the
startup breakers (the normal breakers are already open), and trip the main turbine.
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Table 8.2-1

Main Generator Data

Rating, MVA 1230
Power factor 0.975
Voltage, kV 25
Frequency, Hz 60
Speed, rpm 1800
Hydrogen pressure, psig 75
Synchronous reactance® 173
Transient reactance® 43.4
Subtransient reactance® 29

2 Percent at rated kVA and kV.
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8.3  ONSITE POWER SYSTEMS

8.3.1 ALTERNATING CURRENT POWER SYSTEMS

8.3.1.1  Description

Principal elements of the Columbia Generating Station (CGS) auxiliary ac electrical systems
are illustrated in Figure 8.1-2. Four auxiliary transformers are provided.

Normal auxiliary power is provided by two normal auxiliary transformer fed from the main
generator 25-kV isolated phase bus. The startup transformer is connected to the Bonneville
Power Administration (BPA) 230-kV H. J. Ashe Switchyard. These auxiliary systems each
have the capacity to carry the full plant auxiliary load. A backup transformer is provided to
supply all Divisions 1 and 2 plant engineered safety feature (ESF) loads. This transformer is
supplied from the BPA Benton Switchyard via a 115-kV line to the plant. The transformer
steps down the 115-kV supply to 4.16-kV and is connected by cables through circuit breakers
to the 4.16-kV Class 1E switchgear buses SM-7 and SM-8.

8.3.1.1.1 4.16-kV and 6.9-kV Distribution System

The auxiliary transformers step down the available voltage as required to supply the 4.16-kV
and 6.9-kV auxiliary switchgear buses. During normal operation, all load is carried by the
normal auxiliary transformers. The startup transformer is used while the 25-kV main
generator is being started and synchronized with the system. When this is accomplished, all
auxiliary load is transferred (live load transfer) to the normal auxiliary transformers. The
startup transformer remains energized from the 230-kV offsite power line to permit the
auxiliary load to be automatically transferred back to it if power from either normal auxiliary
transformer is lost. It is possible to operate the plant with auxiliary loads carried by the startup
transformer.

The 4.16-kV non-Class 1E switchgear buses SM-1, SM-2, and SM-3 are fed from the
secondary windings of the dual secondary winding normal auxiliary transformer (TR-N1) or
from the 4.16-kV “Y” winding of the dual secondary winding startup transformer (TR-S).
These buses supply the large non-Class 1E auxiliary motors and substations, and the Class 1E
switchgear buses SM-4, SM-7, and SM-8. Permanently installed, locked open electrical cross
connects between SM-2 and SM-1 and SM-3 allow for powering Division 1 or 2 equipment
from SM-4 when plant conditions allow (see Section 8.3.1.1.7.2.1). The cross connect
breakers are not installed in the switchgear. They must be installed and racked in prior to use.
Use of the cross connect feature is controlled per plant procedures by administratively
maintaining the source breakers open to prevent inadvertent paralleling of standby sources.

The 6.9-kV non-Class 1E switchgear buses are fed from the single secondary winding normal
auxiliary transformer (TR-N2) or from the 6.9-kV “X” winding of the dual secondary winding
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startup transformer (TR-S). These buses supply the non-Class 1E reactor recirculation pump
adjustable speed drives (ASDs), cooling tower substations, and auxiliary substations.

The 6.9-kV and 4.16-kV auxiliary switchgear buses are arranged for distribution of power
through a switchgear assembly of circuit breakers. The switchgear is of metal-clad, indoor
design and has three-pole circuit breakers (draw-out type) with stored energy mechanisms fed
from the plant dc systems.

Normal source power failure is detected by relays in the unit trip protective system and by
undervoltage relays. Automatic transfer facilities are provided so that failure of normal supply
causes immediate tripping of the normal supply circuit breakers and simultaneous closing of
the startup transformer supply circuit breakers. This provides virtually continuous feed to the
Class 1E and non-Class 1E switchgear buses of all divisions.

On loss of both normal and startup sources, or if the startup source is lost when the main
generator is out of service, the tie breakers between the 4.16-kV Class 1E and the

4.16-kV non-Class 1E switchgear buses are automatically opened, thereby shedding all loads
supplied via the 4.16-kV non-Class 1E buses. The 4.16-kV Class 1E bus undervoltage signals
cause trips of all 4.16-kV feeder breakers except those breakers supplying 480-V substations.
The Divisions 1 and 2 4.16-kV Class 1E buses (SM-7, 8) are then automatically transferred to
the 115/4.16-kV backup transformer for supply of load. In the event this source is also
unavailable, these buses would be automatically transferred to the onsite standby sources
(Divisions 1 and 2 diesel generators). Reapplication of load is on a time priority basis. The
loading sequence for buses SM-7 and SM-8, as shown in Tables 8.3-1 and 8.3-2 and

Figures 8.3-1 and 8.3-2, is accomplished through the use of electromechanical time delay
relays. The Division 3 [high-pressure core spray (HPCS)] 4.16-kV Class 1E bus (SM-4)
cannot be connected to the backup source; loss of the normal/startup sources causes automatic
transfer of this load, as shown in Table 8.3-3, to the Division 3 onsite standby source
(Division 3 diesel generator). Load shedding and load sequencing are not required in this
division. Permanently installed, electrical cross connect cables between SM-2 and SM-1 and
SM-3 allow cross connecting Division 3 to Divisions 1 or 2 under conditions described in
Section 8.3.1.1.7.2.1. This allows Division 3 to power selected Division 1 or 2 loads.

The 4.16-kV Class 1E buses SM-7 and SM-8 provide power to the 4.16-kV emergency core
cooling system (ECCS) loads, control rod drive pumps, and (via stepdown transformers) the
480-V Class 1E buses SL-71, SL-73, SL-81, and SL-83. The 4.16-kV Class 1E bus SM-4
provides power to the 4.16-kV HPCS pump and (via stepdown transformer) the

480-V Class 1E motor control center (MCC) MC-4A (HPCS auxiliaries). Buses SM-7 and
SM-8 can be fed from any of three sources, namely (1) normal auxiliary switchgear which
receives power from either the normal auxiliary transformers or the startup transformer,

(2) the backup transformer, or (3) standby diesel generators. Bus SM-4 can be fed from either
of two sources, namely, (1) normal auxiliary switchgear which receives power from either the
normal auxiliary transformers or the startup transformer, or (2) a standby diesel generator.
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As shown in Figure 8.1-2.2, bus SM-7 supplies 4.16-kV Division 1 ESF loads and non-ESF
control rod drive pump (CRD-P-1A). Subbus SM-75 supplies other 4.16-kV non-ESF loads,
including the plant service water pump (TSW-P-1A). Class 1E breaker CRD-CB-P1A (SM-7
supply to CRD-P-1A) is automatically tripped on loss of offsite power (LOOP), and Class 1E
breaker E-CB-7/75/1 (SM-7 supply to SM-75) is automatically tripped on a loss-of-coolant
accident (LOCA) with LOOP to prevent overloading of DG1. This arrangement allows the
plant service water pump to be supplied from Division 1 bus SM-7 during a LOCA when an
offsite source is available. Division 2 loads are treated in a similar manner on buses SM-8 and
SM-85.

Time delays are provided with timers to extend the intervals between auto starts of ECCS
pumps on LOCA initiation with the TR-S supply. This prevents second level undervoltage
relay operation due to excessive voltage drops and longer starting time resulting from
simultaneous or overlapping starts of large motors. To improve bus voltages during LOCA (1)
buses SM-72 and SM-82 are shed automatically on LOCA initiation, and (2) an electrical
interlock prevents starting the second plant service water (TSW) pump during a LOCA.

The combined ECCS and TSW loads in Divisions 1 and 2 exceed the rated capacity of their
respective diesels. Hence, feeder breakers 7-75/land 8-85/1 supplying buses SM-75 and
SM-85, respectively, are tripped automatically on a LOCA with LOOP. Breakers 7-75/1 and
8-85/1 remain closed on LOOP without a LOCA, and the TSW pumps are started
automatically to provide water for drywell cooling to ensure a controlled shutdown.

Two circulating water pumps, CW-P-1B and CW-P-1C, are tripped automatically on LOCA
initiation leaving the third circulating water pump, CW-P-1A, operating during a LOCA.
Starting of CW-P-1A under minimum grid voltage (230-kV) and maximum loading conditions
during a LOCA is avoided by administrative procedure.

Manual live transfer of power between normal auxiliary and startup sources is possible either
way by the main control room operator on the 4.16-kV non-Class 1E switchgear buses SM-1,
2, and 3. Likewise, manual live transfer of power between normal/startup and backup
transformer sources is possible on the 4.16-kV Class 1E switchgear buses SM-7 or 8, although
the startup source is the preferred offsite power source. Manual live transfer of power
between the normal/start or the backup power source and the Division 1 or 2 standby power
source is possible. This facilitates diesel generator testing without dropping loads or the return
of loads from the diesel generator to the offsite power source on recovery of the offsite source
following a total loss. However, synchronizing of any diesel generator with the normal
auxiliary transformer is avoided by administrative procedures.

The primary undervoltage sensing scheme for the 4.16-kV Class 1E distribution system utilizes

instantaneous undervoltage relays to start the Divisions 1 and 2 standby diesel generators
immediately on loss of voltage at their associated 4.16-kV Class 1E switchgear buses. These
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relays also energize timers which allow the system to attempt to establish supply from the
startup source (if the plant is operating from the normal source at the time) or verify that
voltage loss is maintained (if the plant is operating from the startup source initially).

In the event that voltage loss is maintained for 3.5 sec, the Division 1 and/or 2 timers trip the
Class 1E bus normal/startup source breakers, institute load shedding, and energize additional
2-sec and 4-sec timers. The 2-sec timer is utilized to attempt closing of the backup source
breakers; backup transformer undervoltage relays will inhibit breaker closure in the event of
backup source undervoltage. The 4-sec timers are used to inhibit closure of the diesel
generator breakers until the system has had time to attempt reestablishment of supply via the
backup source.

When 4.16-kV Class 1E Division 1 and/or 2 buses are supplied from 115-kV backup source, a
loss of the backup source initiates a timer. The timer trips the backup source breaker B-7
(B-8) after a 3.5-sec delay. This allows coordination of the backup source undervoltage relay
with the associated incoming line and branch circuit overcurrent protection.

The primary undervoltage scheme for the 4.16-kV Division 3 Class 1E bus utilizes
instantaneous undervoltage relays which energize a 2-sec timer. In the event that voltage loss
is maintained for 2 sec, this timer trips the preferred source breaker and energize an additional
1-sec timer. The second timer, after timing out, starts the HPCS diesel generator and
annunciates the loss of voltage in the control room. The diesel generator supply breaker will
then close after the diesel has reached rated frequency.

See Sections 8.3.1.1.7.1.7 and 8.3.1.1.7.2.7 for additional discussion of the standby diesel
generator starting and loading systems.

A second level of undervoltage protection is provided to protect against the effects of
prolonged degraded voltage which could adversely affect the operation of Class 1E electric
motors requiring at least 90% of the nameplate voltage for continuous operation (see

Table 8.3-4). For this reason, Class 1E bus SM-4, SM-7, and SM-8 voltages are monitored by
an additional set of Class 1E undervoltage relays. Three static type undervoltage relays are
provided for Divisions 1, 2 and 3 and are connected to monitor all three line voltages (i.e.,
phases AB, BC, and CA). The arrangement utilizes a two-out-of-three logic to preclude the
possibility of spurious voltage loss signal and facilitate testing.

In the event of sustained bus undervoltage (approximately 89.4% of nominal bus voltage
lasting more than approximately 8 sec), the second level of undervoltage protection
automatically trips the feeder breaker connecting the normal/startup sources to their respective

4.16-kV Class 1E buses. | For Divisions 1 and 2, this action results in loss of bus voltage,

thereby starting the diesel generators, initiating load shedding and energizing two of the
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three bus transfer timers mentioned in the primary undervoltage scheme above. | In this case

the first 3.5-sec timer is bypassed. The 2-sec timer permits closing of the backup source
breaker and the 4-sec timer permits closing|of the diesel generator breaker assuming a failure

of the backup source breaker to close. Closure of the backup source and diesel generator
breakers is permitted if the source voltage is at least 94% of normal.

Should the degraded voltage condition exist on the backup power source while the source is
supplying the load, the second level undervoltage relays would then isolate that source, again
initiating the sequence of events described for the secondary undervoltage sensing scheme
above. However, closing of backup feeder breakers, as part of that sequence of events, is
blocked.

For Division 3, the second level undervoltage protection trips the normal/startup source
breaker, thereby causing a loss of bus voltage. This energizes the second timer which results
in diesel start and subsequent supply to Division 3 from the diesel generator.

The setpoints and allowable values for the 4.16-kV emergency bus loss of power
instrumentation are as follows:

Type Setpoint (Volts) Allowable Value (Volts)

Loss of Voltage
(Divisions 1, 2, and 3)

4160 V basis 2782.5-2957.5 2450-3135
120 V basis 79.5-84.5 70.0-89.57
Undervoltage
(Divisions 1, 2, and 3)
4160 V basis 3711.8-3729.2 3685-3755
120 V basis 106.05-106.55 105.29-107.28

A blown P.T. fuse on the bus SM-7 or SM-8 would result in a spurious voltage loss signal for
the primary and second level undervoltage relays. The primary undervoltage relays will trip
the normal/startup source breaker and initiate auto transfer to the backup source. The second
level undervoltage protection for the backup source is blocked in this event, in order to prevent
cycling of the backup source breaker. The primary undervoltage protection for the backup
source will be unaffected since the back-up source primary undervoltage relay is connected to
a separate P.T. as shown in Figures 8.3-1 and 8.3-2. In this event, the ESF load breakers of
the affected bus will trip and will not be available until the blown P.T. fuse is replaced.
However, the ESF loads on the other two unaffected Class 1E buses will be available during
this time for safe shutdown, if required.
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When the Class 1E buses SM-7 and SM-8 are being fed from the turbine generator, the
possibility of sustained undervoltage is not considered credible due to response characteristics
of the voltage regulator and protection equipment for the unit.

The scheme described ensures a power source within the acceptable voltage limits for the

Class 1E loads at all times. Circuit design allows for testing of the individual relays, one at a
time, without disrupting the protective function. There are no bypasses of the protective action
for this system.

The load shedding of these emergency buses, SM-7 and SM-8, due to under voltage during
motor starting will|not occur|once the diesel generator is supplying power to the emergency
bus. | The minimum| voltage on the emergency buses SM-7 and SM-8 as a result of motor
starting when the associated diesel generator is supplying the bus is|80% or greater| of the rated
bus voltage. | Since the Class 1E bus primary undervoltage relays are set at 69% of nominal |
bus voltage,|reinstitution of load shedding as a result of voltage dip due to motor starting will
not occur.

Technical Specifications for CGS include a test requirement to verify that on interruption of
offsite power the loads are shed from the emergency buses and the loading of the onsite
sources is sequenced by time delay relays in the motor start controls.

8.3.1.1.2 480-Volt Distribution System

Power for 480-V auxiliaries is supplied from unit substations consisting of 6.9-kV/480-V or
4.16-kV/480-V transformers and associated metal clad switchgear. Non-Class 1E 4.16-kV
buses SM-1, 2 and 3, supply separate 480-V substations, each with its own power transformer
and switchgear.

Class 1E 480-V substations supplying ESF loads are arranged as independent radial systems
with each 480-V bus fed by its own power transformer. Each 480-V Class 1E bus is
independent of the other 480-V buses; there are no cross ties. The 480-V auxiliaries required
during emergency conditions are supplied from 480-V Class 1E buses SL-71 and SL-73
(Division 1) and SL-81 and SL-83 (Division 2). The HPCS 480-V auxiliaries are supplied
from an independent transformer and Class 1E bus MC-4A (Division 3). Power supplies to all
Class 1E auxiliary systems are arranged so that alternate or redundant auxiliary systems are
supplied from 4.16-kV switchgear buses of separate Class 1E divisions.

The 480-V substations, in general, supply 460-V motor loads larger than 100 hp and all MCC
loads. Switchgear for 480-V substations is of the indoor metal clad type with draw-out circuit
breakers operated from the plant dc system, with the exception of SL-54 which is equipped
with molded case circuit breakers. Phase to ground fault currents are limited to a maximum of
10 amp by use of neutral ground resistors in all substation transformer neutral ground
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connections. All substation transformer neutral ground connections and switchgear branch
feeder circuits are equipped with ground detection devices and alarms.

The 480-V MCCs feed motors 100 hp and less (in general), control power transformers,
heaters, motor-operated valves (MOVs), all other small electrically operated auxiliaries, and
all lighting. Control centers are isolated in separate load groups corresponding to divisions
established by the 480-V substation units. Branch circuit protection for all loads is provided by
fused disconnect switches equipped with current limiting fuses or molded-case circuit breakers.
The fuses for the MC-8BA subfeed also provide backup overcurrent protection for containment
penetration circuits in accordance with Regulatory Guide 1.63.

Class 1E MCCs are shown on the auxiliary one-line diagram (Figure 8.3-4).
8.3.1.1.3 120/240-Volt (Non-Class 1E) Plant Uninterruptible Power System

The non-Class 1E plant uninterruptible power system supplies 120/240-V ac to station services
where uninterruptible power is required, such as for plant computer and plant instrumentation
[e.g., digital electrohydraulic control system (DEH) cabinet]. This source of power is
necessary for plant operational loads, but does not supply ESF loads. Power is distributed via
a single phase, three-wire, grounded neutral system.

Failure of the non-Class 1E uninterruptible power system has no adverse effect on station
safety since no ESF loads are supplied from this system.

The plant uninterruptible power system receives its power from a static inverter-static switch
arrangement fed both from a 250-V dc station battery (float source) and from a 480-V ac
Class 1E MCC (preferred source) as shown in Figure 8.3-5.1. During faults on the
uninterruptible power system the static switch will automatically transfer loads to a regulated
alternate source, which supplies sufficient fault current to blow the circuit fuse and clear the
fault.

Manual bypass switches are also provided to bypass the plants uninterruptible power systems
and transfer load to a regulated bypass source. This will allow for maintenance and inspection
of the system.

8.3.1.1.4 120/208-Volt Non-Class 1E Instrumentation Power System
Power is supplied to non-Class 1E plant instrumentation at 120/208-V ac via a three-phase,
four-wire, grounded neutral distribution system. This distribution system supplies power to the

115-V ac transversing in-core probe (TIP) of the neutron monitoring system and other
non-Class 1E instrumentation loads.
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Failure of the noncritical instrumentation power system has no adverse effect on station safety
since no ESF loads are supplied from this system.

Alarm and fault detection equipment is provided to alert the operator of possible trouble. All
equipment associated with the 120/208-V non-Class 1E instrumentation power system is
readily accessible for inspection and maintenance on a routine basis in accordance with the
manufacturer’s recommendation.

8.3.1.1.5 Divisions 1 and 2 120/240-Volt Critical (Class 1E) Instrumentation Power System

Power is supplied to critical plant instrumentation at 120/240-V ac via two single-phase,
three-wire, grounded neutral distribution systems as shown in Figure 8.3-5.1. The ac power is |
normally fed into the systems from 15-kV A static inverter-static switch arrangements supplied
from both the 125-V dc battery systems (primary sources) and the critical ac distribution panels
(alternate sources). The static switches immediately transfer from the inverter sources to
separate ac sources on loss of inverter output or when the inverter output sensing circuit

detects a 120% overload is present. The critical instrumentation power system is divided into
Divisions 1 and 2 redundant circuits with separate inverters and static switches feeding into
separate distribution panels (E-P-7AA and E-PP-8AA) in the main control room for service to
ESF circuits in the nuclear steam supply system (NSSS). This system maintains the 120/240
Volt critical instrumentation, control and protection system power sources available from the
associated inverter backed 125 VDC station battery even during the short interval when offsite
power has been lost and standby power has not yet been applied to the Class 1E 4.16kV and

480 V AC buses (including the alternate AC power sources to each of the divisional inverter-
static switch arrangements shown on Figure 8.3-5.1). Each 120/240 Volt Class 1E |
instrumentation power system division has two, full capacity, 15-kVA static inverters (E-IN-

3A and E-IN-3B for Division 1 and E-IN-2A and E-IN-2B for Division 2). One inverter in

each division will be the on-line unit supplying power to their associated vital instrument bus

and the other will normally be available as an installed spare unit for use if the on-line inverter
fails or has to be removed from service.

8.3.1.1.6  Reactor Protection System Power System

The reactor protection system (RPS) power system is designed to provide 120-V ac power to
the logic and/or system components that are part of the RPS, the containment isolation system,
the neutron monitoring system, and the process radiation monitoring system. It is designed to
prevent inadvertent reactor trip or isolation due to a transient loss of power to the trip logic.
See also Section 7.2.1.1.

The principal elements of the RPS power system are shown in Figure 8.3-5.2. The system |
consists of two high inertia, ac, motor generator (MG) sets.

Each of these high inertia MG sets has a voltage regulator which is designed to respond to a
step load change of 50% of rated load with an output voltage change of not more than 15% and
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keep the normal voltage limits to within |+10% |of rated. The MG sets do not require manual
operation or adjustment during coastdown or acceleration.

High inertia is provided by a flywheel. The inertia is sufficient to maintain the voltage and
frequency of generated voltage within -5% of the rated values for at least 1 sec following a loss

of power to the drive motor. | However, prototype tests show that an RPS trip does not occur

until approximately 4 to 5 sec after the loss of MG set power supply.

The 120-V ac power is supplied from two sources. The primary source of power is the MG
sets previously described. The alternate source is from a non-Class 1E distribution panel
which is powered from the main generator or the startup transformer. The MG sets
themselves are supplied from separate Class 1E 480-V (Divisions 1 and 2) MCCs. Indicating
lights are provided in the main control room to monitor the status of both the MG sets and the
alternate feed.

To protect the RPS trip system from the unacceptable effects of sustained over/under voltage
or under frequency from the non-Class 1E power sources, two series redundant Class 1E
circuit breakers are provided between the RPS distribution panel and each of the non-Class 1E
power sources, namely, the two RPS MG sets and the common alternate source. Each circuit
breaker is provided with an independent set of Class 1E over/under voltage and
underfrequency sensing relays. See Figure 8.3-5.2.

During operation, the RPS buses are energized by their respective MG sets. Either MG set
can be taken out of service by manually operating the RPS transfer contactor which takes one
MG set out and connects that RPS bus to the alternate power source. Provision is made to
prevent connection of both RPS buses to the alternate source at the same time. A loss of
power to either MG set is monitored in the main control room where the operator on detecting
such a condition can switch to the alternate source. A complete, sustained loss of electrical
power to both buses is required to cause a scram and containment isolation.

Equipment associated with the RPS power system is located in separate rooms where routine
maintenance can be conducted. Motor generator sets can be inspected, serviced, and tested
individually while using the alternate feed from the aforementioned distribution panel.

The electrical protective assembly (EPA) consisting of Class 1E protective circuitry is installed
between the RPS and each of the power sources. The EPA provides redundant protection to
the RPS and other systems which receive power from the RPS buses by acting to disconnect
the RPS from the power source circuits.

The EPA consists of a circuit breaker with a trip coil driven by logic circuitry which senses
line voltage and frequency and trips the circuit breaker open on the conditions of overvoltage,
undervoltage, and underfrequency. Provision is made for setpoint verification, calibration, and
adjustment under administrative control. After tripping, the circuit breaker must be reset
manually. Trip setpoints are based on providing 115-V ac, 60-Hz power at the RPS logic
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cabinets. The protective circuit functional range is +10% of nominal ac voltage and -5% of
nominal frequency.

The EPA assemblies are packaged in an enclosure designed to be wall mounted. The
enclosures are mounted on a Seismic Category I structure separately from the MG sets and
separate from each other. Two EPAs are installed in series between each of the two RPS MG
sets and the RPS buses, and between the auxiliary power source and the RPS buses. The block
diagram in Figure 7.2-11 provides an overview of the EPA units and their connections between

the power sources and the RPS buses. | The EPA is designed as a Class 1E electrical

component to meet the environmental qualification requirements of IEEE 323-1974 (see
Section 3.11) and the seismic qualifications requirements of IEEE 344-1975 (see Section 3.10).
It is designed and fabricated to meet the quality assurance requirements of 10 CFR 50,
Appendix B.

The enclosure dimensions are approximately 16 x 24 x 8 in. and accommodate power cable
sizes from 6 AWG to 250 MCM.

8.3.1.1.7  Standby Alternating Current Power System

The standby ac power source for the plant consists of three diesel generator sets, each one
serving ESF loads in its associated division (1, 2, 3), their attendant air starting and fuel supply
systems, and automatic control circuitry. The diesel generator sets supply power to those
electrical loads which are required to achieve safe cold shutdown of the plant and/or mitigate
the consequences of a design basis event coincident with a loss of all offsite ac power.

Tables 8.3-1, 8.3-2, and 8.3-3 list the equipment and loads supplied by each generator for both
cases.

Each diesel generator (with its auxiliaries) is housed in a separate room as shown in

Figure 1.2-22. The separating walls are designed as 3-hr fire barriers and will provide missile
protection in the event of explosion or failure of rotating equipment. Each room is provided
with its own ventilation and lighting systems. Design provisions ensure that flooding in one
diesel generator room does not jeopardize the operation of the other diesel generators. The
power, instrumentation, and control cabling associated with the diesel generators is contained
in cable trays and conduits which meet the separation criteria detailed in Section 8.3.1.4. All
equipment for these systems is identified as indicated in Section 8.3.1.3.

8.3.1.1.7.1 Redundant (Division 1 and Division 2) Standby Alternating Current Power
Supplies.

8.3.1.1.7.1.1 General. The dual drive diesel generators comprising the Divisions 1 and 2
standby ac power supplies are designed to quickly restore onsite power to their respective
Class 1E distribution system divisions in the event of coincident loss of all offsite ac power.
Figure 8.1-2 shows the interconnections between the preferred power system and the
Divisions 1 and 2 standby diesel generating units.
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The dual drive engines utilized are medium weight, fabricated, main frame engines capable of
rapid starting and quick acceptance of the electrical loads. Selection of the type of diesel
engine utilized is based upon the advantages offered by the class of unit: the ability to start
and accept rated load rapidly and repeatedly with enough dead load pickup capability to assume
substantial incremental motor load additions.

8.3.1.1.7.1.2 Unit Ratings and Capability. | The diesel generator sets for Divisions 1 and 2

each have a continuous service rating of 4400 kW. Diesel generator set short-term ratings are
4650 kW for 2000 hr, 4900 kW for 7 days, and 5150 kW for 30 minutes. The continuous
rating of each diesel generator is based on an accident condition load which is larger than that
required for a safe plant shutdown. The generators are rated 5812-kVA at 0.8 pf, which is

sufficient to carry the 4650 kW short-term ratings at 0.8 pf. | At higher kW outputs, the diesel

generator sets would have to operate at a higher power factor.

The size of each of the diesel generators serving Divisions 1 and 2 satisfies the requirements of
Regulatory Guide 1.9, Revision 0, and conforms to the following criteria:

a. The continuous (8000 hr/year) nameplate rating of each set exceeds the
maximum required load indicated in Tables 8.3-1 and 8.3-2 under rated
conditions. Engine brake horsepower required to supply calculated steady state
load is also within each diesel engine’s 8000 hr/year rated capability with an air
inlet temperature of 115°F;

b. Each diesel generator is capable of starting, accelerating, and supplying its loads
in the sequence shown on Tables 8.3-1 and 8.3-2 without exceeding

5% frequency drop (maximum). The units are capable of recovery to 98% of
normal frequency in less than 2 sec;

C. Each diesel generator is capable of starting, accelerating, and supplying its load
in their proper sequence without exceedingvoltage drop at its terminals
(maximum). The units are capable of recovery to 90% of normal voltage is less
than 2 sec;

d. Each diesel generator is capable of starting, accelerating, and running its largest
motor at any time after the automatic loading sequence is completed, assuming
that the motor had failed to start immediately;

e. Each diesel generator is capable of reaching full speed and voltage within 15 sec
after receiving a signal to start, and can be fully loaded within 30 sec following
the start signal; and

f. The speed of each diesel generator does not exceed 75% of the difference
between nominal speed and the overspeed trip setpoint, or 115% of nominal
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speed, whichever is lower, during recovery from transients caused by
disconnection of the largest single load.

Each governor control system includes manual engine idle capability. Manually operating
engines at a reduced speed for “warm up” or a “cool down” run prior to shutdown is
recommended by manufacturer to minimize mechanical stress and wear. | If a

4.16-kV Class 1E bus (SM-7, 8) primary undervoltage relay signal is received when operating
engines at reduced rpm (idle speed), manual control is automatically bypassed. The engines
are accelerated to rated speed and generator excitation (field flash) is initiated. The diesel
generator is automatically brought to rated frequency and voltage attaining a ready-to-load
condition within 15 sec.

8.3.1.1.7.1.3 Cooling Water Systems. Each engine in each diesel generator set has a closed
cooling system consisting of a forced circulation cooling water system which cools the engine
directly and a heat exchanger connected to the respective standby service water system. The
cooling water pumps are driven directly from the engine crankshaft. The engine cooling water
system incorporates provision for heat to maintain the engine jacket at a steady temperature
when the engine is not running to ensure quick starts. The diesel generator cooling water
systems are discussed in Section 9.5.5.

8.3.1.1.7.1.4 Lubrication Systems. The engines of each diesel generator set have
self-contained lubrication oil systems consisting of lubrication sumps located at the base of
each engine, lubrication oil pumps, piping, and heat exchangers. The lube oil heat exchanger
is served by the diesel generator cooling water system. When the engine is not running, the
temperature of the Iube oil is maintained at a steady level with heaters and temperature controls
to ensure quick starts. The diesel generator lubrication systems are discussed in Section 9.5.7.

8.3.1.1.7.1.5 Air Starting Systems. Diesel generators 1 and 2 have independent redundant air
starting systems as discussed in Section 9.5.6; diesel generator 3 has redundant equipment, but
not redundant independent systems.

8.3.1.1.7.1.6 Fuel Oil Systems. The diesel generator fuel oil storage and transfer systems are
discussed in Section 9.5 .4.

8.3.1.1.7.1.7 Automatic Starting and Loading Systems. In the event of loss of offsite sources
of power to the onsite power bus, each diesel generator set is automatically started and loaded
by independent control and circuitry. The starting circuitry and control power is provided by
separate 125-V dc station batteries for Divisions 1 and 2 (see Section 8.3.2.1.1). The diesel
generator starting logic and starting signals (shown in Figures 8.3-1, 8.3-2, and 8.3-7 through
8.3-10) are described as follows:
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Each diesel generator starts immediately upon receipt of a 4.16-kV Class 1E
bus (SM-7, 8) primary undervoltage relay signal or LOCA signals (reactor low
water level and/or high drywell pressure);

On sustained loss of 4.16-kV Class 1E bus voltage, the bus is automatically
isolated from the upstream non-Class 1E system. All loads on the bus are
tripped, except for those small loads shown in Tables 8.3-1 and 8.3-2 as part of
the initial load block fed by the 480-V unit substation;

After each diesel generator has attained approximately normal frequency and
voltage, its breaker closes (if 4.16-kV Class 1E bus voltage has not been
reestablished via the offsite system sources) thus immediately starting all loads
belonging to the first block for which “starting required” signals are available
for ESF actuation signals;

The starting of subsequent load blocks are delayed by time relays in accordance
with Tables 8.3-1 and 8.3-2. Diesel generator capacity is such that units are
capable of maintaining all required loads established by the loading schedules;

Limitation of diesel generator loading is maintained during the entire period the
units are operate, since the Class 1E loads capable of being connected to the
units exceed unit capability. However, as indicated in the loading schedules
Tables 8.3-1 and 8.3-2, the maximum loads automatically connected to the
Divisions 1 and 2 diesel generating units do not exceed individual diesel
generator unit ratings (4400 kW each). Loading beyond the automatically
applied load would require positive operator action to manually apply loads;

| The minimum|voltage projected to occur on the Class 1E buses (SM-7, 8) as a
result of motor starting during periods when emergency plant load is being
supplied by the diesel generators is| greater than 80%|0f nominal bus voltage.
The|duration of voltage dip is expected to be very short lived in the order of 2 to |
5 sec. | Since the Class 1E bus primary undervoltage relays are set at
approximately 69% of nominal bus voltage, initiation of load shedding as a
result of voltage dip due to motor starting will not occur. Since the Class 1E
bus secondary undervoltage relays are set at approximately 89.4% of nominal
bus voltage (approximately 93% of motor nominal voltage) with a definite time
delay of approximately 8 sec, they will not initiate any undesirable tripping
action. If bus voltage were to dip below approximately 89.4% of nominal for
more than approximately 8 sec, load shedding would be initiated;

If offsite power is still present, and the diesel generator is started by a LOCA
signal, the diesel generator breaker will not close. However, the unit will
continue to run at rated frequency and voltage until manually shut down; and
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h. Means are provided for periodic exercising of each diesel generator under load.
To accomplish this, supply of the 4.16-kV Class 1E bus associated with the
diesel generator to be tested is transferred to the startup source. Under this
condition the diesel generator to be tested is synchronized to the 230-kV startup
source and loaded via manual adjustment of the unit speed controls. During
periodic testing of a diesel generator, if a safety-injection actuation signal
occurs, the diesel generator in test mode is disconnected from parallel operation
with the offsite power system and maintained in the emergency standby mode.
The diesel generator can automatically provide acceptable voltage and frequency
for subsequent unit operation within requirements set by Regulatory Guide 1.9,
Revision 0. See unit ratings and capability discussion in 8.3.1.1.7.1.2. In the
event of a loss of voltage to the critical medium voltage bus, the associated
diesel generator would be ready to accept load. Administrative procedures are
used to prevent paralleling of the diesel generator with the normal auxiliary
transformer so that the switchgear short circuit capability is not exceeded.

The control circuits for automatic start are provided with means for manual testing during
normal plant operation and conform to criteria detailed in IEEE 279-1971. Means are
provided to permit applying selected non-ESF loads in the plant to the diesel generator sets
within their capabilities. However, this is a manual operation under the operator’s full control.
Under LOCA conditions, application of the non-ESF loads can only be accomplished after the
LOCA parameters have been reduced below LOCA sensing instrumentation setpoints.

8.3.1.1.7.1.8 Protective Trips. The diesel generator protection system is designed such that
on accident signal (low reactor water level, high drywell pressure) only the following diesel
generator trips are effective:

Engine overspeed,

Generator differential relay action,
Incomplete sequence, and
Emergency stop push button.

ac o

During nonemergency operation of the diesel generator sets (such as testing) the engine is shut
down and the generator breaker tripped under the following conditions:

Engine overspeed,

Generator differential relay action,
Incomplete sequence,

Emergency stop push button,
Generator loss of excitation,
Reverse current,

Generator overcurrent,

e Ao o
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h. Generator overvoltage,
1. High jacket water temperature, and
J- Low lube oil pressure.

During a synchronizing test, the diesel generator is protected from overcurrent resulting from
the non-Class 1E loads connected to the upstream buses, in the event of a loss of startup
transformer power. The overcurrent protection results in isolation of the diesel generator
emergency bus from the upstream non-Class 1E loads without disconnecting the diesel
generator from the emergency bus.

The Divisions 1 and 2 standby diesel generator control circuits are shown in Figure 8.3-11
through 8.3-22.

The diesel generator incomplete sequence (fail to start) relay (K4) indicated in Figures 8.3-15
and 8.3-21 is designed to shut the generating unit down and lock it out in the event the normal

starting cycle is not completed within a predetermined time. | The relay is actuated if speed

sensing instrumentation indicates that the unit requires in excess of 10 sec to accelerate to
150 rpm (regardless of the cause), or on failure of the cranking motors to disconnect when the
unit is running.

8.3.1.1.7.1.9 Surveillance. Surveillance instrumentation is provided to monitor the status of
the standby diesel generating system. Provisions for surveillance are an essential requirement
in the design, manufacturing, installation, testing, operation, and maintenance of the diesel
generators. Such surveillance not only provides continuous monitoring of the status of the
standby diesel generating system, so as to indicate readiness to perform intended functions, but
also serves to facilitate testing and maintenance of the equipment. Periodic surveillance
procedures are also implemented to check setpoints of protective relays to ensure a reliable
operation. Annunciation is provided both locally (diesel generator control panels) and in the
main control room. Table 8.3-5 indicates the annunciation furnished for the Divisions 1 and 2
diesel generating systems.

When operating in the standby mode, conditions rendering the diesel generating units
incapable of responding to emergency start signals are intentionally limited, as indicated in
Section 8.3.1.1.7.1.8. Table 8.3-5, items 1 through 7 (inclusive), indicates all conditions
which render the units incapable of responding, including both diesel generating unit and
distribution system problems. Local, disabling diesel generator incomplete sequence and
differential current conditions are annunciated indirectly (and distinctly from any nondisabling
alarms) via the unit lockout (item 6) and fail to start (item 9) alarms. Item 21 indicates that
the unit has been started automatically on receipt of emergency start signals. The remaining
items indicate nondisabling diesel generator problems which do not cause unit trip.

During test mode operation, an expanded set of disabling conditions are permitted to prevent
unit start or initiate unit trip as indicated in Section 8.3.1.1.7.1.8. However, in the event of
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receipt of emergency start signals while the units are in the test mode, those signals not
permitted to disable the unit in the standby mode are eliminated from the trip circuitry. In the
event of receipt of a LOCA signal when a diesel is parallel to an offsite source, the diesel
generator breaker will trip. With the diesel generator disconnected from parallel operation
with the offsite power system during test mode operation, the diesel generator can
automatically provide acceptable voltage and frequency for subsequent unit operation within
requirements set by Regulatory Guide 1.9, Revision O if called upon. The diesel will keep

running until shutdown by operator action. | The maintenance lockout key lock switch and the

emergency stop lockout features are verified to prevent the diesel generator from starting only
when required no less than once every 30 months.

Main control room annunciation is designed to permit the control room operator to accurately
monitor the status of the standby diesel generating system at all times and during all modes of
operation. Any condition which renders the diesel generators incapable of operation is
annunciated via Table 8.3-5, Items 1 through 9. The difference between the standby mode and
all other modes is that the number of unit tripping signals permitted to actually operate (via the
unit lockout relay) is limited in the standby mode.

Diesel generating unit controls reset automatically (time delayed) following nonemergency
manual stops initiated at the local control stations.

8.3.1.1.7.1.10 Instrumentation and Control Systems. Power supply source for the
instrumentation and control systems for each diesel generator is independent in accordance
with the divisional separation criteria detailed in Sections 8.3.1.4 and 8.3.2.4. Each diesel
generator set includes the following instrumentation:

Voltmeter,

Ammeter,

Wattmeter,

Varmeter,

Field ammeter,

Annunciator panel,

Synchroscope, synchronizing switches and lights,
Frequency meter,

Elapsed time meter,

Generator breaker status lights, and
Bus-tie breaker status lights.

oM BRI e as o

The diesel generator sets are capable of being started or stopped manually from the main
control room or from local control panels, and all Class 1E instrumentation is capable of being
monitored both in the main control room and locally.
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8.3.1.1.7.1.11 Light or No Load Operation. | Light loading of the diesel generators for

extended periods may lead to accumulation of oil in the exhaust system and create a potential
for fire which could damage the turbo-charger and exhaust system. | The HPCS diesel

generator (3) when started will be loaded, except when offsite power is available as described
in Section 8.3.1.1.7.2.7. The diesel generators (units 1 and 2) start when offsite power is not
available to the Class 1E 4.16-kV switchgear buses or when LOCA signal is received. Partial
LOQP does not cause connection of a diesel generator onto its 4.16-kV switchgear bus. Once
offsite power to the bus is reestablished via transfer to a remaining offsite source, closure of
the diesel generator breaker is blocked. In such a case, the units run unloaded. Also, during
testing and maintenance/repairs, periods of unloaded operation are also expected to occur.

The Divisions 1 and 2 diesel generating units are capable of running for 4 hr in the unloaded or
lightly loaded condition at rated speed. Operating restrictions are employed to avoid the
potential for fire if the diesels are run for more than 4 hr at less than 50% loading at rated
speed. After 4 hr of loading at less than 50% the engines are run for a minimum of 30 minutes
at greater than 50% loading before being shut down. The engines may be run unloaded at idle
speed for extended periods.

8.3.1.1.7.2 High-Pressure Core Spray (Division 3) Standby Alternating Current Power
Supply.

8.3.1.1.7.2.1 General. The single drive HPCS standby diesel generator is used to supply
power to the HPCS system in the absence of the normal/startup power sources. Figure 8.1-2
shows the interconnections between the preferred power system, the HPCS diesel generator
unit, and the HPCS pump and 225-kV A auxiliary transformer. The HPCS auxiliary loads
appear in Figure 8.3-4.

The HPCS system is self-contained except for connection to LOCA start signals and for access
to the preferred source of offsite power through the plant ac power distribution system. It is
operable as an isolated system independent of electrical connection to any other system through
its use of the dedicated HPCS diesel generator. The standby auxiliary equipment such as
heaters, air compressor, and battery charger are supplied from the same power source as the
HPCS motor when the diesel generator is not running.

The HPCS diesel generator has the capability to quickly restore onsite power to the HPCS
pump motor in the event offsite power is unavailable and to provide all required power for the
startup and operation of the HPCS pump motor in a manner compatible with safe shutdown of
the plant. The HPCS diesel generator starts automatically on a signal from the plant protection
system; the unit is both started and connected to the bus automatically upon receipt of a bus
undervoltage signal. The failure of this unit does not negate the capability of other power
sources.
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The HPCS diesel generator may also be cross connected to either Division 1 or to Division 2.
These cross connects are only allowed under the following two scenarios:

(1) Extended Station Blackout (ESBO): A station blackout that may extend beyond
the analyzed 4 hour coping time in which adequate core cooling can be assured
without continuous HPCS system operation. (Reference 8.3-6).

(2) Non-Design Basis Accident (DBA) LOOP: A LOOP in which adequate core
cooling can be assured without continuous HPCS system operation.

Under these conditions, the HPCS diesel generator may be used to energize selected Division 1
or Division 2 equipment by back-feeding from the HPCS bus to the Division 1 or Division 2
buses. The HPCS diesel generator does not have sufficient capacity to assume all the

Division 1 or 2 ESBO or non-DBA LOOP loads. However, the HPCS diesel generator can
energize selected loads during an ESBO or non-DBA LOOP. The cross connect breakers are
not installed in their associated switchgear cubicle. They are located near their switchgear on
the 471-foot elevation of the TG Building. If a Division 1 or Division 2 emergency diesel
generator is being taken out of service for routine maintenance with the plant at power, the
cross connect breakers will be installed in their cubicle; however, they will remain racked out
and locked in the open position.

8.3.1.1.7.2.2 Unit Rating and Capability. The diesel generator set for Division 3|(HPCS) has

a continuous service rating of 2600 kW. Diesel generator set short-term ratings are 2850 kW
for 2000 hr and 3026 kW for 30 minutes. The generator is rated 3560 kVA at 0.8 pf, which is
sufficient to carry the 2850 kW short-term rating at 0.8 pf. At higher kW outputs, the diesel
generator set would have to operate at a higher power factor.

The generator is rated to have sufficient capacity to start and supply the HPCS induction motor
for the HPCS pump and (via stepdown auxiliary transformer) 460-V induction motors which
drive the engine cooling water pump, valve operator motors, and miscellaneous HPCS
auxiliaries. The valve motors operate for short times and do not impose a significant load on
the generator. The HPCS pump motor has a nameplate rating of 3000 hp at 4000-V.

Table 8.3-3 lists the principal loads on Division 3 (HPCS). The diesel generator unit has the
capacity to start and supply the loads required by the HPCS system within the time
requirements described in Chapter 6. Table 8.3-3 lists the sequence of starting loads for the
HPCS system.

The size of the diesel generator serving Division 3 (HPCS) satisfies the requirements of
Regulatory Guide 1.9, Revision 0, except for voltage and frequency limitations, and conforms
to the following criteria:

a. The (2000 hr/year) nameplate rating of the unit exceeds the maximum required
load indicated in Table 8.3-3 under rated conditions. Engine brake horsepower
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required to supply calculated steady state load is within the diesel engine’s
2000-hr/year rated capability with an air inlet temperature of 115°F;

b. The unit is capable of starting, accelerating, and running its largest motor at any
time;
c. The unit is capable of reaching full speed and voltage within 15 sec after

receiving a signal to start, and can be fully loaded within 30 sec following the
start signal; and

d. The unit demonstrates a torque margin in excess of the starting period
requirements.

See Section 8.3.1.2.1.4 for a discussion of the nonconformance to Regulatory Guide 1.9,
Revision 0, voltage and frequency limitations.

The governor control system includes manual engine idle capability. Manually operating the
engine at a reduced speed for a “warm up” or a “cool down” run prior to shutdown is
recommended by the manufacturer to minimize mechanical stress and wear. If a HPCS auto
initiation or E-SM-4 undervoltage signal is received when operating the engine at reduced rpm
(idle speed), manual control is automatically bypassed and the engine is accelerated to rated
speed.

The HPCS power system electrical apparatus is sized on the basis of the most severe conditions
it will be subject to in either a continuous or intermittent basis in any mode of operation.
Intermittent loads are factored in on the basis of heating (e.g., short time peaks are not added
directly to determine total continuous load imposed). Adverse environmental conditions have
been taken into consideration (e.g., derating of cable for temperatures higher than the basic
rated values and use of multipliers on actual service hours for motors operated at higher than
normal rated temperatures).

8.3.1.1.7.2.3 Cooling Water System. The HPCS diesel engine is provided with a closed
cooling system containing immersion heaters to maintain the engine coolant temperature, an
expansion tank, a temperature regulating valve, and a lube oil cooler. The immersion heater is
thermostatically controlled and, in conjunction with the temperature regulating valve, will
maintain the jacket water at a steady temperature. During engine shutdown condition, jacket
water heated by the immersion heater will circulate through the lube oil cooler by
thermosyphon action to warm the lubricating oil circulated by an ac motor-driven pump. This
“keep warm” feature will provide the engine with the capability of quick start and load
acceptance after a shut down. The engine low temperature condition will be annunciated in
the main control room. See Section 9.5.5 for additional details of the cooling water system.

8.3.1.1.7.2.4 Lubrication System. The lubricating oil system schematic is shown in
Figure 9.5-6. The lube oil system is provided with a suction-strainer full-flow filter with
bypass relief valves, a lube oil cooler/heater, and a lube oil sump pan of sufficient capacity to
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hold usable lube oil for 7 days operating without adding makeup lube oil. High crankcase
pressure is annunciated for operator action. See Section 9.5.7 for additional details of the
lubrication system.

8.3.1.1.7.2.5 Air Starting System. The air starting system is shown in Figure 9.5-1. To
ensure positive starting, both solenoids are energized simultaneously and both banks of dual
starting motors crank the engine. The air supply system contains two receivers. One of the
air compressors is electric-motor driven and the other is diesel-engine driven. The motor-
driven air compressor is powered from MCC MC-6B. Running either air compressor will
charge both receivers.

The volume of the receiver allows sufficient time for moisture and oil to precipitate in the
bottom of the tank. The connection to the engine start system is located far enough above the
bottom so that the moisture in the bottom will not get carried in the air being supplied to the air
start motors. Blowdown valves are provided in the bottom of the air receivers to drain any
moisture that might have collected in the bottom. | The blowdown valves are opened

periodically on a maintenance schedule to blow moisture out of the tank.

Wye strainers are provided in the air start system piping to filter any particulate carryover.
Inspection and cleaning of the system components were made after the initial trail runs during
installation. After the initial trial runs, all loose particles were either collected or blown out.
As an extra precaution against moisture carryover, a dryer was added between the air
compressors and air receivers.

See Section 9.5.6 for additional details of the air starting system.

8.3.1.1.7.2.6 Fuel Oil System. The fuel oil system consists of two fuel oil systems external to |
the engine fuel manifolds, either of which is capable of supplying fuel oil to the engine. One

of the fuel oil pumps is mechanically driven by the engine, and the other by a 120-V dc motor.
The systems contain the following components from the day tank: fuel supply lines, strainers,
fuel oil pumps, duplex filters, relief and check valves. The two systems join together at the
manifold for the duplex filter of the engine driven fuel oil pump and share that duplex filter, a
pressure gage, fuel lines and manifolds to the injectors, injectors, and a return line to the day |
tank.

See Section 9.5.4 for additional details of the fuel oil system.

8.3.1.1.7.2.7 Automatic Starting and Loading System. In the event of loss of offsite sources
of power to the onsite power system, the HPCS diesel generator set is automatically started and
loaded by controls and circuitry which are independent of those used to start and load the
Divisions 1 and 2 units. Control power for the diesel generator unit is supplied from its own
125-V dc system which consists of a battery with its own battery charger (see

Section 8.3.2.1.2).
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The diesel generator starting logic and starting signals (shown in Figures 8.3-23 and 8.3-24)
are described as follows:

a. The diesel generator starts immediately upon receipt of LOCA signals (reactor
low water level and/or high drywell pressure);

b. Upon sustained loss of bus SM-4 voltage the bus is automatically isolated from
the upstream non-Class 1E system, and the diesel generator started;

C. After the diesel generator has attained approximately normal frequency, its
breaker automatically closes (if unit start was initiated by bus SM-4
undervoltage), picking up loads as indicated in Table 8.3-3. LOCA signals do
not initiate automatic breaker closure;

d. Diesel generator capacity (2850 kW) is such that the unit is capable of supplying
the entire Division 3 load per the load schedule shown in Table 8.3-3 on a
2000-hr/year basis. There is no load shedding in Division 3;

€. If offsite power is still present and the unit is started by a LOCA signal, the
diesel generator breaker will not close. However, the unit will continue to run
at rated frequency and voltage until manually shut down; and

f. Means are provided for periodic exercising of the diesel generator under load.
To accomplish this, supply of 4.16-kV Class 1E bus SM-4 is transferred to the
startup source. Under this condition, the diesel generator is synchronized to the
230-kV startup source and loaded via manual adjustment of the unit speed
controls. | Administrative procedures are used to prevent paralleling of the
diesel generator with the normal auxiliary transformer so that the short circuit
capability of the switchgear is not exceeded.

Means are also provided to periodically test the entire chain of HPCS system elements from
sensing devices through driven equipment to ensure that equipment is functioning in
accordance with design requirements. The drawout feature of protective relays allows a
replacement relay to be installed while the relay that was removed can be bench tested and
calibrated. Startup of the diesel generator can be effected by simulation of signals for LOCA
or bus SM-4 undervoltage.

8.3.1.1.7.2.8 Protective Trips. The HPCS diesel generator protection system is designed
such that on accident signal (low reactor water level, high drywell pressure) only the following
diesel generator trips are effective:

a. Engine overspeed,
b. Generator differential relay action,
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C. Incomplete sequence, and
d. Emergency stop push button.

The trips are annuciated in the main control room. Other normal protective relays and devices
such as loss of excitation, antimotoring (reverse power), overcurrent (with voltage restraint),
high jacket water temperature, high crankcase pressure, and low lube oil pressures are used to
protect the machine when it is operating during periodic tests. These relays are automatically
blocked from the tripping circuits under accident conditions.

In addition to these protective relays, a normal time delay overcurrent relay senses a generator
overload and causes an alarm in the main control room. The generator differential relays and
overspeed trip device are retained under emergency conditions to protect against what could be
major faults which would cause immediate system failure and major damage. All the
necessary bypassed trip devices alarm in the control room and provide the operator with
sufficient information to take the necessary corrective action. Since the diesel generator is
performing a safety-related core cooling function during accident conditions, these trip devices
cannot be permitted to interrupt the diesel generator’s operation. The capability of the diesel
to operate under these abnormal conditions is left to the operator.

During a synchronizing test, the diesel generator is protected from overcurrent resulting from
non-Class 1E loads connected to the upstream buses, in the event of a loss of startup
transformer power. The overcurrent protection results in the tripping of the offsite source
breaker without tripping the generator breaker.

8.3.1.1.7.2.9 Surveillance. Surveillance instrumentation is provided to monitor the status of
the standby diesel generating system. Provisions for surveillance are an essential requirement
in the design, manufacture, installation, testing, and maintenance of the diesel generator. Such
surveillance not only provides continuous monitoring of the status of the standby diesel
generating system, so as to indicate readiness to perform intended functions, but also serves to

facilitate testing and maintenance of the equipment. | Protective surveillance procedures are also

implemented to check setpoints of protective relays to ensure a reliable operation.
Annunciation is provided both locally (diesel generator panel) and in the main control room.

An alarm “HPCS not ready for auto start,” which operates during one of the following
conditions, is provided in the control room.

Voltage regulator not in auto position,
Engine generator lockout operated,
Engine in maintenance position,

Diesel generator breaker racked out, and
HPCS pump motor breaker racked out.

© a0 o
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A
In addition, the following alarms in the control room pertaining to the diesel generator aid the
operator in determining the status of the unit.

Diesel engine in maintenance or test position,
Generator trip lockout,

125-V dc power failure,

Diesel engine overspeed,

Diesel engine running, and

Diesel generator local panel alarm.

o a0 o

The diesel generator local panel alarm indicated above is actuated by any one of the following
alarms (which are annunciated locally in the diesel generator panel).

Low lube oil pressure,

High lube oil temperature,

Low air pressure,

Overspeed trip,

Low jacket water temperature,
High jacket water temperature,
Low water pressure,

Unit lockout,

Blown fuse,

Lube oil relief valve open (lube oil system fault),
Fuel system fault,

Fail to start,

Fail to run,

Not ready for auto start,

Engine running,

Charger input power failure,
Generator RTD high temperature,
Low lube oil temperature,

Low circulating lube oil pressure,
High crankcase pressure,

Low water level, and

Low lube oil sump level.

SECP LT OBESRFTER S0 A0 oW

When the engine selector switch is in the “local manual” position, the air compressor switch is
in the “not in auto” position, or the voltage regulator switch is in the “off” position, the
engine will not be prevented from starting automatically.

A manual stop signal does not prevent the engine from starting in the automatic mode;

however, the emergency manual stop signal prevents the engine from starting unless reset. In
this case, it is annunciated in the control room as “HPCS not ready for automatic start.”

8.3-23



COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

8.3.1.1.7.2.10 Instrumentation and Control System. The power supply source for Division 3
controls and instrumentation is independent of the power sources for controls and
instrumentation of other divisions, in accordance with the separation criteria described in
Sections 8.3.1.4 and 8.3.2.4.

The diesel generator set includes the following instrumentation:

Voltmeter,

Ammeter,

Wattmeter,

Watthour meter,

Varmeter,

Field voltmeter,

Field ammeter,

Synchroscope, synchronizing switches and lights,
Frequency meter, and

Generator breaker status lights.

TrEE e a0 o

See Figure 8.1-2 for protection and surveillance devices for the HPCS power system. Some
control and monitoring instruments are located on the diesel generator skid and have been
qualified for engine vibration.

Additional information is provided in Section 7.3.1.1.1.1.

8.3.1.1.7.2.11 Light Load Operation. Light load operating capability of the HPCS

(Division 3) diesel generating unit, and administratively controlled operating procedures for
this operating mode, are identical to those described for the Divisions 1 and 2 diesel generating
units. See Section 8.3.1.1.7.1.11.

8.3.1.1.8  Electrical Equipment Tests

Components of the onsite ac power system are factory tested in accordance with industry and
manufacturer’s standards. For Seismic Category I components, the manufacturer submits
dynamic tests, analysis, or combination of both which substantiate the ability of the equipment
to function under safe shutdown earthquake (SSE) loads (see Section 3.10). Tests and
inspection of the onsite ac power system are discussed further in Section 8.3.1.2.2.

The standby diesel generators for Divisions 1 and 2 are of a type not previously used nor
qualified for standby power service at a nuclear plant. Therefore, the diesel generators were
shop tested to demonstrate starting reliability. The starting test requirements included the
following:
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a. Shop tests which confirmed a starting reliability of 0.99 with a confidence level
of 0.95. One of the diesel generators was started 300 times with a failure rate
not in excess of one per 100 starts;

b. Bringing the set to full speed and voltage automatically within 15 sec;

c. Loading of the generator to at least 95% of continuous rating in four steps at
5 sec intervals immediately after each successful start and maintaining this load
until thermal equilibrium is attained;

d. 90% “cold” starts and 10% “hot” starts; and

€. Monitoring of operating conditions throughout the duration of test with
significant parameters such as voltage frequency, operating temperature,
acceleration times, and other pertinent functions being recorded.

Failures considered were limited to those caused by malfunctions of the diesel generator set
only. Failures caused by malfunctions in the test equipment, external circuitry, or loads were
not considered attributable to the reliability of the diesel generator set. Provisions were made
in the testing procedure to determine the cause of any malfunction or excess wear and to
classify it as a valid failure of the equipment being tested or an external nonvalid failure. Such
determination of cause and classification of failure or excess wear was fully supported by
documentation. At the completion of the tests, a thorough inspection was performed on the
diesel generator unit.

A prototype test was made for the standby diesel generator selected for Division 3 (HPCS) to
establish the adequacy of the diesel generator unit to successfully accelerate the bulk HPCS
pump loads. The test consisted of starting the actual HPCS pump motor depicting as closely
as possible the actual HPCS pump loop (HPCS system in condensate to condensate test mode)
and auxiliary loads. A topical report on HPCS power system unit (NEDO-10905-3) describes
and shows theoretical and experimental evidence as to the adequacy of the design.

8.3.1.1.9  Equipment Criteria

8.3.1.1.9.1 Motor Size. The criterion for Class 1E motor size is that the safety-related motor
develop sufficient horsepower to drive the mechanical load under runout or maximum expected
flow and pressure, whichever is greater. Class 1E motors are sized in accordance with NEMA
standards and manufacturers ratings to be at least large enough to produce the starting, pull-up,
and breakdown torque calculated to be needed for the particular application, and to permit the
driven equipment to develop its specified capacity without exceeding the temperature rise
rating of the motor when operated at the duty cycle of the driven equipment.

Motors are initially tested in accordance with NEMA-MG-1.
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The motor and the associated driven equipment are preoperationally tested to verify that the
system requirements are met.

8.3.1.1.9.2 Motor Thermal Overloads. Motor thermal overloads for miscellaneous

Class 1E motors having a 1.0 or 1.15 service factor are selected from manufacturer’s table for
1.15 service factor motors. Overloads so selected give 125% of motor full load current
protection.

Motor thermal overloads for Class 1E MOVs are selected two sizes larger than the normally
selected thermal overload (this approximates 140% of motor FLA). Selection of overloads in
this range permits Class 1E MOVs to operate for extended periods of time at moderate
overloads; tripping occurs just prior to motor damage. Class 1E MCCs are located in
environmentally controlled rooms such that overload ambient temperature variation is not a
significant factor. | Periodic surveillance procedures are provided to check setpoint drift of the

thermal overload devices.

8.3.1.1.9.3 Minimum Voltage. In general, Class 1E motors are designed to start and run at

full load with a minimum 80% of rated voltage at the motor terminals. | Deviation from the

80% voltage requirement is permitted provided an analysis is performed and documented to
demonstrate that the motor can perform its safety function with the minimum voltage supplied.

The HPCS pump motor is designed to accelerate its load with only 75% voltage applied to the
motor terminals.

8.3.1.1.9.4 Motor Starting Torque. Class 1E motors are designed for full voltage starting
and to be capable of accelerating the driven equipment to its required speed without exceeding
the thermal capability of the motor under all expected conditions of ambient temperature,
voltage, and frequency.

8.3.1.1.9.5 Minimum Torque. The minimum motor torque through the accelerating period,

for Class 1E motors,|is based on the following criteria:

a. The brake horsepower does not exceed the guaranteed motor rating over the
entire range of the driven equipment, and

b. The driven equipment is capable of attaining required speed under normal
voltage conditions within 5 sec and under degraded voltage conditions within
8 sec.

In general, motors are sized such that no portion of a motor’s service factor above 1.0 is used
in continuous operation of the motor. Specified minimum values of motor torque over
equipment torque are, therefore, not required.
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For the HPCS pump motor, the minimum difference between the motor torque and the pump
torque at any given speed during acceleration is 10% of motor rated torque.

8.3.1.1.9.6 Motor Insulation. The criteria for determining insulation for Class 1E motors are
as follows:

a. The insulation for continuous rated motors has a 40-year life expectancy for the
duty cycle and the ambient conditions of temperature and radiation at which they
are required to operate. Intermittent duty motors are similarly rated for the
number of duty cycles expected over the 40-year life of the plant; and

b. For Class 1E motors, which are required to operate during or subsequent to
accidents, insulation is provided to withstand the expected environmental
conditions of ambient pressure, temperature, and radiation dosage.

All motors are provided with either class B, F, or H insulation. The insulation temperature
ratings are greater than the sum of the motor temperature rise, the ambient temperature at the
motor location, and the hot spot temperature allowance.

8.3.1.1.9.7 Temperature Monitoring Devices. Motors 300 hp in size and larger are provided
with one or more copper-constantan thermocouples in each bearing.

The HPCS, low-pressure core spray (LPCS), residual heat removal (RHR), and standby
service water pump motors are provided with six single element copper-constantan
thermocouples imbedded in stator windings, two per phase, where the highest operating
temperatures are expected.

The output from the thermocouples is wired to the station computer for scanning and alarm in
the main control room.

8.3.1.1.9.8 Interrupting Capacity. Class 1E switchgear, load centers, control centers, and
distribution panels are sized for interrupting capacity based on maximum short circuit
availability at their location. Switchgear is applied within its interrupting close and latch
ratings in accordance with ANSI C37.010-1972, Application Guide for Alternating Current
High Voltage Circuit Breakers.

The calculations to document this application take into account the fault contributions of all
rotating machines and source transformers and make proper allowance for system X/R ratio at
the point of fault. Transformer impedance is selected to limit short circuit currents at
4.16-kV switchgear. Low voltage metal enclosed breakers at load centers and molded-case
breakers at MCCs are adequately sized for the maximum available short circuit currents.
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8.3.1.1.9.9 Electric Circuit Protection. Equipment and settings are provided to carry out
relaying as listed below. The basic coordination for the 4.16-kV and 480-V systems for
Class 1E buses is as follows:

a. A faulted piece of equipment is cleared by isolating the smallest possible portion
of the system;

b. A faulted piece of equipment is cleared as quickly as possible to minimize
damage to that equipment and the effects on the remainder of the system; and

C. In the event that the primary protective device fails to clear the fault, a backup
device operates to clear it after a suitable coordination interval. Operation of a
backup device usually results in deenergizing a larger portion of this system
than the operation of a primary device.

The one line diagrams, Figure 8.1-2 shows the relay protection schemes.

The incoming supply feeders are included in the differential zone of the normal auxiliary,
startup, and backup transformers; hence the primary protection for these feeders consists of
harmonically restrained differential relays. The overcurrent relays on the incoming supply
breaker are coordinated with the maximum feeder setting on the bus.

The 6.9-kV and 4.16-kV systems are high resistance grounded to minimize damages by
limiting ground fault currents to 12.5 amps (maximum). An overcurrent relay is connected to
a current transformer in the neutral of the resistance grounded, wye-connected secondary of
the supply transformer for ground indication, and each feeder is equipped with a ground
Sensor.

The 480-V system is also high resistance grounded to limit ground fault currents to 10 amps
(maximum). Ground faults are detected at all diesel generator neutrals, transformer secondary
neutrals, or 480-V switchgear feeders.

Circuit protection of the NSSS vendor supplied HPCS bus is coordinated with the design of the
overall protection system for the plant auxiliary system. Simplicity in load grouping is
employed to achieve simplicity in conventional protective relaying practice for isolation of
fault. There is no load shedding or sequencing in the HPCS power system. Emphasis is given
in preserving function and limiting loss of Class 1E equipment function in situations of power
loss and equipment failure. Normal overload relays for HPCS pump motor and diesel
generator give alarm indication only. Faults are isolated by instantaneous relaying.

8.3.1.1.9.10 4.16-kV Motor Feeder. Each Class 1E 4.16-kV motor feeder is protected by
two relays, each having a long time overcurrent unit, a high dropout instantaneous unit, and an

indicating instantaneous trip unit.lThe relays are set to provide: (1) an overload alarm at
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114% to 160% of the motor nameplate full load current, (2) a breaker trip on locked rotor
current within the safe stall time of the motor, and (3) an instantaneous trip of the breaker for
short circuit currents above the motor locked rotor current including adjustments for DC offset

and voltage variation. | The motor relays are coordinated with the three sets of incoming bus

breaker time overcurrent relays. Ground fault indication is provided by a ground sensor relay
activated by a doughnut current transformer. The 4.16-kV HPCS pump motor feeder is also
tripped on motor feeder over frequency.

8.3.1.1.9.11 Transformer Feeders. Each 480-V load center unit substation or MCC
transformer feeder on the 4.16-kV buses has two time overcurrent relays with instantaneous
overcurrent elements or high speed transformer differential protection for fault protection.
These relays are coordinated with the maximum protective device settings on the

480-V Class 1E equipment buses fed by the transformers. Ground fault indication is provided
by the ground sensor system.

8.3.1.1.9.12 Diesel Generator. The primary protection for the diesel generator connected to
each 4.16-kV Class 1E bus consists of differential relaying and overspeed trip (see
Sections 8.3.1.1.7.1.8 and 8.3.1.1.7.2.8).

8.3.1.1.9.13 480-Volt Motor Feeder Fed From Switchgear Bus. The overcurrent fault
protection on each 480-V motor feeder is a low-voltage power circuit breaker, containing a
solid state trip device with adjustable long time delay and instantaneous trips. Ground sensors
provide ground fault detection.

8.3.1.1.9.14 Motor Control Center Feeder Fed From 480-Volt Switchgear Bus. The
overcurrent fault protection for each 480-V MCC feeder (except HPCS MCC MC-4A) is a low
voltage power circuit breaker with a solid state trip device having both adjustable long time
and adjustable short time trips. The long time device is coordinated with the maximum
overload device setting in the MCC. The short time device is coordinated with the maximum
instantaneous device setting in the MCC. Motor control center MC-4A is protected by the
4.16-kV feeder circuit breaker. Ground sensors provide ground fault detection.

8.3.1.1.9.15 Feeders From 480-Volt Motor Control Centers. Motors fed from the

480-V MCCs are generally 100 hp or less. Circuit protection, which includes molded-case
circuit breakers or dual element time delay fuses, is provided for high interrupting capacity and
short circuit protection. Motor running overcurrent protection is provided by overload relays
in each motor starter. Non motor MCC loads are generally provided short circuit and overload
protection by dual element time delay fuses. Subfeeders to other MCCs are provided short
circuit and overload protection by molded-case circuit breakers or dual element time delay
fuses.

8.3.1.1.9.16 Electrical Penetration Assemblies in Containment Structures. CGS design is in
compliance with Regulatory Guide 1.63, Revision 0. All circuits which enter penetrations and
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are subject to I’T heating due to fault currents are provided with two protective devices
(primary and backup). In the event the primary protective devices fail to clear faults, the
backup protective devices are designed to limit the I°T levels experienced by the penetration
conductors to values below the conductor I°T ratings.

Electrical Calculation E/I-02-93-04 presents an analysis of overcurrent protection of primary
containment electrical penetrations.

8.3.1.1.9.17 Raceway Systems. The cable tray system utilizes open ladder type trays, with
the exception of RPS and instrumentation trays which are totally enclosed type (see

Figures 8.3-25 through 8.3-30 and Figures 8.3-33 through 8.3-38). Cable trays are
constructed of galvanized steel, except for aluminum cable trays installed in and adjacent to the
building for the non-Class 1E reactor recirculation pump ASD.

All conduit, except for conduits for lighting, communication, security, and fire detection
systems which may utilize EMT thinwall, are full weight rigid galvanized steel. Sleeves also
utilize full weight conduit.

Conduit and sleeve fill is generally in accordance with National Electric Code criteria.

Flexible metallic conduit is utilized for final connections to vibrating or rotating equipment,
cabling within the area below the reactor pressure vessel, cabling within the power generation
control room complex (PGCC) periphery, cabling for fail safe, fire protection, and
control/utility power circuits within the PGCC, short extensions of rigid conduit which require
numerous direction changes, short connections between cable tray and panels or devices, and
between different structures or buildings which experience differential movement.

8.3.1.1.9.18 Grounding Requirements. The design criteria for grounding are

a. Equipment hardware, exposed surfaces, and potential induced voltage hazards
are adequately grounded to ensure that no danger exists for plant personnel;

b. A high resistance ground return path is provided to facilitate the operation of
ground fault detection devices in the event of ground fault or insulation failure
on any electrical load or current. Ground fault currents are thereby limited to
12.5 amps (maximum) in the 6.9-kV and 4.16-kV systems, and to 10 amps
(maximum) in the 480-V system. The 120/208-V system is solidly grounded;
and

C. A separate and independent grounding system for instruments and instrument
wire shield is provided.
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The design basis for grounding requirements is

a. All major electrical equipment is connected directly to the grounding grid by
cable ties. A fault current return path is provided for 6.9-kV and
4.16-kV switchgear, 480-V switchgear, MCCs, and other equipment. This fault
return path consists of bare #4/0 copper cables installed on all power cable
trays, in duct banks and in loops along the building walls. Motors and electrical
equipment operating at 150 V (to ground) and above, or carrying currents of
60 amps or more, have direct cable or strap connections to the ground grid.
Alternately, the #4/0 AWG grounding cable alongside the trays may be tapped
for grounding motors, panels and other equipment, if the distance is not greater
than from the grounding loop indicated on contract drawings, and the equipment
does not require larger cable than #4/0. Motors and electrical equipment
operating at less than 150 V (to ground) or carrying currents less than 60 amps
are grounded via the connecting conduit system and the ground cable in trays;

b. The cable trays are solidly grounded to the station grounding grid or building
steel work. Electrical connections between individual tray sections are made by
mechanical connector plates. In addition, a bare ground cable is attached to
trays supporting power cables and to flexible conduits external to the PGCC.
All flexible conduits containing fail-safe circuits which are routed in the PGCC
modular floor are grounded;

C. The station ground grid is routed into primary containment via two penetrations
suitable for the purpose; and

d. The station grounding grid is designed to maintain the station area at an
effective ground potential during a worst-case ground fault of any installed
electrical equipment, including transmission facilities and unit main generator,
as well as lightning effects. An effective ground is considered to be the
maintenance of voltage potentials below “safe touch-and-step potential” levels
for plant personnel.

8.3.1.1.9.19 Vital Inverter Instrumentation Power System Protection Requirements.

The design of the 120/240VAC Class 1E inverter, static switch and alternate power supply to
the vital instrument buses E-PP-7AA and E-PP-8AA as shown in Figure 8.3-5.1 is in
compliance with IEEE 308-1974.

8.3.1.1.10 Class 1E Electrical Equipment Arrangement

The Class 1E electrical equipment arrangement for major components of the three separate

power divisions is shown in Figures 1.2-14 and 1.2-22.
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8.3.1.2  Analysis
8.3.1.2.1 Compliance to Criteria

8.3.1.2.1.1 General. Compliance with General Design Criterion (GDC) 17 is ensured for the
onsite power systems by having sufficient independence, redundancy, and testability to
perform the required safety functions assuming a single failure. Independence is discussed in
Section 8.3.1.4 and testability is covered in Section 8.3.1.2.2. Redundancy in the onsite
auxiliary ac power system is provided via the formation of redundant safety-related (Class 1E)
electrical load groups (Divisions 1 and 2) in conformance with GDC 17, IEEE308-1974, and
Regulatory Guide 1.6, Revision 0. This redundancy extends from the onsite standby power
sources through 4.16-kV buses, station service transformers, 480-V buses, MCCs, distribution
cables, switchgear, and protective devices.

The Division 3 power system is a separate and independent safety-related (Class 1E) power
system serving the HPCS system. The Division 3 power system may be connected to either
Division 1 or Division 2 in conformance with GDC 17, IEEE 308-1974, and Regulatory
Guide 1.6, Revision 0 as described in Section 8.3.1.1.7.2.1.

The DG3 cross connect is in compliance with GDC 17 in that no single failure can inhibit the
design independence, redundancy, and testing features. This is ensured by the multiple
breakers that separate the divisions within the non-safety related switchgear. The DG3 cross
connect decreases the probability of losing power to plant power systems due to the defense in
depth features that it provides.

The DG3 cross connect is in compliance with IEEE 308-1974 since the cross connect is
performed manually and the breaker positions are administratively controlled.

The DG3 cross connect is in compliance with Regulatory Guide 1.6, Revision O as explained in
Section 8.3.1.2.1.4.

No essential electrical component of one Class 1E electrical division is dependent for its
emergency power supply on electrical equipment or devices which are common to the power
supply of another division. The onsite auxiliary ac power system standby sources consist of
three diesel generator sets. Each of the diesel generators feeds one of the Class 1E divisions.
The onsite auxiliary power system redundancy is based on the capability of either of the

two redundant (Divisions 1 and 2) onsite power sources and their associated load groups, in
conjunction with the Division 3 onsite power source and associated load group, to bring the
reactor to a safe cold shutdown condition and/or to mitigate the consequences of a DBA.

The electrical separation and independence of redundant (Divisions 1 and 2) portions of the

safety-related auxiliary power systems conform to IEEE 308-1974, GDC 17 and Regulatory
Guide 1.6, Revision 0, except that these diesel generators have tandem diesel engines.
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Reliability equivalent to a single diesel engine generator set is achieved, as shown by prototype
testing (see Section 8.3.1.1.8).

The 4.16-kV Class 1E buses (SM-7, 8, and 4 respectively) for Divisions 1, 2, and 3 are
normally supplied from separate 4.16-kV non-Class 1E buses (SM-1, 3, and 2 respectively) as
indicated in Figure 8.1-2. Class 1E circuit breakers which automatically open on a LOOP are
provided on the 4.16-kV tie lines between the Class 1E and non-Class 1E buses.

As protection against failures of the redundant standby ac power sources due to a single event,
there are no electrical interconnections between the circuits needed to start, load, and maintain
operation of each standby diesel generator.

All principal power circuits have both overload and short circuit protection provided by
protective relays circuit breakers or by fuses.

Physical separation is provided between the independent electrical divisions as described in
Section 8.3.1.4.

Design of the onsite power systems is not in strict accordance with Regulatory Guide 1.75,
Revision 0, since the CGS Construction Permit issue date precedes the regulatory guide issue
date. However, CGS design does provide independence between equipment and circuits of
redundant Class 1E electrical divisions and between Class 1E and non-Class 1E equipment and
circuits where practicable in satisfaction of 10 CFR 50 requirements.

Non-Class 1E loads required to operate during a LOOP are connected to the Class 1E power
supplies. These connections do not degrade the Class 1E power supplies, based on the
following:

a. Connection of non-Class 1E loads to Class 1E power supplies is via Class 1E
isolation devices. These devices are either a circuit breaker shunt tripped on
LOCA or one or two overcurrent devices in series such as fuses or circuit
breakers. The overcurrent devices trip on overload currents (except for
4-kV motor circuits), line-to-line and three-phase faults and line-to-ground
faults for solidly grounded systems. All overcurrent devices trip on overloads
with the exception of those used in 4-kV motor circuits;

The power source shall supply the necessary fault current to ensure proper
coordination of the circuit’s Class 1E isolation device without loss of function of
Class 1E loads;

b. Wiring to the non-Class 1E loads from the Class 1E power supplies are
designated as prime circuits and are routed in accordance with the separation
criteria of Section 8.3.1.4;
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C. Periodic surveillance of isolation devices ensure maintenance of the trip
setpoints within the limits for proper coordination with the main supply circuit
protective devices; and

d. The Class 1E power supplies are adequately sized to handle all the Class 1E and
non-Class 1E loads.

See Sections 8.3.1.3 and 8.3.2.3 for specific details of equipment and circuit identification for
plant ac and dc systems respectively.

See Sections 8.3.1.4 and 8.3.2.4 for specific details of equipment and circuit separation for
plant ac and dc systems respectively.

8.3.1.2.1.2 Reactor Protection System Power System. The RPS power system is not an ESF,
component, or system. The system itself fails in a fail-safe mode. That is, it deenergizes and
thus causes a shutdown action. In addition, redundant electrical protection devices are utilized
for isolation as indicated in Section 8.3.1.1.6. However, design considerations are taken to
ensure power supply availability commensurate with the needs of the equipment serviced by it.
Redundancy of equipment ensures a high degree of availability.

8.3.1.2.1.3 Redundant (Division 1 and Division 2) Standby Alternating Current Power
Supplies. On loss of normal and offsite sources of power to the 4.16-kV switchgear buses, the
4.16-kV Class 1E portion of the auxiliary ac power system is automatically isolated. All
4.0-kV motor and selected 460-V motor loads are automatically shed from their respective
buses to allow for the sequential loading of the standby diesel generators (see

Section 8.3.1.1.1).

The diesel generators start automatically and are automatically connected to the Class 1E
4.16-kV buses. Electrical loads necessary for an emergency reactor shutdown or shutdown in
the event of a LOCA are automatically and sequentially reconnected to these safety-related
buses. The automatic diesel starting and loading sequence is designed to provide power to
ESF components required in the event of a DBA within the time period specified for their
operation in Chapter 15.

The two diesel generators supplying power to Divisions 1 and 2 ESF components are sized and
designed in accordance with Regulatory Guide 1.9, Revision 0. Their ratings are based on the
2000 hr/year load rating greater than the sum of the loads requiring power at any one time.

The sequencing of large loads at 5 sec (or more) intervals ensures that diesel generator voltage
and frequency limits and 95 %, respectively) are maintained. Also, engine overspeed
settings and other design parameters remain in accordance with Regulatory Guide 1.9,
Revision 0, as discussed in Section 8.3.1.1.7.1.
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The Divisions 1 and 2 portions of the onsite ac power system also satisfy Regulatory
Guide 1.32, Revision 2, not only in their adherence to IEEE 308-1974, but also as follows:

a. Offsite power is available from either offsite source within a few seconds if the
plant main generator source is lost,

b. Electrical and physical independence of standby power sources is in accordance
with Regulatory Guide 1.6 as described in Section 8.3.1.1.7.1, and

C. The selection of the diesel generator capacities has been made in accordance
with Regulatory Guide 1.9 as further described in Section 8.3.1.1.7.1.

8.3.1.2.1.4 High-Pressure Core Spray (Division 3) Standby Alternating Current Power
Supply.

Compliance With GDC 17

The HPCS ac power supply is Class 1E and is designed with sufficient capacity and
independence to ensure that core cooling, containment integrity, and other vital functions are
maintained in the event of a postulated accident. The design of the onsite and offsite electrical
power systems provides compatible independence and redundancy to ensure high availability of
power supply to the ECCS, even assuming a single failure.

Electrical power from the transmission network to the HPCS bus SM-4 is provided via the
230-kV startup auxiliary transformer. A loss of normal voltage at 4.16-kV bus SM-4 results in
automatic starting of the HPCS diesel generator, tripping of the normal supply breaker and
closing of the generator breaker as described in Section 8.3.1.1.7.2.7.

Compliance With GDC 18

The auxiliary electrical system is designed to permit inspection and testing of all important
areas and features, especially those that have a safety function and whose operation is not

normally required. As described in the Technical Specifications,|periodic component tests will
be supplemented by extensive functional tests during the refueling outage, the latter based on
simulation of actual accident conditions. These tests demonstrate the operability of diesel
generator, battery system components, and logic systems and thereby verify the continuity of
the systems and the operation of the components.

Because the diesel generator is a standby unit, readiness is of prime importance. Readiness is
demonstrated by periodic testing. The testing program is designed to test the ability to start the
HPCS loads as well as to run under load long enough to bring all components of the system
into equilibrium conditions. This ensures that cooling and lubrication are adequate for

8.3-35




COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

extended periods of operation. Full functional tests of the automatic control circuitry will be
conducted on a periodic basis to demonstrate correct operation.

Conformance With Regulatory Guide 1.6, Revision 0

The HPCS diesel generator unit supplies power for the HPCS pump and its auxiliaries; failure
of any single component of the HPCS diesel generator does not prevent the startup and
operation of any other standby power supply and thus meets the requirements of Regulatory
Guide 1.6, Revision 0.

The system conforms to Position 1 of the guide in that each Class 1E load is assigned to a
division of the load groups. The assignment is determined by the nuclear safety functional
redundancy of the load such that the loss of any one division of the load group does not
prevent the minimum safety functions from being performed.

The system conforms to Position 2 of the guide in that the HPCS ac loads have a supply from
the startup auxiliary transformer as the preferred (offsite) power source, as well as from the
HPCS diesel generator as the standby (onsite) power source (see Figure 8.1-2).

The HPCS diesel generator breaker will close automatically if the normal source breaker to
HPCS bus SM-4 is open and the diesel generator has reached rated frequency.

The system conforms to Position 3 of the guide in that there is no automatic connection of the
HPCS system to any other load group.

The system conforms to Position 4 of the guide as follows:
a. The diesel generator connected to any division of a load group cannot be

automatically paralleled with a diesel generator that is connected to another
division of the load group;

b. Each of the diesel generators is connected to one independent division of load
group. No means exist for automatically connecting different load groups with
each other;

C. No means are provided for automatically transferring loads between the diesel

generators; and

d. An exception is taken to Regulatory Guide 1.6, Position 4d as follows. As
described in Section 8.3.1.1.7.2.1, the HPCS diesel generator may be manually
cross connected to either Division 1 or Division 2. This is performed without
an interlock as specified by Position 4, Item d. However, Generic Letter 91-11:
Resolution of Generic Issues 48 clarifies this requirement by stating that “the

v
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staff concludes that if proper administrative controls that provide assurance that
these breakers are normally open are placed on the operation of the tie breakers,
then the addition of interlocks need not be pursued.”

To comply with the requirements of Position 5 of the guide, the following start and load
reliability test as described in NEDO-10905-3 (Reference 8.3-1) was successfully performed.

a. A series of tests were conducted to establish the capability of a prototype HPCS
diesel generator unit to consistently start and load within the required time;

b. The prototype diesel generator is of the same model as the unit used for CGS
except for the generator. Comparative data shown in Table 8.3-6 indicates that
the CGS generator is at least equivalent to the prototype unit;

C. The start and load reliability test satisfied the following requirements: A total of
69 valid start and loading tests with no failure or 128 valid start and loading
tests with a single failure have been performed. The start and load test was
conducted as follows:

1. Engine cranking was started on receipt of the start signal, and the diesel
generator set accelerated to specified frequency and voltage within the
required time interval,

2. Immediately following, the diesel generator set accepted a single step
load consisting of the main HPCS pump motor load (fully loaded) or
larger motor load (fully loaded) and additional loads (inductive and/or
resistive) as required to total at least 100% of the continuous rating of
the diesel generator unit;

3. At least 90% of these tests were performed with the diesel generator set
initially at “warm standby,” based on jacket water and lube oil
temperatures at or below values recommended by the engine
manufacturer. After load was applied, the diesel generator set continued
to operate until jacket water and lube oil temperatures were within
+10°F (5.5°C) of the normal engine operating temperatures for the
corresponding load; and

4. The other 10% of these tests were performed with the engine initially at
normal operating temperature equilibrium (defined as jacket water and
lube oil temperature within +10°F (5.5°C) of normal operating
temperatures as established by the engine manufacturer for the
corresponding load).
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If the cause for failure to start or accept load in accordance with the preceding sequence
fell under any of the categories listed below, that particular test was disregarded, and
the test sequence resumed without penalty following identification of the cause for the
unsuccessful attempt.

1. Unsuccessful start attempts which can definitely be attributed to operator
error including setting of alignment control switches, rheostats,
potentiometers, or other adjustments that may have been changed
inadvertently prior to that particular start test;

2. A starting and/or loading test performed for verification of a schedule
maintenance procedure required during this series of tests. This
maintenance procedure was defined prior to conducting the start and load
acceptance qualification tests and then became part of the normal
maintenance schedule after installation;

3. Failure of any of the temporary service systems such as dc power
source, output circuit breaker, load, interconnecting piping, and any
other temporary setup which was not part of the permanent installation;
and

4. Failure to carry load which was definitely attributed to loadings in excess
of required loading.

Conformance With Regulatory Guide 1.9, Revision 0

The HPCS system diesel generating unit conforms to the requirements of Regulatory
Guide 1.9, Revision 0, with the exception of voltage and frequency limits, as described below.

The unit conforms to Position 2 of the guide in that the 2000-hr (2850-kW) and 90% of the
30-minute (2727-kW) ratings both exceed the maximum coincidental load indicated in
Table 8.3-3. Intermittent loads such as MOV are not considered for long-term loads.

The unit conforms to Position 3 of the guide in that the load requirements will be verified by
preoperational tests. The HPCS diesel generator unit is considered as a justifiable departure
from strict conformance to Position 4 of the guide regarding voltage and frequency limits
during the initial loading transient. The HPCS system consists of one large pump and motor
combination which represents more than 90% of the total load; consequently, limiting the
momentary voltage drop to 25% and the momentary frequency drop to 5% would not
significantly enhance the reliability of HPCS operation. To meet these regulatory guide
requirements, a diesel generator unit approximately two to three times as large as that required
to carry the continuous rated load would be necessary. However, the frequency and voltage
overshoot requirements of Regulatory Guide 1.9, Revision 0, are met. A prototype testing
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program on an installed unit, as described in Section 8.3.1.2.1.4, has verified the following
functions:
a. System fast-start capabilities,

b. Load carrying capability,

C. Load rejection capability,
d. Ability of the system to accept and carry the required loads, and
e. The mechanical integrity of the diesel engine generator unit and all of the major

system auxiliaries.

The above diesel generator capabilities will be further verified by preoperational testing in
conformance with Regulatory Guide 1.108, Revision 1, including errata. At least five of the
69 start and loading tests will be made using the actual generator loads.

The design of the HPCS diesel generator conforms with the applicable sections of IEEE
criteria for Class 1E Electrical Systems for Nuclear Power Generation Station,
IEEE 308-1971.

The generator has the capability of providing power to start the required loads with
operationally acceptable voltage and frequency recovery characteristics. A partial or complete
load rejection will not cause the diesel engine to trip on overspeed.

Reference 8.3-1 describes the prototype and reliability test requirements.

The calculated HPCS diesel generator transient response is indicated in Figure 8.3-31.
Reference 8.3-1 provides an analysis showing the conservatism of calculated response

compared to that obtained from actual tests.

Conformance With Regulatory Guide 1.29

The HPCS power supply system is capable of performing its function when subjected to the
effects of design bases natural phenomena at its location. In particular, it is designed in
accordance with the Seismic Category I criteria and housed in a safety class structure.

Conformance With Regulatory Guide 1.32

The design of the HPCS diesel generator conforms with the applicable sections of IEEE
criteria for Class 1E, Electrical Systems for Nuclear Power Generation Stations,
IEEE 308-1971.
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Conformance With Regulatory Guide 1.47

See Section 7.1.

Conformance With Regulatory Guide 1.62

Manual controls are provided to permit the operator to select the most suitable distribution path
from the power supply to the load. An automatic start signal will override the test mode.
Provision is made for control of the system from the control room as well as from an external
location.

Conformance With IEEE 279-1971

See Section 7.3.2.1.2 for a discussion of compliance of the HPCS with IEEE 279-1971.

Conformance With IEEE 308-1971

The HPCS electrical system components supplying power to the Class 1E electrical equipment
are designed to meet their functional requirements under the conditions produced by the design
basis events. Equipment of different divisions is physically separated to maintain
independence and to minimize the possibility of a common-mode failure. The HPCS Class 1E
equipment is located in Seismic Category I structures.

Surveillance of the HPCS Class 1E electrical system is in compliance with the standard.

Conformance With IEEE 344-1971 and 1975

The HPCS power supply unit components are seismically qualified to IEEE 344-1971 or 1975
as applicable. See Section 3.10.1.2.

Conformance to IEEE 387-1972

The HPCS power supply unit is completely independent from other standby power supply units
and meets the applicable requirements of IEEE 387-1972.

The HPCS diesel generator unit is designed to

a. Operate in its service environment during and after any design basis event
without support from the preferred power supply;

LDCN-09-011 8.3-40



COLUMBIA GENERATING STATION Amendment 60

FINAL SAFETY ANALYSIS REPORT December 2009
b. Start, accelerate, and be loaded with the design load within an acceptable time:

1. From the normal standby condition,

2. With no cooling available, for a time equivalent to that required to bring
the cooling equipment into service with energy from the diesel generator
unit, and

3. On a restart with an initial engine temperature equal to the continuous

rating, full load engine temperature;
C. Carry the design load for 2000 hr;

d. Maintain voltage and frequency within limits that will not degrade the
performance of any of the loads composing the design load below their
minimum requirements, including the duration of transients caused by load
application or load removal; and

e. Withstand any anticipated vibration and overspeed conditions. There is no
flywheel coupled with the HPCS diesel generator. The generator and exciter
are designed to withstand 25% overspeed without damage.

The HPCS diesel generator has continuous and short-term ratings consistent with the
requirements of Section 5.1 of IEEE 387-1972.

Mechanical and electrical system interactions between the HPCS diesel generator unit and
other units of the standby power supply, the nuclear plant, the conventional plant, and the
Class 1E electrical systems are coordinated so that the HPCS diesel generator units’ design
function and capability are realized for any design basis event except failure of the HPCS
diesel generator unit.

Environmental qualification of the HPCS diesel generator is not required since it is located in a
mild environment.

8.3.1.2.2  Tests and Inspection

The auxiliary ac power system is designed to permit periodic testing and inspection of the
system as a whole and of the operability and functional performance of the components in
accordance with GDC 18. Preoperational testing, as described in Section 14.2, was performed
to verify that all components, automatic and manual controls, and sequences of operation of the
standby power system function as required. Preoperational testing of redundant portions of the
onsite electrical power system to verify proper load group assignments was performed in
accordance with Regulatory Guide 1.41, Revision 0. Voltage values at Class 1E high and low
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voltage buses were measured and compared to the design values, to demonstrate correct
transformer tap settings, during the preoperational testing phase of the plant.

Preoperational testing included demonstrating the required reliability of the CGS standby
diesels by means of a start/load test described in Regulatory Guide 1.108. Since Divisions 1
and 2 diesel generators are similar, a 35 start/load test was performed on each diesel.

A 60 start/load test was performed on Division 3 (HPCS).

Description of Division 3 Test:

To accomplish this test, supply of 4.16-kV Class 1E bus SM-4 was transferred to the startup
source. Under this condition, the diesel generator was synchronized to the 230-kV startup
source and loaded via manual adjustment of the unit speed controls to at least 50% of
continuous rating and operated to this level for at least 1 hr. Sixty-nine such tests have been
accomplished with no failures. In addition, five tests have involved loading the diesel with the
existing bus loads including the HPCS pump motor.

Significant parameters such as voltage, frequency, operating temperature, acceleration times,
and other pertinent functions were monitored throughout the duration of the test and recorded.

Valid tests and failures were based on the criteria of Regulatory Guide 1.108, Section 2.e.

Prior to plant startup, and at periodic intervals when the reactor is not at power operation, tests
simulating Class 1E bus undervoltage, LOCA, undervoltage and LOCA simultaneously, or
manual start signals will be performed to demonstrate the capability of the power sources to
meet the starting and loading sequencing requirements. Periodic testing will verify the diesel
generator being tested is aligned to provide standby power to the associated emergency buses.
Testing procedures during these times are described in the Technical Specifications.

Periodically during plant operation, each diesel generator is manually started and loaded.
Each (Divisions 1, 2, and 3) unit is separately synchronized to the 230-kV startup offsite
power source and loaded.

During diesel generator test mode, a LOCA signal received when a diesel is parallel to an
offsite source will cause the diesel generator breaker to trip. The diesel will then remain
running in standby mode until shutdown by operator action.

Prior to operation of the standby diesel generators, there are checks to ensure correct valve
lineup as well as switch position confirmation as identified in the diesel generator operating
procedure. Among these are the normal prestart checks including expansion tank water level,
diesel starting air compressor oil level, air start motor in line lubricator oil level, engine crank
case oil level, using both the gauge and the dipstick, generator bearing oil level, and the
woodward governor oil level.lPeriodic inspections of the diesel generators will be conducted l
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no less than once every 30 months in accordance with plant procedures prepared in conjunction
with the manufacturer’s recommendations.

The testing program is designed to test the ability of each diesel generator to start as well as to
run under load long enough to bring all components of the system into equilibrium condition.

During the start and load run surveillance, the generator voltage and frequency is verified to be
4160 V (+240, -250) and 60 (+1.2, -1.2) Hz for DG-1, DG-2, and DG-3. The steady-state
generator voltage and frequency is verified to be maintained within the above voltage and
frequency limits during this test. [[his ensures that cooling and Iubrication are adequate for

extended periods of operation. Functional testing of the automatic control circuitry is
conducted on a periodic basis to demonstrate proper operation.

Sufficient testability, alarms, and fault detection equipment are provided to comply with the
criteria indicated above. Thus assurance is given that the standby power sources are capable of
performing their safety functions with adequate reliability at all times.

The preoperational test program is in conformance with Regulatory Guide 1.108, Revision 1, |
including errata in paragraph 6.2.1(9).

For periodic testing, the surveillance requirements for demonstrating the operability of the
diesel generators are consistent with the recommendations of Regulatory Guide 1.9 Revision 3
as described in the Bases for Technical Specification B 3.8.1. Regulatory Guide 1.9 Revision 3
includes pertinent guidance for periodic testing previously addressed in Regulatory Guide
1.108.

8.3.1.2.3  Service Environment

In addition to the effects of operation in normal service environment, all components of the
emergency portion of the auxiliary ac power system essential to limiting the consequences of a
LOCA are designed to operate in the postaccident environment expected in the area in which
they are located. See Section 3.11 for discussion of environmental design and analysis of
safety-related (Class 1E) electrical components for postaccident conditions. Section 3.11 also
identifies safety-related equipment that must operate in a harsh environment and provides
information on the conditions under which the equipment must operate. Section 3.10 identifies
Seismic Category I electrical equipment and describes the criteria, design and testing of
electrical equipment in compliance with IEEE 344-1971 for seismic qualification.

All cables for Class 1E systems and associated circuits are moisture and radiation resistant, are
highly flame retardant and emit negligible amounts of corrosive gas when subject to heat or
flame. Certified proof tests are performed on cable samples to certify 40-year life by thermal
aging, to prove radiation resistance by exposure of aged specimen to integrated dosage of

5 x 10" rads, mechanical/electrical tests of previously exposed cable to 340°F and 45 psig
steam, to prove flame resistance by the vertical tray, 70,000-Btu/hr flame test for 8 minutes,
minimum, and finally, to show acceptable levels of gas by an acid gas generation test. See
Section 8.3.3.1.
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8.3.1.2.4  Offsite Power System Degradation

8.3.1.2.4.1 General. The CGS auxiliary ac power system is normally supplied by the 25-kV
plant main generator (via the normal auxiliary transformers TR-N1 and TR-N2). During this
time, the main generating unit is generally synchronized with and furnishes power to the
500-kV BPA grid via the plant main transformer.

During plant startup, shutdown, or sudden loss of the main generating unit, the 230-kV startup
offsite power source is capable of supplying all required, steady state, plant auxiliary ac power
system loads via the startup auxiliary transformer TR-S.

In the event that both the 25-kV normal source and the 230-kV startup source are unavailable,
the 115-kV backup offsite power source supplies (via the backup auxiliary transformer TR-B)
the Divisions 1 and 2 Class 1E loads required for safe shutdown.

See Section 8.2 for a detailed description of the CGS offsite power sources. See Section 8.3.1
for a detailed description of the auxiliary ac power system.

Based on previous industry operating experience with BWRs of a similar type, it is estimated
that CGS plant availability will be approximately 0.75. When the plant is shut down, auxiliary
ac power system loads are supplied by either the 230-kV startup offsite power source, the
115-kV offsite power source, or the 500-kV backfeed with the generator links removed.

8.3.1.2.4.2 Class 1E Auxiliary Alternating Current Distribution System Voltages.

8.3.1.2.4.2.1 Voltage Criteria. The auxiliary ac distribution system is designed to maintain
system voltages within acceptable ranges at all levels of the plant distribution system, whether
incoming supply is from the plant main generator or from the BPA grid system. Table 8.3-7
indicates the acceptable voltage ranges for the major Class 1E portions of the system, based
upon consideration of motor-operating voltage ranges as determining system voltage
acceptability. Table 8.3-4 indicates the voltage range over which Class 1E and non-Class 1E
motors and motor starters are capable of operating.

Load tap changing capability is not provided on the power transformers utilized at CGS. All
power transformers are furnished with no-load type tap changers on the primary side only.

8.3.1.2.4.2.2 Expected Voltages - 25-kV Main Generating Unit Supply. | Main generating unit

output voltage range is 23.8 kV to 26.3 kV, corresponding to an output voltage variation of
+5% of generator nameplate voltage. This range is based upon the use of a unit automatic
voltage regulator designed to maintain generator output voltage between 0.95 pu and 1.05 pu.
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The expected voltages in the Class 1E portions of the auxiliary ac distribution system, when
supplied from the 25-kV plant main generating unit, are within the acceptable ranges of
Tables 8.3-7 and 8.3-4.

Higher bus voltages are expected during shutdown light load conditions when ac distribution
system is supplied from the 230-kV grid system.

8.3.1.2.4.2.3 Expected Voltages - 230-kV Grid Supply. The preferred offsite power source
grid system voltage has a nominal rating of 230 kV. Minimum and maximum loaded values of
grid voltage are 230 kV and 242 kV, respectively.

The expected voltages in the Class 1E portions of the auxiliary ac distribution system, when
supplied from the 230-kV grid system, are within the acceptable ranges of Tables 8.3-7 and
8.3-4.

8.3.1.2.4.2.4 Expected Voltages - 115 kV Grid Supply. The backup offsite power source
grid voltage has a nominal rating of 115 kV. Minimum and maximum loaded values of grid
voltage are 115 kV and 121 kV, respectively.

The expected voltages in the Class 1E portions of the auxiliary ac distribution system, when
supplied from 115-kV grid system, are within the acceptable ranges of Tables 8.3-7 and 8.3-4.

8.3.1.2.4.3 Class 1E Auxiliary Alternating Current Distribution System Voltage Sensing.

8.3.1.2.4.3.1 Primary Undervoltage Sensing. High speed, instantaneous undervoltage relays
located in each of the 4.16-kV Class 1E switchgear units are utilized for detection of
undervoltage at the switchgear buses.

The trip setpoint of each relay is set at 2870 V, corresponding to 69% of nominal bus voltage.
Trip setpoint selection is based upon overriding minimum bus voltage during motor starting,
with an allowance (10% below minimum motor starting voltage) to compensate for relay
setting tolerances.

8.3.1.2.4.3.2 Secondary Undervoltage Sensing. Static Class 1E undervoltage relays with
definite time delay located in each of the redundant 4.16-kV Class 1E Divisions 1 and 2
switchgear units are utilized for detection of sustained degraded voltage in the offsite power
system. This protection scheme is designed to compliment the primary undervoltage scheme
described above, by ensuring ESF motors fed from critical 480-V and 4160-V buses do not
operate continuously connected to a degraded voltage source exceeding the motor

(NEMA MG-1) design tolerance of +10% of nameplate, unless a deviation has been analyzed
and documented (see Table 8.3-4).
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The trip setpoint selection is normally based upon ensuring 90% of motor nominal voltage at
the motor terminals, including allowance for feeder (and branch circuit) voltage drop and relay
error tolerances. Any deviations are analyzed and documented (see Table 8.3-4). The relay
automatically resets when the bus voltage exceeds the 1% differential between dropout (trip)
and pickup (reset) settings.

The approximately 8-sec time delay will override the voltage dips associated with motor
starting loads under normal operating practice and under normal source voltage.

The relays operate to isolate the degraded source and initiate the sequence of events to select
the next available source. Circuit design precludes spurious voltage loss signal and allows for
testing of the individual relay, one at a time, without disrupting the protective function.

During a LOCA, the output breaker close permissive for Divisions 1 and 2 diesel generators is
satisfied 12 sec after the sustained degraded grid voltage condition is sensed at the emergency
bus. This time delay is derived from the approximately 8-sec delay prior to the offsite breaker
trip plus an approximately 4-sec delay. [ The above time delay is acceptable since, during a

concurrent LOCA, the ECCS coolant injection time requirements as specified in Table 6.3-2c |
are met.

See Figures 8.3-1 and 8.3-2 for the logic diagrams of Divisions 1 and 2 secondary
undervoltage protection and nominal time delay setpoints.

Similar voltage trip and time delay setpoints are used for the Division 3 secondary
undervoltage relays. For Division 3, however, the diesel generator output breaker close
permissive is satisfied approximately 9 sec after a coincident occurrence of a LOCA and a
degraded grid condition. This time delay is equal to the approximately 8-sec delay prior to the
offsite breaker trip plus an approximately 1-sec delay.

See Figure 8.3-32 for the Division 3 secondary undervoltage protection logic diagram and
nominal time delay setpoints. The HPCS injection time requirement of Table 6.3-2c are also |
met.

Assume that during an accident when the emergency motor loads are running a subsequent
degradation of offsite grid voltage occurs assuming further that the degraded voltage is
anywhere between 69% and approximately 90% of the bus nominal voltage. The following
analysis shows that the motor loads remain adequately protected and ready for a restart as soon
as the power supply has been restored to normal. Under the above condition the emergency
motors would be exposed to terminal voltage between 72% and 90% (approximately) of
nameplate value. For terminal voltages between 80% (or 75% for the HPCS pump motor) and
90% , the motor will continue to run overloaded up to 125% (133 % for the HPCS pump motor)
of full load current. The motors can safely carry this overload for 8 sec. For voltages less
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than 80% (75% for the HPCS pump motor), the motor torque could be less than the load
torque, thus resulting in deceleration and eventual stalling.

At rated voltage and cold start conditions the motors are protected against locked rotor currents
by a relay which trips and locks out sec. However, for a degraded voltage condition
which could cause motor stalling, the secondary undervoltage relaying is set to trip the offsite
source breaker approximately 8 sec after the undervoltage condition develops and the locked
rotor protective relay will not trip. Load shedding after 8 sec trips the motors without locking
them out. A subsequent motor restart when power supply is restored will expose the motor to
locked rotor currents for another 5 sec as a maximum (based on maximum motor starting time
of 5 sec at rated voltage). The total stall time is therefore equal to approximately 13 sec. This
is less than the designed motor safe stall time of 14 sec at{80°C winding temperature. | Since
the voltage at the motor is assumed to be less than 90% of the rated value, resulting in lower
locked rotor currents it follows that there is sufficient margin between the motor stall time
under the above worst case conditions and the designed motor safe stall time.

It should be noted that critical (Class 1E) plant controls and vital instrumentation are supplied
by redundant (Divisions 1 and 2) divisions of the 120/240-V ac Class 1E uninterruptible power
supply (UPS) system. This system supplies loads via inverters with static transfer to an
alternate AC supply in case of circuit faults or loss of inverter voltage. The on-line static
inverter provides regulated output voltage within +2 % of nominal to the vital instrument bus
loads. From rated output to overcurrent overloads up to approximately 125% of the
continuous rating the inverter will continue to maintain a nominal voltage. When the ferro-
resonant inverter experiences higher overloads it will go into current limit mode at which time
output voltage from the inverter will begin to collapse. At 120% current overload the inverter
will engage the static transfer feature from the inverter to the alternate AC supply before the
inverter goes into final current limit and before voltage supply drops off so the voltage supply
to the vital instrument bus load remains unaffected. This automatic transfer sensed as an
inverter overload is inhibited when the alternate AC supply to the vital instrument bus is not
available.

The alternate supply line voltage is regulated within +10% of normal in accordance with the
NSSS vendor’s requirements. A manual bypass switch is provided for maintenance of the
inverter or static switch.

Table 8.3-8 indicates the various monitors and alarms (annunciators/computer) provided to
monitor system voltages.

8.3.1.3  Physical Identification of Safety-Related (Class 1E) Equipment

Each safety-related electrical component or cable is tagged with an identification number. In
addition, a color-coded separation marker is provided along with the identification number
which indicates the assignment to one of seven divisions (Division 1, 2, 3, 4, 5, 6, or 7). This
division marker is inscribed with color-coded characters on a color-coded background as
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described in Reference 8.3-2, which was submitted to the NRC. Assignment of equipment to
the seven divisions is given in Reference 8.3-2.

Cable routing information is provided in Reference 8.3-2. This illustrates the computer
program used for identification and routing of cables in trays. Routing information for cables
in conduits is provided in raceway layout drawings. Reference 8.3-2 also contains sample
cable routing schedules. Actual cable tray drawings for the diesel generator, reactor and
radwaste/control buildings are shown in Figures 8.3-6, 8.3-25 through 8.3-30, and 8.3-33
through 8.3-38.

A list of Class 1E components and equipment is provided to facilitate identification of
safety-related components and their circuits.

8.3.1.3.1 Class 1E Raceways, Cables, Equipment (Panels and Racks), and Enclosures
See Reference 8.3-2.

In addition to the discussion provided in Reference 8.3-2, circuits that have been upgraded
from non-Class 1E to Class 1E and are already installed in raceways are identified with a
Class 1E color coded marker at terminations, pull boxes, and entrances and exits to raceways.
Upgraded cables are routed in Class 1E raceways. Cable installation records are reviewed to
provide assurance that these cables are routed in Class 1E raceways and installed to Class 1E
requirements (cable installation parameters). Otherwise, megger and continuity tests shall be
performed, termination and routing reinspected to Class 1E requirements, and documentation
prepared verifying the upgrade.

8.3.1.3.2  Prime and Associated by Proximity Circuit Raceways, Cables, Equipment, and
Enclosures

See Reference 8.3-2.
8.3.1.3.3 Non-Class 1E Raceways, Cables, Equipment, and Enclosures

See Reference 8.3-2.

8.3.1.4 Independence of Redundant Systems

The physical independence of electrical systems complies with the requirements of

IEEE 279-1971, IEEE 308-1974 (IEEE 308-1971 for the HPCS system), GDC 3 and 17, and
Regulatory Guide 1.6, Revision 0. See Table 7.1-3 for a matrix of the applicability of codes
and standards to the various safety-related systems. The physical separation of mechanical
equipment including piping and instrumentation tubing is not included in this section.
However, sufficient separation between redundant plant protection system equipment is
provided such that the capability of the protection systems to mitigate the consequences of any
DBA and bring the reactor to a cold shutdown condition is ensured. See Section 3.1.
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8.3.1.4.1 Definitions
See Reference 8.3-2.
8.3.1.4.2  General Separation Criteria

The criteria in this section provides sufficient physical independence of Class 1E electrical
systems so safety-related systems can perform their engineered safety function during any DBA
and bring the reactor to a cold shutdown condition.

8.3.1.4.2.1 Cable Separation. Cable separation is achieved by segregating electrical circuits
by voltage level and service it performs (such as power, control, or signal) by engineered
system designations, by power supply and divisional separation categories, and by routing as
described in Reference 8.3-2.

Power cables of different voltage ratings are routed in different cable trays except as follows:
(1) common tray is permitted for 480 V, 120/208 V ac, 125 V and 250 V dc of compatible
divisions, and (2) common tray is permitted for 4160-V and 6900-V power cables of
compatible divisions; 480-V, 4160-V, and 6900-V power cables are not to be installed in cable
trays in the spreading area beneath the control room. If a run through this area is unavoidable,
the power cable is installed in conduit.

Power cables are installed in raceways separate from control cables and low level signal cables
and where vertically stacked, the power cables are placed in the tray with the highest position
in the tray tier. Stacking of multiple power trays are such that the voltage levels decrease
sequentially from the top of the bottom tray in the stack.

In addition to the discussion provided in Reference 8.3-2, control circuits are low energy
circuits for the following reasons: the largest protective devices for control circuit fuses

(35 amp) are found only in 4-kV switchgear breaker trip circuits; the majority of the control
circuits are intermittent with circuit protective device having 5- to 20-amp ratings; the circuit
protective device ratings are chosen to accept initial momentary in-rush currents; and the actual
circuit normal operating current is generally in the 0.1 to 2 amp range.

In addition to the discussion provided in Reference 8.3-2, associated cables are procured to the
same requirements as Class 1E. When not bulk pulled with Class 1E cables they are installed
to the same installation parameters as Class 1E cables except that verification documentation
for sidewall pressure, pull tension, and minimum bend radius may not be available.
Associated cables comply with at least one of the following requirements:

a. Where installed in cable trays, raceways, and PGCC floor ducts,

1. They are uniquely identified as associated or as Class 1E circuits and
remain with, or are physically separated the same as, those Class 1E
circuits with which they are associated;
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2. They are identified in accordance with item 1 above from the Class 1E
equipment up to and including an isolation device. Beyond the isolation
device, such a circuit is not considered an associated circuit and does not
conform to item 1 above, provided it does not again become associated
with a Class 1E system; or

3. They are analyzed or tested to demonstrate that Class 1E circuits are not
degraded below an acceptable level.

b. Where installed in enclosures and equipment, external to trays, raceways, and
PGCC floor ducts (item a above), associated circuits which become associated
due to sharing of enclosures with Class 1E circuits are not separated; they are
analyzed to show that the Class 1E circuits are not degraded below an
acceptable level.

In addition to the discussion provided in Reference 8.3-2, non-Class 1E (non-associated) cable
numbers are prefixed by “A” or “B” and are routed in non-Class 1E raceways. They are
procured to the same requirements and installed to the same installation parameters as

Class 1E cables, except for a few vendor supplied cables designated in the computerized cable
schedule as Type Z.

The isolation of non-Class 1E circuits from Class 1E circuits or associated circuits is achieved
by complying with at least one of the following requirements:

a. Non-Class 1E circuits are physically separated from Class 1E circuits and
associated circuits by the minimum separation requirements specified for
redundant Class 1E divisions or they become associated circuits; or

b. Non-Class 1E circuits are electrically isolated from Class 1E circuits and
associated circuits by the use of isolation devices, shielding and wiring
techniques, physical separation, or an appropriate combination, or they become
associated circuits; or

C. The effects of lesser separation or the absence of isolation between the
non-Class 1E circuits and the Class 1E circuits or associated circuits are
analyzed to demonstrate that Class 1E circuits are not degraded below an
acceptable level or they become associated circuits; or

d. Non-Class 1E low energy (instrumentation and control) circuits are not required
to be physically separated or isolated from associated circuits provided: (1) the
non-Class 1E circuits are not routed with associated cables of a redundant
division; or (2) they are analyzed to demonstrate that Class 1E circuits are not
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degraded below an acceptable level. As part of the analysis, consideration is
given to potential energy and identification of the circuits involved.

Since power circuits are not considered to be low energy, the analysis applied to

non-Class 1E-to-Class 1E/associated separation described above does not totally apply.
Non-Class 1E power cables routed in open raceways (trays) dedicated to non-Class 1E power
cables are physically separated from all Class 1E/associated cable trays with the same
requirements specified for physical separation of redundant Class 1E cable trays. For other
than open raceways, additional information is provided in Section 8.3.1.4.4.

8.3.1.4.2.2 Cable Routing. In addition to the discussion provided in Reference 8.3-2, the
routing of cables in raceways is in accordance with the following:

a. Cable splices are not normally designed into the cable system (except for cables
entering containment at electrical penetrations). If required, they are not
permitted in cable trays, but are made in conduit fittings or metallic electrical
boxes;

b. All cabling for use in Class 1E systems, and for associated circuits, is designed
to resist combustion as described in Section 8.3.3. Cable flame retardance
characteristics and routing arrangement eliminate (insofar as practical) the
potential for fire damage to cables and the spread of fire between redundant
divisions;

C. Power cable ampacities are based on NEMA publication number WC51-1975
for cables routed in trays and ICEA publications P46-426 for cables routed in
conduit including underground conduits (ducts). Additional cable ampacity
derating factors have been used for|fire rated barrier material on|raceways,
covered trays, conduit clusters, and ambient air temperatures above 40°C.
Power trays can be filled to 40% of the cross-sectional area, which is based on a
4-in. deep tray. The cable ampacity is determined from the calculated cable
depth;

d. In general, hazardous areas are avoided to limit circuit failures to failures or
faults internal to the electric equipment or cables. Where hazardous areas
cannot be avoided an analysis is provided;

e. In the cable spreading and main control room areas, 120-V ac (or below) and
125-V dc (or below) branch circuits from distribution panels to the control
boards and terminal cabinets are routed in conduit. The only power cables in
these areas are the 460-V ac feeders to the control room emergency lighting
panel step-down transformers; these cables are routed in conduit; and
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f. In addition to the discussion provided in Reference 8.3-2, underground cables
for Class 1E systems comply with GDC 1, 2, 3, 4, and 17, as well as
IEEE 308-1974 and the following:

1. Underground cables between manholes are run in concrete encased
plastic ducts for non-Class 1E systems and in reinforced concrete
encased steel ducts for Class 1E systems; and

2. Underground ducts for Class 1E cables are Quality Class I and Seismic
Category I. Cables are fire retardant type, and where splices are
necessary in manholes because of the length of pull, waterproofing is
used.

8.3.1.4.2.3 Physical Separation Criteria. Physical separation as a protection against single
failures of redundant Class 1E power, control, and instrumentation systems (Divisions 1 to 7)
is provided. Where the use of separate safety class structures is not feasible, spatial separation

is the preferred method of achieving separation. | Methods of maintaining physical separation

are as follows:

a. Non-safety-related equipment, components, or piping are not installed above
safety equipment. Where installation above safety equipment cannot be
avoided, the supports are installed to Seismic Category I requirements or
analysis is made to demonstrate that failure will not impair the overall function
of the safety system;

b. Where Class 1E equipment or cabling is located or routed in areas where there
is a potential for internally generated missiles, pipe whip, or flood, a protective
barrier is provided or an analysis is performed to ensure that a loss of plant
capability to mitigate the consequences of an accident and/or to bring it to a safe
shutdown condition cannot occur;

c. Fire-rated fire stops, fire barriers, and/or electrical separation barriers are
provided between redundant electrical equipment including raceways whenever
the physical separation distances required in Reference 8.3-2, are not met.
Acceptable barriers are noted in the above referenced document.

Raceways penetrating fire-rated walls, floors, or ceilings are sealed with a
fire-rated fire stop; and

d. Raceways penetrating pressure boundaries are sealed to maintain the pressure
rating. See Appendix F for compliance with 10 CFR 50 Appendix R.
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8.3.1.4.2.4 Administrative Controls for Ensuring Separation Criteria. The quality assurance
procedures described in IEEE 336-1971 are employed during the design and installation of the
cable system to ensure compliance with the design criteria. Design drawings and cable lists
are prepared, reviewed, and approved for installations. Each cable and raceway is identified
in the computer program, and the identification includes the applicable separation
classification. Cable routing programs ensure that cables or particular separation groups are
routed through the appropriate raceways. Cables are installed in accordance with written
procedures which specify quality requirements, inspection, and documentation requirements
for all cable pulls.

In some cases it has been necessary to upgrade certain cables from a non-Class 1E status to
either a Class 1E or prime cable status. Postinstallation procedures exist to upgrade such
cables. These cables are evaluated on an individual basis and allowed to deviate from the
normal installation procedures.

The following briefly describes the upgrading procedure for various categories of cables:

a. Non-Class 1E cables upgraded to Class 1E

1. Cable identification tags are revised at all terminations, pullpoints,
entrance, and exits to raceways; and

2. Cable installation records are reviewed to provide assurance that these
cables are routed in Class 1E raceways and installed to Class 1E
requirements. Otherwise, megger and continuity tests are performed,
termination and routing is reinspected to Class 1E requirements, and
documentation is prepared verifying the upgrade;

b. Non-Class 1E cables upgraded to prime cables

1. Same upgrade as a.1 above; and

2. Routing and termination is reinspected to Class 1E requirements and
documentation is prepared verifying the upgrade.

8.3.1.4.2.5 Separation For Fail-Safe Systems. See Reference 8.3-2.

8.3.1.4.2.6 Equipment and Circuits Requiring Separation. Equipment and circuits requiring
separation are identified on documents and drawings in a distinctive manner.

8.3.1.4.2.7 Compliance to Regulatory Guide 1.75, Revision 1. This regulatory guide is not
applicable to CGS since the CGS Construction Permit date precedes the regulatory guide issue
date. However, the actual plant design does provide a technically acceptable alternative to the
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requirements of the guide. Independence between equipment and circuits of redundant
Class 1E electrical divisions is provided to satisfy 10 CFR 50 requirements.

Deviations to the guide are listed below:

a. Paragraph C.1 of Regulatory Guide 1.75, Revision 1, excludes the use of fault
current actuated circuit interrupting devices as an isolation device;

CGS uses overcurrent actuated circuit breakers and fuses. Justification for this
deviation is provided in Sections 8.3.1.2.1.1 and 8.3.2.2.1.1;

b. Paragraph 4.5 of IEEE 384, as endorsed by Regulatory Guide 1.75, Revision 1,
Paragraph C.4, states that associated circuits should meet all the same
requirements as those placed on Class 1E circuits. Some CGS cables, which are
associated by the IEEE 384 definitions may be partially routed in non-Class 1E
raceways as well as Class 1E raceways. These cables, when routed in the
non-Class 1E trays, are not considered associated based on analysis. They meet
all the pull/termination documentation requirements placed on Class 1E cables
when they are bulk pulled with Class 1E cables. When they are not bulk pulled
with Class 1E cables, they are installed to the same installation parameters as
Class 1E by procedure, except that verification documentation for sidewall
pressure, pulling tension, and minimum bend radius may not be available;

C. Paragraphs 4.6.1 and 4.6.2 of IEEE 384 as endorsed by Regulatory Guide 1.75,
Revision 1, require that non-Class 1E circuits be separated from Class 1E/
associated circuits by the same minimum separation required between redundant
Class 1E circuits, unless the non-Class 1E circuits are classified as associated.
As discussed in (b) above, some circuits that would be classified as “associated”
by the IEEE 384 definition are partially routed in non-Class 1E raceways and,
therefore, are not separated from non-Class 1E circuits. Class 1E physical
separation is not necessarily maintained between the non-Class 1E and Class 1E
raceways, except for power trays as noted in Section 8.3.1.4.2.1.

Inside enclosures, non-Class 1E circuits are not separated from Class 1E circuits
and thus would be termed “associated” by Regulatory Guide 1.75. These
circuits are Category 1C and treated as non-Class 1E, except for prime circuits
which do meet Class 1E separation requirements. Justification for this deviation
is described in Section 8.3.1.4.4.1.3;

d. Paragraphs 5.1.3 and 5.1.4 of IEEE 384 as endorsed by Regulatory Guide 1.75,
Revision 1, required a minimum separation of 1-in. between enclosed raceways
of redundant divisions. This requirement is not met in CGS though the

raceways are not physically touching. Justification for this deviation is based on
v N

8.3-54



COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

Wyle Lab tests No. 56719 and No. 56669 for the Susquehanna Steam Electric
Station. These tests demonstrate that rigid steel conduits and some specific
heat-resistant sleeving materials qualify as barriers against potential damage due
to an electrical fault in one of the circuits requiring separation; and

Paragraph 5.6.3 of IEEE 384 as endorsed by Regulatory Guide 1.75,

Revision 1, requires identification of internal wiring to distinguish between
redundant Class 1E wiring and between Class 1E and non-Class 1E wiring. At
CGS the panel or enclosure is assigned to a given Class 1E division if the
majority of the contained wiring belongs to this division. Circuits compatible
with this division and non-Class 1E wiring in the panel are not identified.
However, if Class 1E wiring for a redundant division or wiring associated by
connection to the redundant division are also present in the same panel, then
these wires are identified by color coded tags as shown in Reference 8.3-2.

8.3.14.3

Physical And Spatial Separation Details

See Reference 8.3-2.

Structures are designed to provide protection from the effects of wind loadings, tornadoes,
external missiles, flooding, and earthquakes. All Class 1E equipment, components, and
raceways, and their supports, are designed to Seismic Category I requirements (see
Section 3.10 for discussion of seismic capability).

8.3.1.4.3.1 Standby Generating Units and Auxiliaries. The standby diesel generator sets are
located in separate equipment rooms in the diesel generator building. Auxiliaries and local
controls for each diesel generator set, separated the same as the units themselves, are also
located in this building. Each unit is provided with an independent air supply.

8.3.1.4.3.2 Direct Current Power Systems. The Class 1E dc power systems include batteries,
chargers, and associated equipment. Equipment for redundant systems is located in separate
rooms. For further description see Section 8.3.2.

8.3.1.4.3.3 Switchgear. Separate electrical equipment rooms are provided in the radwaste/
control building for redundant 4.16-kV and 480-V Class 1E Divisions 1 and 2 switchgear as
shown in Figure 1.2-14. The Division 3 4.16-kV Class 1E switchgear and 480-V Class 1E
MCC:s are located in the diesel generator building.

8.3.1.4.3.4 Motor Control Centers and Distribution Panels. The MCCs, distribution panels,
and miscellaneous electrical equipment of redundant divisions are either spatially separated or
are located in separate rooms of safety class structures.
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8.3.1.4.3.5 Containment Electrical Penetrations. There are 24 electrical penetrations which
provide electrical power to equipment inside the primary containment as described in
Section 3.8.6.1.4. Redundant Class 1E circuits for loads located inside primary containment
are routed through separate penetrations with the exception of HPCS cabling. HPCS
(Division 3) cabling is routed through a Division 2 penetration in a separate sleeve.

8.3.1.4.3.6 Power Generation Control Complex. The PGCC is defined in Reference 8.3-2.
PGCC is a modular design concept which allows the fabrication, installation, and testing in a
quality controlled environment in accordance with the requirements of 10 CFR 50, Appendix B
(see Figures 8.3-39 and 8.3-40). The PGCC forms an interface between the field cables and
the control panels and consists of three different subassemblies: termination cabinets (T/C),
modular floor sections, and cable assemblies.

8.3.1.4.3.6.1 Termination Cabinets. Termination cabinets provide the interface with the field
cables (see Figures 8.3-41 and 8.3-42) and consists of three different subassemblies:
termination modules, connector plates (including connectors), and junction boxes for flexible
conduit terminations (see Figure 8.3-43). The T/C enclosures are constructed of 3/16-in. steel
plate welded to 3/8-in. steel corner angles and use swing and stationary steel barriers for fire
separation between redundant system cables. Seismic and fire tests have been conducted on
these units as reported in the licensing report NEDO-10466A (Reference 8.3-3). The fire tests
demonstrated the adequacy of the stationary steel barriers. In addition to the overall structural
fire protection design of the PGCC (see Figure 8.3-44), products of combustion detectors are
located at the top of each termination cabinet. These detectors are monitored on each module
fire control panel and on the main control room fire control panel. Additional defense in depth
measures include the installation of fire stops and penetration seals at all cable entrances to the
cabinet, and the use of fire retardant materials, and the use of unlocked cabinet doors to allow
rapid use of hand-held extinguishers (see Figure 8.3-45).

8.3.1.4.3.6.2 Modular Floor Sections. The modular floor section is a latticed floor
constructed of steel “I” beams and rectangular steel tubes forming longitudinal and lateral
ducts. These ducts interconnect the control panel modules (which are bolted on the modular
floor section) and the termination cabinet (see Figures 8.3-40 and 8.3-46). The network,
including transition and extension ducts, provides divisional separation with the use of vertical
and/or horizontal barriers and fire stops. Miniducts (Figure 8.3-47) are for divisional
separation within the longitudinal ducts. Cables in the miniducts are routed in flexible metallic
conduit or wrapped in Haveg Siltemp tape.

When it is necessary to route cables between PGCC sections which are not directly connected
by floor ducts, it is permissible to route these cables through the cable spreading room; see
Reference 8.3-2.

Fire protection is provided in accordance with the PGCC Licensing Topical Report,
NEDO-10466A (Reference 8.3-3) and Appendix F. Products of combustion and thermal
y
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detectors are provided in the floor section longitudinal ducts. These detectors are monitored
on the respective PGCC module fire control panel and on the main control room fire control
panel where zoned alarms are grouped by floor section. Products of combustion detectors will
prealarm to allow a manual response through quickly removable floor plates. Thermal
detectors will automatically release Halon 1301 through a distribution system into each of the
floor sections longitudinal cable ducts. Fire stops and penetration seals are located in the ducts
that access the termination cabling and in the ducts that access the control panels (see

Figure 8.3-48). Floor plates consist of an aluminum honeycomb core, 1-1/16 in. thick.

8.3.1.4.3.6.3 Power Generation Control Complex Cable Assembly and Routing. The cable
assembly within the PGCC is designed around the following variables: engineered system
designation, circuit signal classification, PGCC separation classification based on power
supply, and finally, the origination/destination which provides the routing and length (see
Figure 8.3-49). (See Reference 8.3-2.) Each PGCC cable is precut, assembled (with lugs and
connectors at either end as required), and installed in the panel/floor module shipping section.

Special cable and routing requirements are identified in Reference 8.3-2. | The cable jacket and
conductor insulation for the cables within the PGCC is either Raychem Flamtrol, General

Electric Vulkene/Geoprene, Teflon, or Tefzel. | The fire suppression system has been provided
to limit a cable fire and resulting offgasing/smoke.

Cable routing consists of two categories: field interface terminations (FITS) and system
interface terminations (SITS). FITS cables are routed between termination cabinets and PGCC
control panels, while SITS cables are routed between PGCC control panels and do not
interface with balance-of-plant (BOP) field cable (see Figure 8.3-39).

8.3.1.4.3.7 Separation Within Enclosures and Equipment. See Reference 8.3-2.

Within equipment and enclosures it may be necessary for a single device such as a relay to be
connected to wiring from redundant safety divisions. In such cases the intruding division
wiring is routed immediately away from the device to attain the required 6-in. separation or to
the extent where a barrier can be installed.

Where relays are used for isolation coil-to-contact separation is provided except as described
below for fail-safe circuits. General Electric types HMA, HFA, and CR105, and Agastat type
GP relays are used. The relays are used for 125-V dc or less applications. The justification
for this type configuration is the following:

Contact-to-contact separation between redundant divisions within relay isolation devices is
acceptable when utilized within fail-safe system (RPS and containment isolation) logic.
Justification is as follows:

a. Logic circuits are fail-safe, i.e., loss of power from faults results in safety

system actuation;
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Logic is arranged in a one-out-of-two twice network such that contacts utilized
in redundant logics are reversed in order in each logic. This arrangement
allows the logic to always function in a fail-safe manner irrespective of hot
shorts or ground fault combinations;

Intruder circuits to the relay contacts are separated from residing wiring by 6 in.
or an approved barrier which is installed, as practicable, between redundant
division wiring as near to the device as possible;

The circuits are all control circuits which are low energy;

Wire insulation is fire retardant complying with the requirements of
IEEE 383-1974 or equivalent;

Each circuit is provided with Class 1E overcurrent protective devices to isolate
faults;

These circuits are not allowed to bridge directly between redundant Class 1E
raceways;

Fire loading inside panels is a minimum; and

Wire insulation within these relays is rated at 600-V minimum Type Class A or
H while the control circuit voltage carried by this wiring is 125-V dc maximum.

As described in Reference 8.3-2, within enclosures/equipment it is acceptable to have
secondary bridging between redundant division wiring by non-Class 1E control and
instrumentation (low energy). Wiring secondary bridging is not allowed by non-Class 1E

power cables unless supported by analysis. | The following analysis is provided to justify the

power cable secondary bridge(s) which exist within the CGS design:

Power cables upstream of the Class 1E 4160-V ac buses are part of the offsite
power source scheme and are exempted from the bridging requirement; and

A single 6900-V ac circuit from the ASD providing power to the reactor
recirculation pump(s) is routed between a Division 1 and a Division 2 circuit
breaker enclosure and comes in proximity to both Divisions 1 and 2 breaker
control 125-V dc circuits. These breakers are provided to ensure that the
reactor recirculation pump(s) will trip when a main turbine generator trip
occurs. This ensures adequate reactivity shutdown margin at control rod end of
cycle. These breakers are Class 1E but not required to respond to a LOCA or a
high-energy line break (HELB). Each control circuit is located in a separate and
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independent cabinet and protected by Class 1E protective devices (fuses). Any
faults occurring in the 6900-V ac circuits will be cleared by the overcurrent trips
provided with these Class 1E circuit breakers.

8.3.1.4.3.8 Spatial Separation Between Raceways. See Reference 8.3-2.

8.3.1.4.3.9 Spatial Separation of 120/240 VAC Ceritical (Class 1E) Instrument Power System.

Redundant Division 1 and Division 2 instrument power systems, with separate inverters and
static switches are located in separate rooms in the Radwaste/Control building vital island
(seismic category 1 structure) supplying power to separate distribution panels E-PP-7AA (and
E-PP-8AA) located on opposite sides of the Main Control Room.

8.3.1.4.4 Associated Circuit Analysis

Non-Class 1E control and instrumentation cables as discussed in Reference 8.3-2 illustrates the
various circuit configurations that result in associated circuits within the designed cable and
raceway systems. These non-Class 1E cables which become associated by connection or
proximity to a Class 1E circuit are representative of the definition of associated circuits in
Reference 8.3-2. Associated cables described in Reference 8.3-2 are routed in compatible
divisional trays. These cables are uniquely identified and while routed with Class 1E cables
are physically separated the same as those Class 1E circuits with which they are associated
except inside enclosures.

8.3.1.4.4.1 Categories of Associated Circuits Treated as Non-Class 1E. The following
categories of circuits are treated as non-Class 1E circuits. Justification is provided in
Sections 8.3.1.4.4.1.1t0 8.3.1.4.4.1.8.

Category 1A: Non-Class 1E instrumentation and control cables/wires that are not
supplied Class 1E power and are routed in non-Class 1E raceways, but
have a continuing section in Class 1E raceways or enclosures. See
Figure 8.3-50.

Category 1B: Non-Class 1E instrumentation and control cables/wires that are supplied
Class 1E power and are routed in non-Class 1E raceways, but have a
continuing section in Class 1E raceways or enclosures. See
Figure 8.3-50.

Category 1C: Non-Class 1E instrumentation and control cables/wires that are not
supplied Class 1E power, but are associated by proximity inside an
enclosure. See Figure 8.3-50.

Category 2A: Non-Class 1E power cables/wires that are not supplied Class 1E power
and are routed in non-Class 1E raceways, but have a continuing section
in Class 1E raceways or enclosures. See Figure 8.3-50.
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P Category 2B: Non-Class 1E power cables/wires that are connected to Class 1E power
and are routed in non-Class 1E raceways, but have a continuing section
in Class 1E raceways or enclosures. See Figure 8.3-50.

Category 3A: Non-Class 1E instrumentation circuits that are connected to Class 1E
circuits and utilize current limiting isolation devices. See Figure 8.3-50.

Category 3B: Non-Class 1E power cables/wires that are connected to Class 1E power
through a series of two Class 1E circuit breakers or fuses.

Category 3C: Non-Class 1E power cables/wires that are supplied Class 1E power
through other than two Class 1E isolation devices.

8.3.1.4.4.1.1 Analysis for Category 1A Non-Class 1E Circuits. The postulated events for this
category of non-Class 1E instrumentation and control cables (non-Class 1E powered, but a
continuing section associated by proximity with Class 1E cables/wires) are mechanical,
structural, or electrical failures in the non-Class 1E raceway or equipment during seismic or
other degrading events, e.g., missiles. Failure of non-Class 1E raceways and equipment may
result in short circuits manifesting as overcurrents in the non-Class 1E cable section routed
with Class 1E cables. Class 1E cables can only be effected by these failures if circuit
protective devices in the non-Class 1E circuits fail to clear the short circuit and sufficient
electrical energy exists to cause localized fires or cable insulation failures of Class 1E cables in
the Class 1E raceway sections. This condition must occur simultaneously in two redundant
division raceways and involve cables having redundant safety functions before plant safety is
degraded. The following design features are provided to demonstrate that even with the
unlikely events listed above, the effects on safety-related systems are minimized:

a. Overcurrent protective devices (including current limiting) are provided to
isolate the cables or wires carrying abnormal currents and limit the effects on
the Class 1E cables. In many cases non-Class 1E circuits routed with Class 1E
circuits are protected by Class 1E overcurrent circuit protective devices. Those
devices which are not Class 1E are highly reliable industrial grade equipment
and, in general, are the same models as those which are qualified to Class 1E
requirements;

b. The cable insulation and jacketing are fire retardant per IEEE 383-1974 or
equivalent (see Section 8.3.3). Cable types are selected and routed according to
their voltage level and application;

C. Fire stops are provided at or near the penetration of all fire-rated barriers,
seismic gaps, and entrances to PGCC panels (including termination cabinets).
Penetrations of pressure boundaries are sealed to maintain the pressure rating;

4 d. The cables routed in instrumentation and control raceways are low energy \
circuits and, as such localized fires or insulation failures are not expected;
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e. Non-Class 1E cables are not allowed to bridge directly between redundant
Class 1E raceways (except as allowed by Reference 8.3-2), thus preventing
single cable faults from affecting two redundant Class 1E divisions; and

f. Pipe whip/jet impingement and missile studies provide structural barriers and/or
restraints where required to prevent impact on redundant ESF required to
mitigate the consequences of these events and safely shutdown the plant.

8.3.1.4.4.1.2 Analysis for Category 1B Non-Class 1E Circuits. This category of

non-Class 1E circuits are instrumentation and control cables/wires that are supplied Class 1E
power and have continuing sections routed in Class 1E raceways. The postulated failures and
results are the same as those of Category 1A.

The following design features are provided to minimize the occurrence of this hazard.
a. Those listed under Category 1A-b, c, d, e, and f;

b. Class 1E coordinated overcurrent protective devices have been provided for all
Category 1B non-Class 1E circuits to protect Class 1E buses from failures in
non-Class 1E loads. These devices may be current-limiting fuses or circuit
breakers. See Sections 8.3.1.2.1.1 and 8.3.2.2.1.1;

C. These circuits have been designated “prime” downstream of the circuit isolation
device and adhere to the same physical separation requirements imposed on
Class 1E circuits. Barriers used to comply with Class 1E separation
requirements are provided between Division A and Division B raceways that
contain redundant prime cables where design constraints prevent adequate
physical separation of these raceways; and

d. Prime cables are separated the same as Class 1E cables within enclosures. An
A prime 1 (A’1) cable is treated like a Division 1 cable and a B’2 cable is
treated like a Division 2 cable.

8.3.1.4.4.1.3 Analysis for Category 1C Non-Class 1E Circuits. This category of
non-Class 1E circuits are non-Class 1E powered instrumentation and control circuits that
become associated by proximity to Class 1E cables inside enclosures. The analysis for
Category 1C is similar to Category 1A. See Section 8.3.1.4.4.1.1.

8.3.1.4.4.1.4 Analysis for Category 2A Non-Class 1E Circuits. This category of

non-Class 1E cables consists of power cables that are not supplied power from a Class 1E
source and are routed in non-Class 1E raceways, but have a continuing section in Class 1E
raceways or enclosures. The analysis for this category is identical to Category 1A except that

these circuits are not low energy circuits |and under short circuit conditions may provide
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sufficient energy to cause localized cable failures in the Class 1E raceway sections. See
Section 8.3.1.4.4.1.1. The justifications for these circuits are as follows:

a. Those as listed under Category 1A-a, b, c, €, and f;

b. A safe shutdown analysis was performed for this category of cables with the
following assumptions, guidelines, and results:

1. Non-Class 1E power cables analyzed were those which had a portion of
their route with Class 1E power cables;

2. A single non-Class 1E power cable was assumed to fault. A worst case
single failure was assumed in addition to the failures of the Class 1E
cables routed with the faulted non-Class 1E cable. Circuit overcurrent
interrupting devices (fuses/breakers) were assumed to clear the fault
without damage if the devices were Class 1E;

3. Those non-Class 1E power cables whose failure resulted in the loss of
ability to safely shutdown the plant were identified; and

4. The identified cables were either rerouted or provided with Class 1E
circuit protective devices.

C. The 480-V system is high resistance grounded to limit ground fault currents to
10 amps maximum (see Section 8.3.1.1.9). Phase-to-phase faults are not
limited;

d. The 6.9-kV and 4.16-kV systems are high resistance grounded to limit ground
fault currents to 12.5 amps maximum. Phase-to-phase faults are not limited;

e. For cable loading in power trays see Section 8.3.1.4.2.2;

f. Non-Class 1E 480-V combination motor starters in MCCs are provided current
limiting fuses and thermal overload relays which are designed to operate at
1.25 times full load current;

g. Since power circuits are not considered to be low energy non-Class 1E power
cables routed in open raceways (trays) dedicated to non-Class 1E power cables
are physically separated from all Class 1E associated cable trays with the same
requirements specified for physical separation of redundant Class 1E cable
trays; and
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h. Certain non-Class 1E loads which are normally supplied from a Class 1E source
but have no useful postaccident function are shunt tripped from the Class 1E bus
by providing a LOCA trip signal to a Class 1E breaker in the non-Class 1E
circuit. Those loads that are not tripped are assumed to be energized and
included in the appropriate bus loading calculation. See Section 8.3.1.4.4.1.7.
This removes the potential for Class 1E circuit damage from failures in these
non-Class 1E loads during and following these accidents.

8.3.1.4.4.1.5 Analysis for Category 2B Non-Class 1E Circuits. These circuits are
non-Class 1E power cables that are supplied power from a Class 1E source, are routed in
non-Class 1E raceways, and have a continuing section in Class 1E raceways or enclosures.
Justification for these circuits are as follows:

a. Those listed under Category 2A, and
b. Those listed under Category 1B-b, c, and d.

8.3.1.4.4.1.6 Analysis for Category 3A Non-Class 1E Circuits. The cables in this category
consist of data logging and display type instrumentation circuits such as inputs to the analog
process computer. These circuits are low energy circuits that are connected to Class 1E signal
circuits through current limiting resistance units or current limiting power supplies such that a
fault in the non-Class 1E portion of the circuit does not affect operation of the Class 1E circuit.
These circuits are not identified or separated as prime circuits downstream of the current
limiting units. Downstream of the current limiting units these circuits are reviewed to ensure
that direct bridging between redundant division raceways does not occur except as allowed by
Reference 8.3-2. Additionally, the justifications for Category 1A apply.

8.3.1.4.4.1.7 Analysis for Category 3B Non-Class 1E Circuits. The non-Class 1E cables in
this category are connected to Class 1E power supplies and supply power to important
non-Class 1E loads such as: emergency lighting, obstruction lighting, main control room
normal lighting, synchronization circuits, portions of the standby liquid control system,
portions of the source range monitor (SRM) and intermediate range monitor (IRM) systems,
TIP system feeders, meteorological tower supervisory, fire protection circuits, diesel generator
building welding outlets, power panel E-PP-7AZ, power panel E-PP-8AZ, the UPS inverters
(IN-1 and IN-4) breaker control circuits for accident tripped breakers RCC-CB-P/1A,
RCC-CB-P/1B, RCC-CB-P/1C, ROA-CB-FN/1A, ROA-CB-FN/1B, REA-CB-FN/1A,
REA-CB-FN/1B, and welding receptacles. To prevent failures in the non-Class 1E loads from
effecting the Class 1E power supplies, two-series Class 1E circuit protective devices are
provided for these circuits. Downstream of the circuit protective devices the circuits need not
be identified or separated as Prime, but may be identified as non-Class 1E. As in Category 3A
above, these circuits are reviewed to ensure that direct bridging between redundant division
raceways does not occur. Additionally, justifications a, b, c, and f, of Category 1A apply.
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8.3.1.4.4.1.8 Analysis for Category 3C Non-Class 1E Circuits. The non-Class 1E cables in
this category connect to non-Class 1E loads to Class 1E power supplies by means other than
two-series Class 1E isolation devices. Description and justification are as follows:

a. The TDAS UPS Inverter (IN-5) which supplies power to the non-Class 1E
TDAS loads (computer, remote multiplexers, etc.) is connected to the Class 1E
power supply through a single Class 1E circuit breaker and a cable which is
identified and routed as Prime to the input of the non-Class 1E inverter.
Downstream of the inverter these TDAS circuits are routed as non-Class 1E and
not Prime. This design is justifiable since the TDAS Inverter has inherent
design features which limit inverter output current. Current limiting is provided
by multiple, inverter internal series circuit protective devices and an overcurrent
sensing network which limits the unit output current to 125% of rated with a
downstream fault;

b. The following normally open manual transfer switches connect alternate
Class 1E power supplies to non-Class 1E buses whose downstream circuits are
non-Class 1E.

1. Inverter IN-1 alternate supply is identified and routed as Prime to the
transfer switch and as non-Class 1E downstream of the switch;

2. 480-V ac bus MC-8A-2C alternate power supply is identified and routed
as Prime to the transfer switch; downstream circuits are routed is
non-Class 1E; and

3. 480-V ac alternate supply from MC-7AA to the backup transformer for
the cooling water cooling fan is identified and routed as Prime to the
transfer switch; downstream the circuit is identified and routed as
non-Class 1E.

Since the above described Prime circuits are isolated by manual transfer
switches which are, by procedure normally open and thus assumed to be open
during an accident, it is justifiable to allow downstream circuits to be identified
and routed as non-Class 1E, and not Prime; and

C. The security system's critical power comes from a Class 1E source for
reliability. The power supply is routed as Prime from a Class 1E circuit
protective device at the Class 1E bus to a non-Class 1E bus, E-DP-SS/SL81
with two non-Class 1E breakers. Downstream of E-DP-SS/SL81, the cables are
all non-Class 1E security circuits routed in security raceways that contain no
Class 1E circuits. Similarly the Technical Support Center (TSC) receives its
power supply from a Class 1E source for reliability. The power supply circuit
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is routed as Prime from a Class 1E circuit protective device at the Class 1E bus
to a non-Class 1E incoming breaker at the TSC MCC. Downstream of the TSC
incoming breaker the circuits are identified and routed as non-Class 1E. In that
the TSC received its power from a single Class 1E supply, the design serves, by
itself, as a means of separation of TSC circuits from redundant division circuits.
The routing and identification of the circuits downstream of the TSC incoming
breaker need only comply with non-Class 1E separation criteria, i.e., no
redundant division circuits are within the TSC. As in 3A above, these circuits
are reviewed to ensure that direct bridging between redundant division raceways
does not occur. Additionally, justifications a, b, c, and f of Category 1A apply.

8.3.1.4.4.2 Categories of Associated Circuits Treated as Class 1E. The following categories
of associated circuits exist and are illustrated in Figure 8.3-51.

Category 4A: Associated instrumentation and control circuits that are connected to
non-Class 1E power and routed in Class 1E raceways and/or enclosures
and may have a continuing section in a non-Class 1E raceway
(Category 1A).

Category 4B: Associated power circuits that are connected to non-Class 1E power and
routed in Class 1E raceways and/or enclosures and may have a
continuing section in a non-Class 1E raceway (Category 2A).

Category 4C: Associated instrumentation and control circuits that are supplied
Class 1E power are routed in Class 1E raceways, are not isolated on
accident signal, and may have a continuing section in a non-Class 1E
raceway (Category 1B).

Category 4D: Associated power circuits that are connected to Class 1E power, are
routed in Class 1E raceways, are not isolated on accident signal and may
have a continuing section in a non-Class 1E raceway (Category 2B).

The design features of all associated circuits are in accordance with Section 8.3.1.4.2.1. The
non-associated circuit portions of the cable routes are analyzed in Section 8.3.1.4.4.1.

8.3.1.4.4.3 Specific Deviations to Separation Criteria - Reactor Protection System Power
Supply. See Reference 8.3-2.

8.3-65



COLUMBIA GENERATING STATION Amendment 63
FINAL SAFETY ANALYSIS REPORT December 2015

8.3.2  DIRECT CURRENT POWER SYSTEMS

8.3.2.1  Description

The principal elements of the Class 1E dc power systems are shown in Figure 8.3-52. The
systems consist of three electrically independent and separate 125-V batteries (Divisions 1, 2,
and 3), two +24-V batteries (Divisions 1 and 2), one 250-V battery (Division 1) and
associated auxiliary equipment.

One non-Class 1E 125-V dc power supply system is provided in the radwaste building to
supply non-Class 1E power, control, and instrumentation loads.

Two non-Class 1E 125-V dc (Divisions A and B) power supply systems are located at the
makeup water pump house to provide local control power.

One non-Class 1E 405-V dc power supply system is provided in building 62 for the security
system.

All non-Class 1E loads supplied by the Class 1E dc power systems are connected to Class 1E
dc power supplies through Class 1E isolation devices. Any overcurrent conditions that could
occur in the non-Class 1E portions of the system are isolated by the Class 1E devices without
affecting the availability of the power supply. These Class 1E protective devices are discussed
further in Section 8.3.2.2.1.1. Wiring to the non-Class 1E loads from the Class 1E power
supplies are designated as prime circuits and are routed in accordance with separation criteria
defined in Section 8.3.1.4.

An analysis of the consequences of a total loss of dc buses (Class 1E) S1-1, S1-2, or S2-1 for
operating and shutdown modes is addressed in Chapter 15 accident analyses. The conclusion
of this analysis is that previously reported limits of minimum critical power ratio (MCPR),
peak vessel and main steam line pressures, and peak fuel cladding temperature for the expected
operational occurrence category of events would not be exceeded as a result of common power
source failures. Furthermore no situation exists where a single bus power failure would
prevent plant personnel from achieving a reactor cold shutdown condition. This conclusion is
based primarily on the analysis results which delineate that no single bus supplies power to all
three shutdown paths. In most cases, single buses are active in only one shutdown path.

Table 8.3-9 indicates the switchgear and MCCs which are supplied with dc control power by
the various dc power systems.

The battery chargers for the Divisions 1 and 2 (Class 1E) dc power systems will remain stable
while supplying the load even if the batteries are disconnected. The load on the charger has to
be more than 10% of its rating under this condition. When the battery is disconnected from
the charger, there is a possibility that the ripple in the charger output is more than 100 mV.

LDCN-13-067 8.3-66



COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

There are no normal modes of plant operation where the battery will be disconnected from the
charger and load. The charger and the battery will be connected for applying equalizing
charges.

During service and performance tests of the batteries which are normally performed during
refueling outage, the batteries for 250-V and 125-V systems are disconnected from the charger
and load. For the 24-V system, the charger is shut down for service and performance tests of
the batteries. During this period, the 24-V battery carries the load.

Plant maintenance procedures require that the chargers be disconnected from their respective
batteries and loads during maintenance checks of the charger low and high voltage level alarms
and the high level shunt trip. The chargers for 250-V and 125-V Divisions 1 and 2 dc systems
remain stable under this condition but additional capacitive load is connected to the output of
the 24-V charger to stabilize the output.

The design of the battery chargers provides assurance that safety-related equipment will be
protected from damaging overvoltages as a result of faulty charger voltage regulation or
operator error by alarms and a high voltage shutdown feature. Normal system float voltage is
2.25 V per cell. Should the voltage increase approximately 5 to 8%, a high voltage alarm is
sounded. At approximately 10-12% above float voltage, the high voltage shutdown relay trips
the charger output breaker, disconnecting the charger from its respective bus, thus protecting
the equipment from further voltage increase. The controls for these alarm/trips are located
inside the respective battery charger cabinet precluding inadvertent operator error.

Table 8.3-10 is a summary of the Class 1E battery duty cycles based on anticipated operations
required during LOOP with coincident LOCA conditions. A battery duty cycle test is used in
conjunction with other criteria to verify battery operability in accordance with Technical
Specifications and Licensee Controlled Specifications Surveillance Requirements.

8.3.2.1.1  125-Volt Direct Current Divisions 1 and 2 Systems

8.3.2.1.1.1 General. Two separate and independent Class 1E, 125-V dc systems are provided
to power the safety-related (ESF) load groups of Divisions 1 and 2. Each of the batteries has
two, full capacity, battery chargers sized to carry normal and postaccident steady dc loads,
while simultaneously recharging the battery from its discharged state (1.81-V per cell) to its
fully charged state (charging current has stabilized) within 24 hr. The battery chargers receive
480-V ac input power from their respective Divisions 1 and 2 480-V MCCs. For each
division, one charger will be on line while the other will normally be available for service if
the on-line charger fails or has to be removed from service.

8.3.2.1.1.2 Batteries. In the event of a loss or interruption of charger 125-V dc output, the
station batteries will maintain power to their respective dc systems. The ampere-hour capacity
and short time rating of all batteries are in accordance with IEEE 308-1974. They are capable
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of supplying, (based on duty cycle calculations for a simultaneous LOOP and LOCA), dc
power required to safely shut down the plant. The battery is conservatively sized based on the
charger not being available for 2 hr even though this condition is not a requirement for any
analyzed DBE at CGS.

The capability of the 125-V Divisions 1 and 2 batteries to supply SBO loads for a 4-hr coping
period is discussed in Appendix 8A. |

The 125-V dc, station batteries E-B1-1 (Division 1) and E-B1-2 (Division 2) each consist of |
58 cells.

The capacity of batteries E-B1-1 and E-B1-2 is 1190 ampere-hours (based on an 8-hr discharge
to 1.81 V per cell) which is equivalent to a battery terminal voltage of 105 V dc.

The nominal “float-voltage” for these batteries is 2.25 V per cell, and the “end-of-discharge”
voltage is 1.81 V per cell.

8.3.2.1.1.3 Chargers. The chargers for each Divisions 1 and 2 125-V dc load group are
supplied from separate 480-V ac MCCs associated with each division. Each charger is capable
of carrying the largest combined demand of the various steady state dc loads for its division
while simultaneously recharging the battery from its discharged state (1.81 V per cell) to its
fully charged state (charging current has stabilized) in 24 hr. The charger size and
instrumentation conform to the requirements of IEEE 308-1974 and Regulatory Guide 1.32,
Revision 2. The chargers are capable of supplying the 125-V dc power requirements during
all modes of plant operation. The Divisions 1 and 2 battery chargers (chargers C1-1A and 1B
and C1-2A and 2B, respectively) are rated 200 amps dc output. The old 125 V dc charger
E-C1-1, (formally Division 1) is disconnected and spared in place for use as temporary power.

8.3.2.1.2  High-Pressure Core Spray (Division 3) 125-Volt Direct Current System

8.3.2.1.2.1 General. The objective of the HPCS 125-V dc (Division 3) system is to provide a
reliable, continuous, and independent 125-V dc power source of control and motive power as
required for the HPCS system logic, HPCS diesel generator set control and protection, and all
Division 3 related control. Figure 8.3-52 shows the 125-V dc one-line diagram. The system

is classified as Class 1E. The Division 3 125-V dc system is independent of all other

divisional batteries and there is no manual or automatic connection to any other battery. The
battery is not shared with any other unit. The 125-V dc power is required for HPCS diesel
generator field flashing, control logic, control, and switching functions of 4.16-kV breakers. |
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8.3.2.1.2.2 Battery and Charger. The 125-V dc system for the HPCS power supply has a
58-cell 125-V dc battery, one battery charger, and a distribution panel.

The 125-V dc system is designed as Class 1E equipment in accordance with applicable clauses
of IEEE 308-1974. It is designed so that no single failure in the 125-V dc system will result in
conditions that prevent safe shutdown of the plant. The plant design and circuit layout from
these dc systems provide physical separation of the equipment, cabling, and instrumentation
essential to plant safety.

The 125-V dc battery and its charger and distribution panel are shown in Figure 8.3-52. All
components of the system are located in the HPCS diesel generating area of the diesel
generator building.

8.3.2.1.2.3 Battery Capacity. The ampere-hour capacity (96 AH at 8 hr) and short time
rating of the battery are in accordance with criteria given in IEEE 308-1974 and are adequate
to supply all electrical loads required until ac power is restored for the operation of the battery
chargers. The battery is conservatively sized based on the charger not being available for 2 hr
even though this condition is not a requirement for any analyzed DBE at CGS. See SBO
discussion in Appendix 8A. Capacity is large enough to cope with LOCA conditions or any
other emergency shutdown. Each distribution circuit is capable of transmitting sufficient
energy to start and operate all required loads in that circuit. The 125-V battery is sized in
accordance with the principles set out in IEEE 308-1974.

8.3.2.1.2.4 Charger. The charger for the 125-V dc system is supplied by the 480-V HPCS
MCC (via the engine generator control panel). It is rated 50 amp dc and is capable of carrying
the largest combined demand of the various direct current system loads while simultaneously
recharging the battery from its discharged state (1.81 V per cell which is equivalent to a
battery terminal voltage of 105 V dc) to a fully charged state (charging current has stabilized)
within 24 hr.

During an ESBO scenario that extends beyond the 4 hour coping time of a SBO or during a
non-DBA LOOP scenario, the Class 1E 125-V Division 1 and Division 2 battery chargers may
be supplied by alternative sources. 1) The Division 3 HPCS diesel generator may be cross
connected from SM-2 to either Division 1 through SM-1 or Division 2 through SM-3. 2) The
opposite division may be connected to a 400 kW diesel generator connected to either the
Division 1 or the Division 2 480V safety bus.

8.3.2.1.3  +24-Volt Direct Current (Divisions 1 and 2) Systems
8.3.2.1.3.1 General. Two separate and independent Class 1E, +24-V dc systems are

provided to power the Divisions 1 and 2 main control room equipment as indicated in
Figure 8.3-52. Each +24-V battery has two 12-cell 24-V banks connected in series with
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common point grounded. Each bank is provided with a solid-state battery charger which
receives 120-V ac input power from its respective Division 1 or 2 120-V ac vital power panel.

8.3.2.1.3.2 Batteries. In the event of a loss or interruption of charger 24-V dc (plus or minus)
output, the batteries will maintain power to their respective dc systems for at least 2 hr. The
ampere-hour capacity of each battery is 150 AH at 8 hr. This exceeds the NSSS vendor’s
requirements for units sized 60 AH at 4 hr. Circuit loads are indicated in Figure 8.3-52, dc
one line diagram. |

8.3.2.1.3.3 Chargers. The chargers for each +24-V dc load group (four chargers total) are
supplied from 120-V ac vital power panels associated with each division. Each charger is
capable of carrying the largest combined demand of the various steady state dc loads while
simultaneously restoring the battery from its discharged state (1.75 V per cell which is
equivalent to a battery terminal voltage of 21 V dc) to its fully charged state (charging current
has stability) in 24 hr. The charger size and instrumentation conform to the requirements of
IEEE 308-1974 and Regulatory Guide 1.32, Revision 2. The +24-V dc Division 1 (CO-1A,
CO-1B) and Division 2 (CO-2A, CO-2B) chargers are rated 25 amps dc output.

8.3.2.1.4  250-Volt Direct Current (Division 1) System

8.3.2.1.4.1 General. One Class 1E 250-V dc system is provided to supply 120/240-V ac
power on an uninterruptible basis to plant controls, instrumentation, computer and
communication equipment via a solid state inverter. It also supplies 250-V dc power directly
to reactor core isolation cooling (RCIC), selected RHR and reactor water cleanup (RWCU)
system MOVs and the main and feedwater turbines auxiliary oil pumps. See Figures 8.3-5 and
8.3-52.

The cabling to the main 250-V dc distribution panel, the panel, battery, charger, and incoming
480-V ac normal source are Class 1E (Division 1).

8.3.2.1.4.2 Battery. In the event of a loss or interruption of charger 250-V dc output, the
battery will maintain power to its dc system loads. The amp rating and short time rating of the
battery is in accordance with IEEE 308-1974. The battery is capable of supplying (based on
duty cycle calculations for a simultaneous LOOP and LOCA) dc power required to safely shut
down the plant. The battery is conservatively sized based on the charger not being available
for 2 hr even though this condition is not a requirement for any analyzed DBE at CGS.

The battery consists of two parallel strings of 116 cells (total of 232 cells) and has a capacity of
2380 AH (based on an 8 hr discharge to 1.81 V per cell which is equivalent to a battery
terminal voltage of 210 V dc).
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A

8.3.2.1.4.3  Charger. The charger for the 250-V dc system is supplied from a Class 1E
480-V ac MCC and is capable of carrying the largest combined demand of the various steady-
state loads while simultaneously restoring the battery from its discharged state (1.81 V per cell)
to its fully charged state in 24 hr. The charger size and instrumentation conform to the
requirements of IEEE 308-1974 and Regulatory Guide 1.32, Revision 2. The active charger
(C2-1) is rated at 400 amps output.

During an ESBO scenario that extends beyond the 4 hour coping time of a SBO or during a
non-DBA LOOP scenario, the Class 1E 250-V Division 1 battery charger may be supplied by
alternative sources. The Division 3 HPCS diesel generator may be cross connected from SM-2
to Division 1 through SM-1 or a 400 kW diesel generator connected to the Division 1 480V
safety bus.

8.3.2.1.5 Non-Class 1E Direct Current Systems

8.3.2.1.5.1 Main Plant 125-Volt Direct Current (Non-Class 1E) System.

8.3.2.1.5.1.1 General. The main plant non-Class 1E 125-V dc system is designed to supply
the majority of the plant non-Class 1E 125-V dc loads. Selected 125-V dc non-Class 1E loads
are supplied by one or the other of two Class 1E 125-V dc batteries through isolation devices.
The battery is provided a solid-state battery charger which is fed from a non-Class 1E

480-V ac source. [During an ESBO or a non-DBA LOOP, its source power may be transferred
from its normal power source to a Division 2 power source.

8.3.2.1.5.1.1.1 Battery (B1-7). The battery has 58 cells which are floated to 2.25 V per cell.
It is rated at 1190 amp hr at an 8-hr discharge rate down to 1.81 V per cell.

8.3.2.1.5.1.1.2 Charger (C1-7). The battery charger is a three phase, thyristor controlled,
constant potential battery charger. It is unique in that it has two separate power supply
sources. It is normally powered from MC-6B. However, during an ESBO or a non-DBA
LOOP, its source power may be transferred from MC-6B to MC-8A. This transfer is
accomplished by repositioning two locked, manual transfer switches located near the battery
charger. The keys for the locked manual transfer switches are administratively controlled.

8.3.2.1.5.2 Makeup Pump House 125-Volt Direct Current (Non-Class 1E) System.

8.3.2.1.5.2.1 General. The Divisions A and B 125-V dc non-Class 1E loads of the makeup
water pump house are fed from two non-Class 1E batteries.

B1-3 and B1-4. Each battery is provided with a charger which is fed from a
480/120-V transformer connected to an MCC of a compatible division.
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8.3.2.1.5.2.2 Batteries (B1-3 and B1-4). The batteries are rated for 94 amp-hr based on an
8-hr discharge rate of 1.81 V per cell.

8.3.2.1.5.2.3 Chargers (C1-3 and C1-4). The battery chargers are each sized 25 amps at
125 V dc.

8.3.2.1.5.3  405-Volt Direct Current (Non-Class 1E) System.

8.3.2.1.5.3.1 General. The 405-V dc system is located in building 62. It is provided with an
inverter/charger (IN-4) which is supplied from a Class 1E 480-V ac source.

8.3.2.1.5.3.2 Battery (B1-6). The battery is made up of 180 cells in series and floated at
2.25 V per cell. Its 1-hr discharge rate is 601.3 amps down to a minimum voltage of 1.75 V
per cell. This discharge rate supports the 1-hr emergency load cycle for this battery.

8.3.2.1.5.3.3 Charger. The battery charger portion of the security system inverter (IN-4) is
sized to supply the emergency and normal loads and at the same time charge the battery from
its minimum charge of 1.75 V per cell to its fully charged state in 24 hr.

8.3.2.1.6  Ventilation

Batteries for Divisions 1 and 2 are located in separate rooms within the radwaste/control
building. The battery for Division 3 is located in the diesel generator building. Each room is
ventilated by separate exhaust fans to remove gases produced during the battery charging
cycle. Battery rooms have no common ventilation ducts. Failure of the HVAC system of each
battery room is annunciated. A portable exhaust fan is provided to service a battery room with
a failed ventilation system.

8.3.2.1.7 Testing and Maintenance

8.3.2.1.7.1 Periodic Maintenance Testing. Periodic maintenance tests will be performed in
accordance with IEEE 308-1974, 450-2002, with the exception noted in Section 8.3.2.1.7.2,
and Regulatory Guide 1.32, Revision 2, on all components of the dc systems to determine the
condition of each individual subsystem. Battery and battery chargers will be tested and
inspected in accordance with Technical Specifications requirements. The following
tests/inspections shall be made:

a. Visual inspection of system and electrical connections;
b. Liquid level of each cell;

C. Voltage and temperature of the pilot cell of each battery;
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The voltage and specific gravity of each cell, and the temperature of selected
cells;

Performance discharge and service tests will be performed in accordance with
IEEE 450-2002. The voltage of each cell will be taken and logged after
discharge; and

Battery voltage and charging current will be measured and logged on a weekly
basis.

For Class 1E dc system components, the manufacturer has either performed operational tests
or calculated data which substantiate the capability of the equipment to carry their dc
postaccident (worst case) loads. Seismic and environmental qualification is discussed in
Sections 3.10 and 3.11.

Preoperational testing, as described in Section 14.2, was performed to verify that all
components, automatic and manual controls, and functions of the dc power systems perform as

required.

8.3.2.1.7.2 Exceptions to Institute of Electrical and Electronics Engineers Standards. The
following exceptions are taken to the requirements listed in Table 2 of IEEE 308-1974:

Battery float charging current will be measured in lieu of pilot cell specific
gravity. Charging current and pilot cell voltage will be measured monthly
versus every week as recommended in the standard,;

The cell voltage of all the cells will be measured quarterly versus every month
as recommended in the standard;

LDCN-07-030

Specific gravity of all cells will be measured annually versus every month as
recommended in the standard;

A visual inspection will be performed monthly versus every week as
recommended in the standard; and

A performance test will be performed at least once every 5 years versus every
3 years as recommended in the standard.
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The following exception is taken to the requirements listed in IEEE 450-2002.

a. Water will be added when any cell electrolyte reaches the low-level line to bring
all cells to the middle of high-low mark versus to bring all cells to the high-level
line as recommended by step a of Section 5.3.1 of IEEE 450-2002.

8.3.2.2  Analysis
8.3.2.2.1 Compliance to Criteria

8.3.2.2.1.1 General. In accordance with GDC 17, IEEE 308-1974, and Regulatory

Guide 1.6, Revision 0, redundancy and independence of dc power sources and distribution
equipment are provided by the separate Divisions 1 and 2 (Class 1E) battery systems. Each dc
system has sufficient capacity to supply the dc power requirements of the redundant

(Divisions 1 and 2) load groups for at least 2 hr following loss of power to the charger
coincident with a DBA. This redundancy extends from the batteries and battery chargers
through distribution panels, cabling, switchgear, and protective devices.

The HPCS dc power system is a separate and independent safety-related (Class 1E) system
comprising Division 3. The Division 3 dc loads serve a separate safety function not provided
by Division 1 or 2 directly. However, the automatic depressurization system (ADS), working
with the LPCS, or low-pressure coolant injection (LPCI) systems supplied via Divisions 1 and
2, can compensate for the loss of the entire Division 3 system.

There are no electrical connections between the dc buses for Division 1, 2, and 3, and there is
no automatic or manual transfer of load between divisions. The elimination of ties between dc
systems prevents a single failure from affecting more than one division.

Selected non-Class 1E loads are connected to the Class 1E power supplies. This does not
degrade the Class 1E power supplies based on the following:

a. All non-Class 1E loads are connected to Class 1E power supplies through
Class 1E isolation devices. Any overcurrent condition that could occur in the
non-Class 1E portions of the system are isolated by these Class 1E devices
without affecting the availability of the power supply. These Class 1E
protective devices are either a circuit breaker shunt, tripped on a LOCA signal,
or one or two series overcurrent devices such as fuses or circuit breakers. The
overcurrent devices trip on overloads, line-to-line and double line-to-ground
faults on all dc systems. They also trip on single line, line-to-line ground faults
on solidly grounded systems;

The power source shall supply the necessary fault current to ensure proper
coordination of the circuit’s Class 1E isolation device without loss of function of
Class 1E loads;

LDCN-14-012 8.3-74



COLUMBIA GENERATING STATION Amendment 60

FINAL SAFETY ANALYSIS REPORT December 2009
b. Periodic surveillance procedures ensure protective device trip setpoints to be
within acceptable limits for proper coordination with the main circuit protective
device;
C. Wiring to the non-Class 1E loads from the Class 1E power supplies is

designated as prime circuits, and is routed in accordance with separation criteria
defined in Section 8.3.1.4; and

d. The Class 1E power supplies are sized adequately to supply all Class 1E and
non-Class 1E loads connected to them.

8.3.2.2.1.2 Divisions 1 and 2 125-Volt, +24-Volt, and 250-Volt Direct Current Systems.
The Divisions 1 and 2 dc power systems have been designed in compliance with

IEEE 308-1974. Components of the systems are located in the radwaste/control building, a
Seismic Category I structure. This ensures that any design basis event as listed in

IEEE 308-1974, Table I, will not cause loss of dc power and jeopardize the safety of the
reactor or cause damage to the reactor coolant system. The dc buses and the associated
equipment are located such that redundant counterparts are physically separated from each
other. There are no dc ties between redundant ESF equipment such as switchgear or motors.
Therefore, no single failure of any dc component can adversely affect the operation of the
redundant dc systems.

The chargers are on diesel generator supplied buses so that during LOOP, with diesel
generators operating, the batteries will be required to carry their loads for short periods only.
Alarms are provided in the main control room for low dc bus voltage on the 125-V and 250-V
buses.

Low +24-V dc alarms are communicated via the main control room computer.

The Divisions 1 and 2 dc power systems satisfy the requirements of Regulatory Guide 1.32,
Revision 2, not only in their adherence to IEEE 308-1974 but also as follows:

a. The battery chargers are sized as described in Section 8.3.2.1 to meet load and
recharging requirements, and

b. Battery performance discharge tests and battery service tests are scheduled in
accordance with IEEE 450-2002.

The dc power systems are designed to permit periodic inspection and test of important areas
such as wiring, insulation, connections, and switchboards, and thus comply with GDC 18.

Control room instrumentation and alarms are provided for each battery and battery charger to
monitor the status of each power supply in accordance with IEEE 308-1974 and Regulatory
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Guide 1.47. This instrumentation includes indication of the main bus voltage, battery current
(charge and discharge), and battery charger current. Alarms through the control room
annunciator and computer are provided for the following abnormal conditions: bus
undervoltage, dc system ground fault (for ungrounded systems), battery fuse blown, battery
charger over/undervoltage, and battery charger ac failure. Charger and battery disconnect
switches are provided with position indication and group alarm in the control room.

Battery high discharge rate is not separately alarmed. In the absence of an electrical fault and
with battery charger available, all normal and emergency steady state loads are carried by the
battery charger. For the 125-Volt and 250-Volt Direct Current Systems, the battery charger
operates in a current-limiting mode of 115% of its full load rating and any overcurrent in
excess is supplied by the battery. For the 24-Volt Direct Current Systems, the battery charger
operates in a current-limiting mode between 110% to 125% of its full load rating and any
overcurrent in excess is supplied by the battery. However, the feeder circuit fuses are sized to
trip on overcurrents of this magnitude, thereby preventing battery high discharge current to
continue to the point of degrading the system. Annunciation of the isolated Class 1E circuit is
made for each connected load. Failure of the battery charger also causes a battery high
discharge as discussed above.

8.3.2.2.1.3 High-Pressure Core Spray (Division 3) 125-Volt Direct Current System. The
480-V ac feed to the HPCS battery charger is from the HPCS MCC via the engine generator
control panel. Separation between Division 3 and other independent systems is maintained and
the power provided to the chargers can be from either offsite or onsite sources. The HPCS dc
system is arranged so that the probability of a system failure resulting in loss of dc power is
extremely low. Important system components are either self-alarming on failure or capable of
being tested during service to detect faults. All abnormal conditions of selected system
parameters important to surveillance of the system annunciate in the main control room. Cross
connections with other independent 125-V dc systems do not exist.

Control room instrumentation and alarms for the HPCS are similar to those of the Divisions 1
and 2 dc systems as discussed in Section 8.3.2.2.1.2.

Components of the system are located in the diesel generator building, a Seismic Category I
structure.

The dc power supply to switchgear circuit breakers in the Division 3 load group is from the
Division 3 battery. There are no connections between dc systems of different divisions,
thereby ensuring that no single failure in one dc system can affect power systems of other
divisions.

8.3.2.2.1.4 Non-Class 1E Direct Current Systems. There are no specific safety design
requirements for the non-Class 1E dc systems other than those required for a reliable operation
and for good system operability and maintainability.
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8.3.2.2.2  Service Environment

All components of Class 1E dc systems, with the exception of some distribution and control
cables and control devices, are located outside of primary containment.

Components located in normally air conditioned areas are either designed to continue operating
in the event of loss of air conditioning or a Class 1E air conditioning system is provided (see
Section 3.11.4).

See Section 3.11 for discussion of environmental design and analysis of Class 1E electrical
components for postaccident conditions and to Section 3.10 for seismic conditions.

8.3.2.3  Physical Identification of Safety-Related (Class 1E) Equipment

The safety-related equipment for each division of the Class 1E dc power system is discussed in
Section 8.3.1.3.

8.3.2.4 Independence of Electrical Divisions

Spatial separation and/or placement of physical barriers between different divisions of the dc
power system is used as a protection against loss of the redundant dc load groups from a single
event. Electrical separation is provided as described in Section 8.3.1.4.

The Class 1E batteries and battery chargers of redundant divisions are located separately from
one another in Seismic Category I rooms with no common ventilation connections. Redundant
dc distribution panels and 480-V MCCs are located at sufficient distance apart to prevent any
single credible event from causing the loss of more than one panel or MCC. Cable trays,
cables, and control circuitry for the three divisions (1, 2, and 3) are also separated as described
in Section 8.3.1.4.

8.3.3  FIRE PROTECTION FOR CABLE SYSTEMS

8.3.3.1 Resistance of Cables to Combustion

See Section F.3.

8.3.3.2  Localization of Fires

See Section F.3.

8.3.3.3  Detection and Protection Systems

See Section F.3.

8.3-77



COLUMBIA GENERATING STATION Amendment 64
FINAL SAFETY ANALYSIS REPORT December 2017

8.3.4  REFERENCES

8.3-1

8.3-2

8.3-3

8.3-4

8.3-5

8.3-6

LDCN-17-001

NEDO-10905-3, HPCS Power Supply Topical Report.

WNP-2 Electrical Separation Design Requirements (Design Specification for
Division 200, Section 201).

NEDO-10466A, PGCC Licensing Topical Report.

“AC Electrical Distribution System,” Design Basis Document, Section 317-AC.
“DC Electrical Distribution System,” Design Basis Document, Section 317-DC.
Letter, GO2-07-139, D.W. Coleman to NRC, “Clarification on the Role of Reactor

Core Isolation Cooling During a Station Blackout for Columbia Generating
Station,” dated September 13, 2007.

8.3-78



Table 8.3-1

9Y0-91-NDd'1

Division 1 Diesel Generator Loading
Automatic Loading of Engineered Safety Systems Bus’

Shutdown With Loss of Offsite Power LOCA With Loss of Offsite Power
No. Total hp/kW  No. Req'd No. Req'd
on Connected Part of Time to Time to Part of Time to Time to
Item Description Bus to Bus Set P/O Start? Stop kW Set P/O Start® Stop kW
1) Motor operated valves? Set  200.0 kW Set 0 sec (©) - Set 0 sec (c) -—-
2) Emergency lighting and power panelsd Set 123.9 kW Set 0 sec (e) 123.9 Set 0 sec (e) 116.7
3) Power panels (1E) Set  27.2 kW Set 0 sec (e) 27.2 Set 0 sec (e) 27.2
4) Diesel auxiliaries and HVAC Set  150.2 kW Set 0 sec®f (e,f) 150.2 Set 0 sec®f (e, 150.2
5) Low pressure core spray water leg pump 1 10/8.4 kW 1 0 sec® (e) 8.4 1 0 sec® (e) 8.4
o0 6) Standby liquid control pump 1 40/29.7 kW - - -
w 7) Reactor core isolation cooling water leg pump 1 15/5.6 kW 1 0 sec’ ® 5.6 1 0 sec ® 5.6
\I\D] 8) Fuel pool recirculation pump Set 50/35.8 kW Set 0 sec! (e) 35.8 Set 0 sec! (e) 35.8
9) Plant service water pump Ad 1 1500/1176.7 kW 1 10 sec ©] 1176.7 - -
10) Low-pressure core spray pump 1 1500/1164.5 kW - -—- - - 1 0 sec (e) 1164.5
11) Residual heat removal pump A 1 800/643.8 kW 1 10 min® (e) (643.8) 1 5 sec (e) 643.8
12) Standby service water pump 1 1750/1269.4 kW 1 (g) (e) 1269.4 1 (g) (e) 1269.4
13) Cooling tower makeup water pumpcl 2 1600/1280.3 kW 1 (e,h) © (640.2) - - - -
14)  Control rod drive pumpd 1 250/203.5 kW 1 (e © (203.5) - - - -
15)  Reactor closed cooling pumpd 1 200/161.3 kW 1 0 sec (e) 161.3 - -
16) Load center transformer losses TR-7/71 and -7/73 2 40.0 kW 2 0 sec Cont 40.0 2 0 sec Cont 40.3
17) 250-V battery charger 1 85.5 kW 1 0 sec (e) 85.5 1 0 sec (e) 85.5
18) 125-V battery charger 1 28.0 kW 1 0 sec (e) 28.0 1 0 sec (e) 28.0
19)  Uninterruptible power supplyd E-IN-1 1 32.96 kW 1 0 sec (e 32.96 1 0 sec (e 32.96
20) Standby gas treatment fans and 2 50/47.6 kW - - - - 1 30 sec (e) 47.6
heater coils 2 45.5 kW — -— -— -— 2 20 sec ® 45.5
21) Reactor protection system motor-generator set’ 1 25/20.2 kW 1 0 sec (e 20.2 1 © © 20.2
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Division 1 Diesel Generator Loading
Automatic Loading of Engineered Safety Systems Bus' (Continued)

Table 8.3-1

Shutdown With Loss of Offsite Power

LOCA With Loss of Offsite Power

No. Total hp/kW  No. Req'd No. Req'd
on Connected Part of Time to Time to Part of Time to Time to
Item Description Bus to Bus Set P/O Start? Stop kW Set P/O Start® Stop kW
22) Drywell cooling and fans Set  292.5/241.4kW  P/O Set 0 sec (e) 323 P/O Set 0 sec (e) 323
23) Control air compressord 1 103/81.8 kW 1 0 sec (e) 81.8 1 0 sec (e 81.8
24) Reactor building electrical equipment HVAC Set  338.5kW Set 0 sec! (e) 13.5 Set 0 sec’ (e) 21.4
25) Control building electrical equipment HVAC Set 2524 kW Set 0 sect’ (e) 110.4 Set 0 sec’ (e) 109.4
26) Makeup water pump house electrical equipment Set 80 kW Set (e,h) (e) (80) - - - -
HVAC?
27) Standby service water pump house electrical Set  38.4 kW Set 0 sec (e) 384 Set 0 sec (e) 38.4
equipment HVAC
28) Control room emergency chiller* Set 134.8 kW Set 0 sec (f) 134.8 Set 0 sec (f) 134.8
29)  Security system power panelsd Set  56.5 kW Set 0 sec (e) 56.5 Set 0 sec (e) 56.5
30) TSC building electric equipment and heaters Set 117.3 kW Set 0 sec (e) 117.3 Set 0 sec ) 107.3
31) Miscellaneous auxiliaries - 8.3 kW 0 sec (e) 8.3 Set 0 sec (e) 8.3

Total automatically applied 3758.2

Total automatically applied 4311.7

() kW figures in parenthesis are for manually applied loads not added to total automatically applied loads.

* Time to start after bus voltage frequency have been established. Maximum time after signal to start generator for voltage to be established is 15 sec.
® Intermittent loads not included as long-term loading.

¢ Motors stop automatically when valve action is completed.

9 Items are non-Class 1E.
¢ Start and/or stop manually.

T Start and/or stop automatically with associated pump or diesel, pressure, temperature switch, or flow.

€ SW start time (after bus energization) is the sum of SW start timer (20 sec) and SW return valve open time to actuate the limit switch permissive.

"1 oad can be manually applied after the operator determines there is sufficient generator capacity.

iOperates automatically on chilled water demand.
j Note: This table is based on calculation E/I-02-91-03. To get the latest up to date values, refer to the latest revision of calculation E/1-02-91-03 and its outstanding Calculation Modification

Records (CMRs).
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Table 8.3-2

Division 2 Diesel Generator Loading
Automatic Loading of Engineered Safety Systems Bus’

18-€°8

Shutdown With Loss of Offsite Power LOCA With Loss of Offsite Power
No. Total hp/kW  No. Req'd No. Req'd
on Connected Part of Time to Time to Part of Time to Time to
Item Description Bus to Bus Set P/O Start® Stop kW Set P/O Start® Stop kW
1) Motor operated valves® Set  200.0 kW Set 0 sec (c) Set 0 sec ©)
2) Emergency lighting and power panelsd Set  122.2 kW Set 0 sec (e) 122.2 Set 0 sec (e) 115.0
3) Power panels (1E) Set  29.3 kW Set 0 sec (e) 29.3 Set 0 sec (e) 29.3
4) Diesel auxiliaries and HVAC Set 177.8 kW Set 0 sec®t ) 177.8 Set 0 sec®’ (e,D) 177.8
5) Residual heat removal water leg pump 1 10/8.4 kW 1 0 sec (e) 8.4 1 0 sec (e) 8.4
6) Standby liquid control pump 1 40/29.7 kW - -—- -—- --- - - - ---
7) Standby liquid control tank heaters 2 50kW 1 0 sec ® 10.0 1 0 sec’ ® 10.0
8) Fuel pool cooling and cleanup system Set  35.8 kW P/O set 0 sect (e) 35.8 P/O set 0 sect (e) 35.8
9) Plant service water pump B 1 1500/1176.7 kW 1 10 sec e 1176.7 -
10) Residual heat removal pump C 1 800/643.8 kW 1 (e, (e) (643.8) 1 0 sec (e) 643.8
11) Standby service water pump 1 1750/1288.1 kW 1 (2) (e) 1288.1 1 (g (e) 1288.1
12) Cooling tower makeup water pump* 2 1600/1280.3 kW 1 (e,h) (e (640.2)
13) Control rod drive pump® 1 250/203.5 kW 1 ©) Q) (203.5) - - - -—
14) Reactor closed cooling pump® 2 400/322.6 kW 1 0 sec © 161.3 - - - -
15) Load Center Transformer Losses TR-8/81 and -8/83° 2 45/39.1 kW 2 0 sec Cont 39.1 2 0 sec Cont 38.0
16) 125-V battery charger 1 264kW 1 0 sec (e) 26.4 1 0 sec (e) 26.4
17) Standby gas treatment fans 2 50/47.6 kW -- -- -- - 1 30 sec (e) 47.6
and heater coils 2 455kW - - - - 2 20 sec ®) 45.5
18) Reactor protection system motor-generator set 1 25/20.2 kW 1 0 sec (e) 20.2 1 (e) (e) 20.2
19) Drywell cooling and fans Set  347.5/41.1 kW P/O set 0 sec (e) 41.1 P/O set 0 sec (e) 41.1
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Table 8.3-2

Division 2 Diesel Generator Loading
Automatic Loading of Engineered Safety Systems Bus' (Continued)

Shutdown With Loss of Offsite Power LOCA With Loss of Offsite Power
No. Total hp/kW  No. Req'd No. Req'd
on Connected Part of Time to Time to Part of Time to Time to
Item Description Bus to Bus Set P/O Start® Stop kW Set P/O Start? Stop kW
20) Control air compressor and dryersd 1 100/78.9 kW 1 0 sec (e) 78.9 1 0 sec (e) 78.9
21) Reactor building electrical equipment, HVAC Set 371 kW Set 0 sec © 11.3 Set 0 sec’ © 17
22) Control building electrical equipment, HVAC Set 193 kW Set 0 sec! © 97.6 Set 0 sec® © 97.6
23) Makeup water pump house electrical equipment Set 80 kW Set (e,h) (e) (80) - - - -
HVAC?
24) Standby service water pump house Set  40.9 kW Set 0 sec (e) 40.9 Set 0 sec (e) 40.9
25) Control room emergency chiller' Set 134.8 kW Set 0 sec (6] 134.8 Set 0 sec ® 134.8
26) Uninterruptible power supply” E-IN-5 1 52.1kW 1 0 sec (e 52.1 1 0 sec © 52.1
27) Security system power panels® Set  195.9 kW Set 0 sec © 195.9 Set 0 sec (O] 195.9
28) Miscellaneous auxiliaries -— 11.6 kW -—- 0 sec (e) 11.6 - 0 sec (e) 11.6
29) Residual heat removal pump B 1 900/717.3 kW - - - - 1 5 sec (e) 717.3
Total automatically applied 3759.3 Total automatically applied 3872.9

LIOdHY SISATVNY ALAAVS TVNIH
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() kW Figures in parenthesis are for manual applied loads not added to the total automatically applied loads.

 Time to start after bus voltage frequency have been established. Maximum time after signal to start generator for voltage to be established is 15 sec.
® Intermittent loads not included as long-term loading.

¢ Motors stop automatically when valve action is completed.

9Items are non-Class 1E.

“Start and/or stop manually.

T Start and/or stop automatically with associated pump or diesel, pressure, temperature switch, or flow.

£ SW start time (after bus energization) is the sum of SW start timer (20 sec) and SW return valve open time to actuate the limit switch permissive.

"1 0ad can be manually applied after the operator determines there is sufficient generator capacity.

iOperates automatically on chilled water demand.

i Note: This table is based on calculation E/I-02-91-03. To get the latest up to date values, refer to the latest revision of calculation E/1-02-91-03 and its outstanding Calculation Modification
Records (CMRs).
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Table 8.3-3

Division 3 Diesel Generator Loading

Automatic Loading of Engineered Safety Systems Bus:

Shutdown With Loss of Offsite Power

LOCA With Loss of Offsite Power

No Total hp/kW  No. Req'd No. Req'd
on Connected Part of Time to Time to Part of Time to Time to
Item Description Bus to Bus Set P/O Start® Stop kW Set P/O Start® Stop kW
1) High-pressure core spray pump (HPCS-P-1) 1 3000/2306.7 kW - - --- - 1 0 sec (b) 2306.7
2) Motor operated valves® Set  77/62 kW - - - -— Set 0 sec (b) —
3) High-pressure core spray water leg pump (HPCS-P-3) 1 10/8.4 kW 1 (b) 8.4 1 (b) (b) 8.4
4) High-pressure core spray service water pump (HPCS-P-2) 1 47.6 kW 1 0 sec (b) 47.6 1 0 sec (b) 47.6
5) Auxiliary panel (E-CP-DG/CP3) 1 3.5kW 1 0 sec ) 3.5 1 0 sec ) 3.5
6) Diesel generator room exhaust fan (DEA-FN-31) 1 50/40.8 kW 1 (d) (d) 40.8 1 (d) () 40.8
7) Supply fans (DMA-FN-31) 2 32/22.7 kW 1 (d) (d) 22.7 2 (d) (d) 22.7
8) Fan coil unit (RRA-FN-4) 1 10/8.4 kW - - 1 0 sec (d) 8.4
9) Instrument and control power (E-PP-4A) Pnl 2.4 kW Pnl 0 sec (b) 2.4 Pnl 0 sec (b) 2.4
10) Lighting panel (E-ELP-4 A)f Pnl 9.3 kW Pnl 0 sec (b) 9.3 Pnl 0 sec (b) 9.3
11) Miscellaneous auxiliary (DO-P-2, DLO-P-12, Set 4 kW Set 0 sec (b) 2.2 Set 0 sec (b) 4
POA-FN-2A)
12) Load center, transformer losses (E-TR-4/41) 1 7.0 kW 1 0 sec - 6.0 1 0 sec 6.5
13) High-pressure core spray diesel room heater 1 35 kW 1 0 sec (@) 35.0 1 0 sec (@ 35.0°
(DMA-EHC-32)
14) DMA supply fan (DMA-FN-32) 1 11.8 kW 1 0 sec (b) 11.8 1 0 sec (b) 11.8
15) Day tank room exhaust fan (DEA-FN-32) 1 0.5 kW 1 (b) (b) 0.5 1 (b) (b) 0.5
16) High-pressure core spray oil pump room heater 1 7.5 kW 1 0 sec (d) 7.5 1 0 sec (@) 7.5°

(DRA-EUH-31)

Total 197.6 kW

Total 2515.0 kW

 Time to start after bus voltage frequency have been established. Maximum time after signal to start generator for voltage to be established is 15 sec.
® Start and/or stop manually.

¢ Intermittent loads not included as long-term loading.
4 Start and/or stop automatically with associated pump or diesel, pressure, temperature switch, or flow.

° Due to heat dissipation from the diesel, the room temperature exceeds 70°F (thermostat settings for DMA-EHC-32 and DRA-EUH-31 are 70°F and 50°F, respectively) within a few minutes.

Hence, DMA-EHC-32 and DRA-EUH-31 are switched off within a few minutes. Therefore, these heaters are short-term load. However, for a conservative approach, these heater loads are
included in the diesel loading.
f Non-Class 1E.

¢Note: This table is based on calculation E/I-02-91-03. To get the latest up to date values, refer to the latest revision of calculation E/1-02-91-03 and its outstanding Calculation Modification

Records (CMRs).
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COLUMBIA GENERATING STATION Amendment 62
FINAL SAFETY ANALYSIS REPORT December 2013

Table 8.3-4

Motor and Motor Starter Voltage Requirements

Minimum Requirement Maximum Capability

Nameplate
Equipment Voltage Voltage % NPV Voltage % NPV

6.9-kV motors 6600 V 5940 90 7260 110
(continuous operation)

4.16-kV motors 4000 V 3600 90 4400 110
(continuous operation)

480-V motors 460 V 414 90 506 110
(continuous operation)

480-V starters 480 V 341-408?2 71-85 528 110
(pickup)

480-V starters 480 V 264 55 - -
(holding)

* Minimum pickup voltage varies between different manufacturers and model types.

Notes:
1. NPV indicates nameplate voltage of motors or starters for the particular voltage level.
2. Deviation from the minimum voltage requirements is permitted for Class 1E motors

provided an analysis is performed and documented, to demonstrate that the motors can
perform their safety function with the voltage supplied.

LDCN-12-020 8.3-84



COLUMBIA GENERATING STATION

Amendment 57

FINAL SAFETY ANALYSIS REPORT December 2003
Table 8.3-5
Divisions 1 and 2
Standby Diesel Generator Annunciators
Location
Annunciation® Local MCR"
1. Diesel generator breaker 7-DG1 (8-DG2) trip - X
2. Diesel generator breaker 7-DG1 (8-DG2) overcurrent lockout® - X
3. Diesel generator breaker DG1-7 (DG2-8) close circuit -—- X
undervoltage/test*
4. Diesel generator breaker DG1-7 (DG2-8) trip - X
5. Diesel generator No. 1 (No. 2) overspeed trip X X
6. Diesel generator No. 1 (No. 2) lockout? --- X
7. Diesel generator No. 1 (No. 2) not in auto start - X
8. Diesel generator breaker DG1-7 (DG2-8) switch in local or -—- X
remote
9. Diesel generator No. 1 (No. 2) failed to start X X
10. Diesel generator 7-DG1 (8-DG2) ground - X
11. Diesel generator No. 1 (No. 2) generator ground - X
12. Diesel generator No. 1 (No. 2) generator field ground - X
13. Diesel generator No. 1 (No. 2) local dc control power failure - X
14. Diesel generator No. 1 (No. 2) vibration high X X
15. Diesel generator No. 1 (No. 2) stator bearing temperature high - X
16. Diesel generator No. 1 (No. 2) day tank oil level high X X
17. Diesel generator No. 1 (No. 2) day tank oil level low X X
18. Diesel generator No. 1 (No. 2) storage tank oil level high -- X
19. Diesel generator No. 1 (No. 2) storage tank oil level low - X
20. Diesel generator No. 1 (No. 2) cable cooling flow low -—- X
21. Diesel generator No. 1 (No. 2) auto start - X
22. Diesel generator No. 1 (No. 2) local panel alarm® X

8.3-85



COLUMBIA GENERATING STATION Amendment 57
FINAL SAFETY ANALYSIS REPORT December 2003

Table 8.3-5

Divisions 1 and 2
Standby Diesel Generator Annunciators (Continued)

Location
Annunciation® Local MCR"

23. Diesel generator breaker 7-DG1 (8-DG 2) close circuit - X

undervoltage/test”
24. Engines for diesel generator No. 1 (DG 2) - cooling water low - X

flow
25. Diesel generator No. 1 (DG 2) room - cooling flow low - X
26. Diesel generator No. 1 (No. 2) solenoid valve failure X -
27. Diesel generator No. 1 (No. 2) lube oil pressure low X -
28. Diesel generator No. 1 (No. 2) oil temperature high X -
29. Diesel generator No. 1 (No. 2) crankcase press high X -
30. Diesel generator No. 1 (No. 2) engine water level low X -
31. Diesel generator No. 1 (No. 2) lube oil level low X -
32. Diesel generator No. 1 (No. 2) oil temperature low X -
33. Diesel generator No. 1 (No. 2) differential fuel pressure high X -
34. Diesel generator No. 1 (No. 2) jacket water temperature high X -
35. Diesel generator No. 1 (No. 2) jacket water temperature low X -
36. Diesel generator No. 1 (No. 2) fuel oil pressure low X -
37. Diesel generator No. 1 (No. 2) starting air receivers No. 1 and X -

No. 2 pressure low
38. Diesel generator No. 1 (No. 2) improper paralleling - X

? Independent drops are provided for Division 1 and Division 2 annunciators. Drop titles for
the Division 2 annunciators are indicated by parentheses.

® Main control room - Board "C" (Panel P800).

¢ This function inputs into a BISI alarm that indicates the breaker is out of service.

4 Diesel generating unit incomplete sequence and differential current signals trip the units via
the unit lockout relays (item 6).

¢ All abnormal signals detected at the local diesel generator control panels provide input to the
general (item 22) alarm.

8.3-86



COLUMBIA GENERATING STATION
FINAL SAFETY ANALYSIS REPORT

Amendment 62
December 2013

Table 8.3-6
The italicized information is historical and was provided to support the application for an operating
license.
Comparison of High-Pressure Core Spray Diesel Generators
Component LaSalle Columbia Generating Station
Engine:
Model EMD-20-645E4 EMD-20-645E4
hp 3600 3600
Speed (rpm) 900 900
Generator:
Model Ideal Electric-CO-SAB GE - 264 x 730
kVA 3560 3560
Volts 3400/4160Y 2400/4160Y
Hertz 60 60
Insulation Class B Class B
Moment of inertia (#-ft) 36,000 32,450¢
Reactance (%)
Subtransient (X”a) 7.1 10.9
Transient (X'a) 14.3 16.5
Synchronous (Xa) 112.0 82.0
Time const (sec)
T:” (S-C) 0.021 0.01
T’a+(0-C) 3.5 2.87
Regulator type Solid state Solid state
Exciter type Brushless rotary Static with field flashing
Governor
Model Woodward UG-8 Woodward EGB-10
Speed sensor Mechanical Electronic*
Error #1% #0.25%
Loads
HPCS pump 3000 hp 3000 hp
1800 rpm 1800 rpm
373 FLA 373 FLA
Auxiliary loads 220 kW 220 kW

* Columbia Generating Station overall diesel generator moment of inertia is lower than LaSalle.
Hence, diesel generator starting time may be less for Columbia Generating Station than for LaSalle.

" The higher transient and subtransient reactance for Columbia Generating Station is compensated by
the use of a static exciter which provides faster voltage recovery during voltage dips.

¢ Electronic sensing together with hydraulic actuation result in faster and more accurate response.

LDCN-12-005
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COLUMBIA GENERATING STATION Amendment 57
FINAL SAFETY ANALYSIS REPORT December 2003

Table 8.3-7

Class 1E Auxiliary Alternating Current Distribution
System - Acceptable Voltage Range

Voltages Voltage Ranges
System Motor Normal
System Level Nominal Nameplate Operation® Starting”
4.16-kV switchgear 4.16 kV 4.0 kV 3.6-4.4 kV 3.2-4.4kV
480-V switchgear 480 V 460 V 414-506 V 368-506 V
480-V MCC 480 V 460 V 414-506 V 368-506 V

* Minimum and maximum voltages indicated correspond to 90% and 110% (respectively) of
motor nameplate voltage for the particular voltage level.

" Minimum and maximum voltages indicated correspond to 80% and 110% (respectively) of
motor nameplate voltage for the particular voltage level.

Note:
Deviation from the minimum voltage requirements is permitted for Class 1E motors provided

an analysis is performed, and documented to demonstrate that the motors can perform their
safety function with the voltage supplied.
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COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

Table 8.3-8

System Bus Voltage Monitoring Alarms

Undervoltage Alarms®

System Level Monitoring Device Location Annunciator ~ Computer
500-kV grid Voltmeter Main control room - -
230-kV grid Voltmeter Main control room - -
115-kV grid Voltmeter Main control room X -
4.16-kV switchgear Voltmeter Main control room X X
480-V switchgear Voltmeter Main control room - -
480-V MCC --- -—- --- ---

? Located in main control room.

LDCN-08-025 8.3-89



COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

Table 8.3-9

Plant Switchgear and Motor Control Center
Direct Current Control Power Summary

Switchgear/MCC Source

Designation Voltage? Division Panel® Division
SH-5 6.9 kV A DP-S1-1C A
SH-6 6.9 kV B DP-S1-2C B
SH-9 6.9 kV 1 DP-S1-1F 1
SH-10 6.9 kV 2 DP-S1-2D 2
SH-11 6.9 kV 2 DP-S1-2D 2
SH-12 6.9 kV 1 DP-S1-1F 1
SM-1 4.16 kV A DP-S1-1C A
SM-2 4.16 kV B DP-S1-2C B
SM-3 4.16 kV A DP-S1-1C A
SM-4 4.16 kV 3 DP-HPCS 3
SM-7 4.16 kV 1 DP-S1-1D 1
SM-8 4.16 kV 2 DP-S1-2D 2
SM-72 4.16 kV A DP-S1-3 A
SM-75 4.16 kV A DP-S1-1C A
SM-82 4.16 kV B DP-S1-4 B
SM-85 4.16 kV B DP-S1-2C B
DG1-7 4.16 kV 1 DP-S1-1E 1
DG2-8 4.16 kV 2 DP-S1-2E 2
SL-11 480 V A DP-S1-1C A
SL-21 480 V B DP-S1-2C B
SL-31 480 V A DP-S1-1C A
SL-51 480 V A Note 4

SL-52 480 V A Note 4

LDCN-08-025 8.3-90



COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

Table 8.3-9

Plant Switchgear and Motor Control Center
Direct Current Control Power Summary (Continued)

Switchgear/MCC Source

Designation Voltage® Division Panel® Division
SL-53 480 V A DP-S1-1C-2 A
SL-54 480 V A DP-S1-1C A
SL-61 480 V B C

SL-62 480 V B C

SL-63 480 V B DP-S1-2C B
SL-71 480 V 1 DP-S1-1F 1
SL-73 480 V 1 DP-S1-1F 1
SL-81 480 V 2 DP-S1-2D 2
SL-83 480 V 2 DP-S1-2D 2
MC-S1-1D 125-V dc 1 DP-S1-1 1
MC-S1-2D 125-V dc 2 DP-S1-2 2
MC-S2-1A 250-V dc 1 DP-S1-1D 1
MC-S2-1B 250-V dc A DP-S1-1C-1 A

 Voltage is ac, unless otherwise noted.
b See Figure 8.3-52.

¢ Switchgear contains manually operated breakers. All indication is remote powered via the
non-Class 1E supervisory system.

Note:

Control power for 480-V-ac motor control centers is obtained from control power transformers
located in the units.

LDCN-08-025 8.3-91
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Table 8.3-10

Battery Design Duty Cycles (Amperes vs. Time) Used for Operability Testing

Seconds Minutes
Battery (Volts/Division)' 0<t<6 6<t<18 18 <t<60|1I<t<2 2<t<60 60<t<119 119<t<120
BO-1A/-1B (£24-V/Division 1) 24 24 24 24 24 24 24
B0-2A/-2B (£24-V/Division 2) 24 24 24 24 24 24 24
B2-1 (250-V/Division 1) 899 356 360 448 352 345 345
Seconds Minutes
Battery (Volts/Division)' 0<t<6 6<t<18 18 <t<60|1<t<2 2<t<60 60<t<119 119< t<120
B1-1 (125-V/Division 1) 370 303 182 169 161 161 219
B1-2 (125-V/Division 2) 304 255 174 160 160 160 218
Seconds Minutes
Battery (Volts/Division)® 0<t<13 13<t<20 20<t<60 | 1<t<2 2<t<60 60<t<119 119<t<120
B1-HPCS (125-V/Division 3) 50 50 15 15 15 15 15
Notes:
1. The Division 1 and 2 duty cycles are based on calculation 2.05.01.

2 The Division 3 duty cycle is based on calculation E/I-02-85-02.
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COLUMBIA GENERATING STATION
FINAL SAFETY ANALYSIS REPORT

Amendment 63
December 2015

Table 8.3-11"

Division 1 125-Volt Direct Current Battery Design Duty Cycle

“The italicized information is historical and was provided to support the application for an operating license. It is

no longer updated in the FSAR.

Seconds Minutes
Equipment 0-6 6-18 18-60 1-2 260 60-119 119-120

MC-S1-1D 138 77 40 26 18 18 18
Switchgear control® - - - - - - -
Inverter IN-3A or 3B (PP-7A-A) 85 85 85 85 85 85 85
Distribution panels 137 131 55 53 53 53 111

(DP-S1-1A)

(DP-S1-1D)

(DP-S1-1E)

(DP-S1-1F)
Contingency (future) 10 10 5 5 5 5 5
Total amperesb 370 303 182 169 161 161 219

@ The switchgear control power loads are included in the distribution panels.

b The total values include margin and are rounded up from the maximum amps occurring at
any second within the above time intervals. Not all loads listed within the 0-60 second interval

are concurrent.

Notes:

1 This duty cycle is based on calculation 2.05.01.

2. The duty cycle is based on loss of offsite power (LOOP) with a coincident loss-of-
coolant accident (LOCA) at time = 0.

3. The load increase during the last minute (time = 120 minutes) is the result of adding
momentary loads that occur while returning safety systems to their standby mode. The
most limiting condition is for these operator controlled loads to occur at the end of the

duty cycle.

LDCN-15-007
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COLUMBIA GENERATING STATION Amendment 63
FINAL SAFETY ANALYSIS REPORT December 2015

Table 8.3-12°

Division 2 125-Volt Direct Current Battery Design Duty Cycle

"The italicized information is historical and was provided to support the application for an operating license. It is
no longer updated in the FSAR.

Seconds Minutes
Equipment 0-6 6-18 1860 | 1-2 2-60 60-119 119-120

MC-S1-2D 76 40 36 22 22 22 22
Switchgear control® - - - - - - -
Inverter IN-2A or 2B (PP-84-A) 70 70 70 70 70 70 70
Distribution panels 153 141 63 63 63 63 121

(DP-S1-2A4)

(DP-S1-2D)

(DP-S1-2E)
Contingency (future) b) 5 5 5 b) 5 b)
Total amperesb 304 255 174 160 160 160 218

@ The switchgear control power loads are included in the distribution panels.

b The total values include margin and are rounded up from the maximum amps occurring at
any second within the above time intervals. Not all loads listed within the 0-60 second
intervals are concurrent.

Notes:

1. This battery duty cycle is based on calculation 2.05.01.

2. The load profile is based on loss of offsite power (LOOP) with a coincident loss of
coolant accident (LOCA) at time = 0.

3. The load increase during the last minute (time = 120 minutes) is the result of
adding momentary loads that occur while returning safety systems to their standby
mode. The most limiting condition is for these operator controlled loads to occur
at the end of the 2-hr duty cycle.

LDCN-15-007 8.3-94




COLUMBIA GENERATING STATION
FINAL SAFETY ANALYSIS REPORT

Amendment 63
December 2015

Table 8.3-13"

HPCS-B1-DG3*

Division 3 (HPCS) 125-Volt Direct Current Battery Design Duty Cycle

*The italicized information is historical and was provided to support the application for an operating license. It is

no longer updated in the FSAR.

Seconds Minutes
Description 0-13 13-20 20-60 1-60 60-120

HPCS system control’ 6.5 6.5 6.5 6.5 6.5
Field flashing 22 - - — -
Two air-start solenoid valves 2.0
Switchgear (one breaker trip) 6.0 - - — —
Switchgear (two breakers close) 6.0 6.0 -—- o -
Diesel generator standby fuel 16.7 5.2 5.2 5.2 5.4
pump (DO-P-6)

Diesel generator lube oil pump  10.9 4.8 -—- -—- ---
(DLO-P-10)

Total amperes® 50.0 50.0 15.0 15.0 15.0

@ Battery duty cycle is based on loss of ac power with a coincident HPCS system actuation.

b High-pressure core spray system control components consist of DG protective and auxiliary
relays, DG control relays, time delay relays, a local annuciator panel, HPCS valve position
indicators, control relays for HPCS process control logic, etc.

¢ The total values include margin and are rounded up from the maximum amps occurring at
any second within the above time intervals. Not all loads listed within the 0-13 second

interval are concurrent.
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Table 8.3-14°

Division 1 250-Volt Direct Current Battery Design Duty Cycle

"The italicized information is historical and was provided to support the application for an operating license. It is
no longer updated in the FSAR.

Seconds Minutes
Equipment 0-6 6-18 18-60 1-2 2-60 60-119  119-120

MC-82-14 150 36 40 133 37 30 30
MC-S2-1B 617 188 188 188 188 188 188
Inverter IN-1 122 122 122 122 122 122 122
(Panel US-PP)

Contingency (future) 10 10 10 5 5 5 5
Total amperesa 899 356 360 448 352 345 345

@ The total values include margin and are rounded up from the maximum amps occurring at
any second within the above time intervals. Not all loads listed within the 0-60 second
intervals are concurrent.

Notes:

1. Duty cycle based on calculation 2.05.01.

2. The duty cycle is based on loss of offsite power (LOOP) with a coincident loss of
coolant accident (LOCA) at time = 0.

3. The load increase during the last minute (time = 120 minutes) is the result of
adding momentary loads that occur while returning safety systems to their standby
mode. The most limiting condition is for these operator controlled loads to occur
at the end of the 2-hr duty cycle.

LDCN-15-007 8.3-96




DELETED

Amendment 57
December 2003

Columbia Generating Station
Final Safety Analysis Report

Draw. No.

950021.24 Rev.

Figure 8§33

Form No. 960690
LDCN-03-013




10 9 8 7 6 4 3 | 2 1
ELEMENTARY
L) 125V DC AT E-CP-DG/REP1 (E-DP-S1/1E CKT 3) ) NOTES:
h f DG-RMS—-DG1 /64F R 1 ! '
H DG-RLY-DG1 /FF A= DG-RLY-DG1 /FF 3 1. FOR GENERAL NOTES SEE EWD-47E-00D.
DG—RLY=64F /DG AUTO MANUAL CONTROL AND
DG-RES-DG1/FFR & 4 BRIDGE OPERATOR CONTROL
INST GND BUS 7 8 DG-RLY-061/K20 D m 2. THE INFORMATION CONTAINED ON THIS EWD SUPERSEDES THE
' 1.6 OHM 5.5KW Y\ N SROOND 72-04503-710 | EWD-47E-042 EWD’S’O“? ! INFORMATION OBTAINED FROM THE INDICATED REFERENCE DRAWING.
- Dlo- 5\_/ 3 KU 0 Fi ¢
| 3 Do-DI0-061/CR7 I 77777777 EWD-47E-042A DETECTION OR e 3. FOR RELAY AND SWITCH DEVELOPMENTS SEE EWD—47E-O32A
h DG-DIO-DG1/CR8 & 125V DC AT E-CP-DG/EPT (E-DP-S1/1E CKT 2) ¢, ! 4. CURRENT BOOST TRANSFORVERS SECONDARY WINDINGS ARE PART OF
I 0G-CT-DG1/SCPT/A, B AND C. (REFERENCE EWD-47E-D328 FOR
7 os COMPLETE TRANSFORNER CONFIGURATION.)
— DG-RES-DG1_SHUNT(DCS) GENERATOR FIELD DG-PT-001/2 D6-FT-061/1 DG-RLY-061/K6é  DG-RLY-DGI /K13 '
' e X2 X1 x2 X m Iy 5. TO AVOID SLIP RING PITTING ON CABLE 1DG1—13, ITS LEADS TO THE
Rl 3N [EAD GENERATOR FIELD EXCITATION AT TERMINALS TBZ1~1 AND TBZ1-2 ARE
R2 (FOR AMMETER) T4 CoR1 - EWD_4TE_042A EWD—4TE-042A EMERGENCY PERIODICALLY REVERSED (IN ACOORDANCE WITH PPM 7.4.B.1.1.2.16).
= SHuToou SEE EWD—47E-0328 (ZONE 6/8)
' i HH i sio 70 GOVERNOR DG-RLY-DG1/K77  DG-RLY-DG1/K148 '
It Iya
" CONTROL | T
| 520 EWD-47E-046 EWD—47E—046 EWD-47E-046
G DG-RLY-DG1/KIO  DG-RLY-DG1/K14B ' LEGEND:
! 530 2ya SHUTDOWN
SCRI B4TC K RESET
| o 2 R 0 o aros (G TERMINATION LOCATED ON CIRCUIT BOARD
39 OHMS 330 OHMS LED 1 530 omms 2 By 2 9y EWD—47E-046 '
1 LED 1/2w £ /20 RELAY CONTACTS SHOWN N THE SHUTDOWN POSITION
5K LED LED
25w D 2) ol 5 |43 5 |43 r
Y L | DG-RLY-DGT/AR
0 81 CRIB Y 2 8 ¥ CR2D | () G !
1 (o [N4726 L IN4726 E 8 3 } L (GCRANTS) SHUTIOWN
— J7CrouT J7 CrouIT.
DIDDE OR SCR DIODE OR SCR CR3 | DG-RLY-DG1/LR
t 1 1 E1 @ E2 Iy A b .
I RESET 137014
! ml DG-RLY-DG1 VR2 DG-RLY=DG1/VR1 L e |
| scrz [ oo-rur-pa1/ee DG-RLY-DG1/VR2  DG-RLY-DG1/\RI DG-RLY-DGI/SDR/K1| DG-RLY-DGI/K5GF
1 ) W Iy FIELD '
1 330 OHMS LED 5 550 oHws o AN L 1 1611 62 A FLASHING
1/2w €D /2w z0 EWD-47E-D46 |
LED LED
F | D D 0 D1 D6-RNS-DG1/VRS
| 1
| 3 3 1o 7l
(N4726 (, IN4726 MANUAL \&Lﬁw |
CIRCUIT T CReulT
DIOBE OR SCR DIOGE OR ScR CRS D0-RUS—0G1 /YRS MODE .
| T ¢ 20 21 ¢
AUTO
| " AUTOMATIC VOLTAGE REGULATOR
! e 72-05000-100 '
3 oms  FE 530 onus LED S 330 omms [ o6 SIAD 0 51 Ca
/W _LED /20 ) /20 SAO os
LED LED |
5K +—O F1 S3A 3 Pro
! 25W D D I o= ° UNIT
3 3 | AlA O———————————0 Al | 06-CT-DG1/11778 PARALLEL
H
(¢ IN4726 (¢ IN4726 | BAO——— 1 o8 P2 0— =
T creum J7 cireu | | AMS—| DG-POTR-DG1 /VR/AUTO 1
| DIODE OR SCR DIODE OR SCR oY TA O —oTn i DG-AMS-DG1/PS f DG-RLY-DG1/K76
E A0 omn T )
r __ 4 o o 1211073 N2
DG-RLY-DG1/SDR/K1 _POTR- ENERGIZE
' | Iys 1CA O 0 1c el Pyl NR/AIT0 AT VOLTAGE DUTPUT arowrc !
A DG-RLY-D01 /K13 § )
| ' R1 264 O 0% T < 4100v VOLTAGE
! P o )a Rs T Y SEMING
! DG-CT-DG1 /SCPT/A ExAw ! 2040 0 ¢ DG-POTR-DG1 /VR/AUTO RUNBAGK
' st 2 1 ;‘f R2 | 36A O 0 36 EWD—47E-042A ) DG-RLY-DG1/K75 !
BRIDGE DC-CT-DG1/SCPT/8 1772 ] } XA O 0 3¢ } )
TRANSFER (NOTE 4) 5 ; L on | N2
SWITCH cno o ! ENERGIZE
h | DG-CT-D61/SCPT/C oy 02 | AT VOLTAGE OUTPUT !
! I | DG-POTR-DG1/\R/AUTO > 42200
! 7 T BAC 0 B2 | 0P-1 -
| O K I [——o =3 ! A
| i | 1
' L 77 FA O ; ; o F 2 : |
| X1A Q—p————————T0 X! | ow | |
8 Y —————C 3 |1 |
CR1O —_ cRg | | 30— |
ol . Py _ 1 « xor ot o ! | D -RLY=D01 /K76 DC-RLY-001 /K75 1
16 B
5 | pe-R- Do-RLY- | 18 10— | |
DGIAR2  DGIAVRT T ] |
| ( ]
' m o2 ; y ! DG-RMS-DGI/S4L  DG-RMS—DGI/S4L r
L L 1 L
1 OHM 25w g |
o | AuTD '
h 7 DG-RMS—DG1/S4L 1 s b cecuanor
— 0 B2 ! ! QONTROL
! DG-RMS—DG1/S4L I ¥ |
oc | il i {
, ScRe ) T | MANUAL VOLTAGE REGULATOR 7 [ 4 !
10 ) ! 72-05100-100
330 s 39 omus  LED9 330 omws i - DG-RLY-DG1 /K75 56-RLY-051 /K76
1/20 1/ _LED /20 i 1 / 0 /K
1L
& X3M QA0 G | i} 1t
5K LED | Bl TA 3aD] ]
! 25W D oMo—————————————0 % |
c | ' wars P e XM 0——?—0 X1 } DG-RMS-DG1/S4L DG-RNS-DG1/54L
1M O—t——————+0 16 |
T CIReuIT T Creurr oo o1 | k) < B 1
1 DIODE OR SCR DIODE OR SCR 8
CR11 | a3 LocAL
| CR12 [ 14 26M O O 26 | DG-RNS-DG1 /54 DG-RMS-DG1/54 29 T DG-RLY-DG1 /K13
¢ 20M O 0 2 ! | T 7C
1 0w 36M O 0 36 } s o g2 @ }
Tﬁl | & B REMOTE EWD—47E-0424
ICM O O 3¢ } DG-RNS-DG1 /54 DG—RMS-DG1 /54 a BT
SCRS AlM O O A1 | 1
— i
! LD 12 39 o5 LED 11 330 onws i o2 AN O 0 a2 |
1/2W _LED BIM O O 81 } —POTR-DG1/VR/MAN
LED LED o D2 0 m | I0P-2) 4L oo-rus-
| | r al 3 DG1/S4A 1
1 Mo +—o0 1 1 s | DG-RMS-DC1 /S4A
| 2 O—— i
(o IN4726 [N4726 —y—O c2 | | 3
DG-POTR-DG1 /R,
| T Cireur T Creun We—— | g [ | Do-RNS- ot % JRMN REF DWG DESCRIPTION
BIODE OR SCR BIODE OR SCR ] LS | T DG1/s4A 1
' ™Mo L oF 30— | DG-RMS-DG1 /544 5 r E502— MAIN_ONE_LINE_DIAGRAM
B RS [ } ! = : | E507— VAN THREE_LINE DIAGRAM
= - 16 E537-158 CONN_WIRING DIAG_(E—CP—H13/PB02)
[ 0 A3 DG-ALY-  DG-RLY- | 10—t ! MANUAL NN WIRING DIAG_(DG-NR-DC1
DGIAR2  DGI/VRI | ! | | )
I W o ! 6 i P REGULATOR NN WIRING DIAG (E-GP—DG/RPT)
orl) CONTROL
| DG-RNS-DG1/S4A | DG-RMS-DG1/S44 N | SNOTE 2) LEVENTARY DIACRAV (DG AND DC2) |
SCRE Mo Pt 4 1L 11 i {NOTE 2} E54 LEMENTARY DIAGRAN (DG1_AND D2
LED 14 TRE] ] I 21t 1Te J‘ ' NN_WIRING DIAG (E~CP—DG/REP1
| 330 OHMS 39 OHMS 330 OHMS 0 62 - - NN WIRING DIAG (T TERM_BOX,
/20 1/2W LD 1/2W
E \£0 £ o2 - FSAR FIG.
| SAFETY RELATED
! (o IN4726 N4726 !
T CireuiT CIRCUIT
DIODE OR SCR CD-1033 DIODE OR SCR

Amendment 64
December 2017

Columbia Generating Station
Final Safety Analysis Report

DGI Excitation System

Draw. No. EWD-47E-032

Rev. 12

Figure 8.3-11

Form No. 960690ai




8 ! 6 > ‘ 3 2 Amendnient 58

ELEMENTARY
. — — — — — e e e e e o NOTES:
P(+) 125 DC AT E-CP-DO/RP1 (E-DP-S1/1E GKT 2) N(-) 1. FOR GENERAL NOTES SEE EWD—47E-000.
CONT FROM CONT FROM .
1 ZONE B/10 ZONE B/7 2. THE INFORMATION CONTAINED ON THIS EWD SUPERSEDES THE
H BG-RLY-DG1/K 19 DG RMS—DG1/S5A INFORMATION OBTAINED FROM THE INDICATED REFERENCE DRAWING.
DG-RLY-86/DG1 DG-RLY-DG1/K21  DG-RLY-DG1/K19 | f . b oc
¥y e i} b ENGINE MANUAL START 761 M7 1 2 3. FOR RELAYS AND SWITCH DEVELOPMENTS SEE EWD-47E-042A
1 e ien E(Z)F BA 1 ILE ' UNLESS OTHERWISE NOTED.
DG-RMS-DG1/514 EWD-47E-048 (0533)
2l DG-RLY-DG1/K59
I g } ’e
. DEPRESSED 17 mirs s LOCAL .
(LOCAL START) START Z~ DG-RMS-DG1 (1) ENGINE
! RUNNING
_ DG-RLY-DG1/K59
I )
| I i o
_RMS— LOCAL :
DG-RHS-DO1/533 5T U soorus— (0534) LEGEND:
L, 1 oersz DO-RLY-DOI/KSS
. (A9} REMOTEW LA ; gG é—‘z p LOCAL ' NON-SAFETY RELATED
m ENGINE
DO-RLY-DG1/KS sToP INDICATES "TRANSITIONED” SIMPLE CIRCUIT THAT REQUIRES "TOP TIER'
30 b VANUAL STOP/RESET DG*RLYTBGVK” DRAWING CONTROL STATUS
G DG-RMS—DG1/520 STOP == DG-RMS-DG1 L L2 3 O b REMOTE .
' E 15 SEC TDDO ) TIME DELAY RELAY SETPOINT [S NOMINAL. FOR TIME DELAY RELAY
| P6-RMS-DC1/515 SETTINGS, SEE E514-30
1} I ]} " g
713 S5t DG-RLY-DG1/K16
1
LOCAL DEPRESSED LOCAL | REMOTE DG-RLY-DG1/K18 mirs ; @2—1 ENGINE CRANKING . DG-RLY-B6/DG1 CONTACT 10/10C IS DUPLICATED ON EWD-47E-043
! ) 1c DG-RMS—  (LOCAL STOP) DG-RMS-DG1/S14  DG—RLY-DG1/KI £ 2 AND EWD-47E-047 (SHOWN ON EWD-47E-047 FOR CIRCUIT CONTINUITY)
| DG1/520 1 bk
REMOTE DG-RLY=DG1/K21 DG-RLY-DG1/K59 DG-RMS-DG1/533 DG-RLY-86/DG1
3 DG-RMS-DG1 NORMAL DO DE-RLY, DG1/K15 ENGINE LOCAL/REMOTE By: i} By {Aj @ REMOTE
1 1 24 P mANUAL STOP EWD-47E-048 A me M 87 & 1 2 !
— ) F<1 ) £ 1 2 (2 NAINT EWD-47E-048A ENGINE
| DG-RLY-DG1/K15 (Ds26) MAINTENANCE |
1 @—1— LOCAL
1 (1) 2 1 !
E-RLY-27%/7 _RLr-
| oon DG-RLY-DG1/K15 (0s25) |
I )
iy 1( )—‘2 LODP START DG-RMS-DG1/333 @—1 ENGINE STANDBY \
! EWD—46E~106A ! 2
F | DG-RLY-DG1/K15A DG-RLY-86/DG1  DG-RMS-DGINRS ~ DG-RMS-DG1/S20  DG-RLY-DGI/K13 o) ENGINE STOPPED |
| | Iy It It Iya 9
\ 240025 [EARES EJAn 701 Fec B4TC s fﬁ;DRg’:E;TFOR 1
BO—RLYDE K154 EWD—47E-048A AUTO REMOTE m
| RHR*PHfK%A DG-RMS-DG1/544 E543-2vB2-4 (©512) |
112 m( ) 21 p LOCA START i \0 E-CP-DG/EP1 (CUB 4) \
1 LOCA 15 | GEE— N P INTERIOR LIGHT
EWD-9E-094 DG-RLY-DGI/KISA (1 DG-RLY-DG1/K15 154 75W
14] DG-RLY-DG1/K16 @ @
— DG-RLY-DG1/K19  DG—RLY-DG1/K21 DG-RLY-DG1/KID  DG-RLY-DG1/SSX1 ENGINE AIR START
1 3 Iy Iy | EWD-47E-032 EWD-47E-032
1 £l 240 HATY R2 A T2 1 2 AUXILIARY EWD—47E-046 EWD-47E-044 !
(2) (1 150 RPM EWD-47E-048 EWD-47E-046
EWD-47E-046 EWD-47E-046 HG—DIO-DG1/CRS EWD-47E-050 EWD-47E-048
- EWD-47E-052 EWD-47E-050 .
1 = EWD—47E-051
EWD-47E-052
DG-RLY-DG1/K13
E . 1<>2—4— ENGINE RUNNING
1
DG-RLY-DG1/K13A
ENGINE RUNNING
1 T 2 P SIGNAL AUXILIARY
1
DG-RLY-DG1/K59
| DG-RLYTDGI/SSK SPEED SENSING
' v 7 2 P AUXILIARY
- 150 RPM .
EWD-47E-046
DG-DIO-DG1/CR2
i
1
ENGINE SPEED '
DG-RLY-DG1/K20
DE—RIY-D61/553 INTERLOGK~
' v T 7 P FIELD GROUND
850 RPM DETECTION .
D EWD-47E-048
DG-DIO-DG1/CR4 |
¢
. ¢
1
DG-RLY=DG1/K14
GOVERNOR CONTROL
| T 7 P (ENGINE RUN)
| 1
— DG-RLY-DG1/K18
DG-RLYTDG1/K13 / ENGINE COOLANT |
! alm 102—" AUXILIARY X
| Q)
1 DG-RLY-DG1/K13 DG—RLY-DG1/K22 DG-RLY-DG1/KE SAFETY STOP |
I I )
ol e A3 UOLZ—‘ SET UP !
(1) 15 SEC TDDO |
c 1
_RLY— 1
B DG_RLY-DG1/KES DG-RLY-DG1/K22
| ® e ENGINE RUNNING REF DWG DESCRIPTION
EWD—47E-044 1 7 2 P AUXILIARY ENABLE
1 FWD—47E—046 1) 52914 CONN_WIRING DIAG (E-CP—H13/P802)
\ E537-7C CONN_WIRING DIAG (E-CP—H13/P684)
DG—RLY=DG1/K5 £537-158 CONN_WIRING DIAG (E—CP—H13/P802)
E543-2 CONN_WIRING DIAG (E-CP—DG/RP1)
1 P SAFETY SET UP (NOTE 2) [[E543-2vB—1 ELEMENTARY DIAGRAM (DG—1_AND DG-2)
- \ (NOTE 2) [E543-2vB—2 ELEMENTARY DIAGRAM (DG—1 AND DG-2)
(NOTE 2) [E543-2vB-3 ELEMENTARY DIAGRAM (DG—1 AND DG-2)
| (NOTE 2) [E543-2vB—4 ELEMENTARY DIAGRAM (DG—1_AND DG-2)
1 DG—RLY=DG1/KX (NOTE 2) [E543-2vB—6 ELEMENTARY DIAGRAM (DG—1_AND DG-2)
DG-RLY-DG1/K13 FUEL OIL (NOTE 2) [E543-2vB—7 ELEMENTARY DIAGRAM (DG—1 _AND DG-2)
b BACK-UP PUMP !
i 5 5 E543-5 CONN_WIRING DIAG (E-CP-DG/EPT)
B AUTO START
1
B CONT TO CONT TO 1
ZONE H/6 ZONE H/3
e e e e e e e e DG1 Engine Stﬂl’t/StOp Controls
. . .
Columbia Generating Station
. .
Final Safety Analysis Report

Draw. No. EWD-47E-042 Rev. 14 Figure 8.3-12

Form No. 960690FH



8 ! 7 ] 5 | | 4 I 3 i 2 ! !
CLEMENTARY
e o e s = — i — - — — - ———— — — — — — d—
tw-ana0n (0-477-002 o
.
H t. fON GIW(RM WOTS SIE (R0-470-000
| Ats) 124w D a1 E-CP-00APY (E-OF-SIL OO 3) -} '
2 Vo DRIATION CONTAMD (% 105 (00 SUPLRSID(S TrE
’ I [P H BOORMATION CETAMED PN ™ POKATID MITSWE DRsant
i _O—_-."m"“'x 3 a5 CONMCTOR 13 SOwe OV A TALE DS £ CCUT
‘:ﬁ Y ] T Lhat CONTTRITY, SIT APPROPWAT CARLL LML FOR AXATOWA. T¥DS
1 & i 8 5T om H
| " emvoan DC-BY-0GHAS - st
ELdd ‘{, >—. P avanser
I { w H
l e ) i oC-mr-GNAce - I
. z 'L——d(;,. e g oo stam ! LECON:
I 000~ 47-0422 ) 19 SEx Torp I 0 Seomm on TS DR
o-my-
it Pt - s [T ™ oo muy SO0t 1t somrws ro¥ Tt
] ” THTY jo.—‘mum ] DOAT ROAY SOTTAGS, SEE E514-20.
| " |
DQ-mLY-DE1ATY
H W""ﬂ" | AR SIART LOGK .
—l! [ a ™ et
l S > 5T vomy L1 I DG-RLY-0G1AB3 0G-fY-Da1/86
2 P LY oo S
' DG-RES-0G1 MO H -M: — ‘m 5 o
o )o o »a a
' Prutiioir sl N 130 o3 I -
. -y g n 13 | ES43a%W=1 " 1] (43-5-1
] Fommpias aon ' O=i}—0 o0 | «woum
1] ¥ 2 ? B OSA-SPY-3a12 3 4 3
I I} @ A A ST s ' | 3 o -~
A\ G—EnG- 120
' > N ] ' T 8| = 1)) 3
I ()w-u-ncum 0G-00-0CLORN | AW st stans I T 5 = .
1 S4¢ TRy —tm o-O-o o vo-o o
) ror L0} .
. E] 18 1 1 =
Gy |3 | two-srt-on 33 | to um
W.-flm 7 r N et —
H - . o{ )o [ >~ o a
2
l P - 4T-04n ‘ B = | 0sm-om o—{|—8 | m-ex-om
OG-MY-0G1 A DG-000-0CTCM13 AR TINT STATUS ry T ) T}
H st o ——— ’ o-o-o o @O—o a
; S s, o et :
"W 0 ) 1%
| w—mﬂu N P &wm ‘ (00 w-4n-an
H nlo W_/1 T\_/7 iy AR STARY DNGA M
I {1 () v 26-O% - 1 I
N DC-RES-DGLAOIA
H ! 0G-RLY-DGIX26 DG-RLY-DCIM49 DG~RLY-DCIAXS2
I 150 oS I [ 15w ) [ towcn | o GRS ]
(1] 2 [\] [*] B-O_a Q
H DG-RES-DGIR02 ' a o O ° o
I F) [ Pt s 1 CORACY
AR ST CURREN] MOWTOR RDAY 130 ows o opibo| s wa |
\ onr-scian C-RUPDOUNES  DO~Y-DCIARS a H E 1 pwey § T2 om 3 I 5
AL S S\_/o ) 10 054~ SPY-Sar/e * ] . 1 7 )
I o @ A A2 s Do l ¥| oyil-0 | oxo-am-08 floyila | o oo °
v Oe-EXG- 4 + T [()-Sv=t oY
H Y ' m e l:&-o (o0 L
l E’«lﬂ. OC-DID-0CIARYI AR STNIT STATVS l
1 SC 1oy
. u rom L2 ]
I 05-mY-0GIASY l DG-RLY-DC1XK54 DG-RLY-0C1X58 OG-RLY-0G1/XE8
H 5 ' CORACH, ™ TonACTS o CONICTS 3
[t:] 3 3 \J [*] 1
I . - I O3 e &) o s a
do-oo-couemie | AR ST stas . -
¢ Ev—uzmn H Pt ogib0 | Iwe og{l-o| o=
T e T e on 12 3 3 o Lygg | omo-srt-on Upd | ooen-on
0-r-DGtat w o o —0 E E . >
’ K /e e [ eshesas ur st ooace o~ a Bl Ogild| oo Yopil-o| v
) e s — A g e
l ' u'mw 1 W G' (mtll uun; (m)_y- 1
H DO-RIS-OCRDZA 4 '
L
' 1300 Coass l
H H DG-RLY~DO1/KES Da-RLY-001/%72 DG-RLY-DG1/XT
g O | T —— o T T -
E a o o
3 [] F ] F
I dgdi-0| wwm v [Ty
é 3 | oeanom 5 Ly d o § Ld L
& [ k]
o] w= i Apid | v 2 oo | wm
I F 4| (Sa3-%a-t | ; ] ——y 4
9 1 L] o poore TR
o 2)
pert 7

Amendment 53
November 1998

Columbia Generating Station
Final Safety Analysis Report

DG1 Air Start System Control

Draw. No. EWD-A7E-0044 [Rev. 10 I Figure

Form No. 960690

8.3-13




i — December 2017
042 EWD-47E-042 NOTES:
© '
125V DC AT EfCP*DG/RPW (EfDP*SW/WE CKT Z) N( > 1. FOR GENERAL NOTES SEE EWD-47E-000.
DG—RLY=DGI /K144 DG-RMS-DG1/S5/L 2. THE INFORMATION CONTAINED ON THIS EWD SUPERSEDES THE
H | DG-RLY-DG1/K15 N\ LOOP INTERLOCKS TO I NORM DECK CONTACTS POSITION WG INFORMATION OBTAINED FROM THE INDICATED REFERENCE DRAWING.
)7 GOVERNOR CONTROL LONER | RAISE HANDLE END  [LOWER] NoRM | RAISE
(2) |/ " = 3. MOV-1, ~2 AND —3 ARE METAL OXIDE VARISTORS INSTALLED FOR ENC.
EWD-47E—042A \|/ oH}— 0 X o USE CID 23582, LITTLEFUSE MODEL V151BAGO.
! ! EITE 7 3 4. DG-SC-GOV/DG1/AT4 ELECTRONIC GOVERNOR SPEED CONTROLLER,
oo | o TERMINALS 12, 22 & 27 ARE INTERNALLY CONNECTED TO CHASSIS
DG—RLY-DG1/K14B
DG-RLY-DG1/KI4A  DG-RLY-DG1/KI4 / s m GROUND (CG).
| i} GOVERNOR CONTROL. o [ X SPARE DG-RLY-DG1/K10
] DI IE (L3 1\ 2 (SPEED SELECT) ! _|__contacts DWG
1 EWD-47E-042A DG-DIO-DG1/CR18 s 9 g
DG-RMS-DG1/554 oH—to | * SPARE 2[ 2 o
it 5l o Yo
<
h aateD 22 DG—-RLY-DG1 /K58X h SPRING RETURN TO NORMAL 5 n
GOVERNOR CONTROL Q—H o SPARE
L\_/ 2 FIELD FLASH INTERRUPT <
10 SEC TDPU LH_Q EWD—47E-032
1 —RLY- ! | - E D 3
DG-RLY-DG1/S5X1  DG—RLY-DG1/K14B | DG-RLY-DG1/K59X DG—RLY-DG1/KS9F DG-RMS-DG1/S5A 5415 SPARE LEGEND:
[J | | F GOVERNOR CONTROL CONTACTS POSITION o [u] SHOWN ON THIS DRAWING
1T530 Rga Alls 3TDUS AN#] FIELD FLASH RATED IDLE | [ DECK HANDLE END =neo| oE WG 1 £ SPARE
' DG-DIO-DG1/CR17 ' DG-RLY-86/DG1 CONTACT 10/10C IS DUPLICATED ON EWD—47E-043
| e 8_| '_8 X o OH ' DG SPARE AND EWD-47E-047 (SHOWN ON EWD-47E-D47 FOR CIRCUIT CONTINUITY)
1
DG-RLY-DE1/K77 J
DG-RLY-DG1/K14B  DG-RLY-DG1/KI4  DG-RLY-DG1/SSX3 | ESCUTCHEON 18 y —47E— LM_Q EWD—47E-042 TIME DELAY RELAY SETPOINT IS NOMINAL. FOR TIME DELAY
' W i} 1 @ GOVERNOR CONTROL h oo L RELAY SETTINGS, SEE E514-30.
R43 i 2Tz i 2 VR SHUTDOWN FOR IDLE 5 5 SPARE
21 2 oo
| EWD-47E-042A 850 RPM l D6—DIO-DG1 /RIS | oH{—}o | * o =
¢ 2 LM_Q EWD—47E-030
| | S5 | - st —
S—4}o SPARE
| DG-RLY-DG1/K19  DG—RLY-DG1/K14A | MAINTAINED CONTACT =
Iy ipya
GLAN U L”—O SPARE
| EWD-47E-0424 m | = 5
DG-RLY-DG1/KE9F — oo SPARE
10
el D6-RS-0G1/55 = DG-POTR-DG1 /A9 DG-RMS-DG1/S5 2 £ P SPARE
F ! b (5] oieie ! comers FosiTox e T
2 HANDLE END o SPARE
| bomrLr-061/K REMOTEJ. I o1 /R 7| (oiGiTAL ReFERENCE | LOWER] NORM | RAISE 5 o
—RLY-| DG—RMS— - | - | UNIT) 1 17 2T 2|1 X J
— 11C > DG1/520 6 oo oHHof; M o I—,H'—O SPARE
| 6104 EWD-47E-042A Zuse ey ' 3 o7 ar T3] x SPARE L K
AL = ® ESCUTCHEON oy o SPARE
EWD-47E—0424 MT DG*R?\;{S*DGJ/SS/L " oo oHof; X SPARE .
2! 3 3 = SPRING RETURN TO NORMAL |_“'_Q SPARE
\ LOWER — \
| | DG-RMS—DG1/55/L 2 (*)> 1257 DC
i Sl
1l LT
RAISE WOv-3 |
MoV -1
1 A 1
ore 3 (WP)J- Vov-2 DG-RLY-DG1/K14A DG-RLY-DG1/K14B DG-RLY-DG1/K59F DG-RLY-DG1/K59X
1 CONTACTS DG, CONTACTS DWG CONTACTS| WS CONTACTS DWC,
! twp-476— : 1 1 2 | 2 | 2 L1 12
| EWD-47E-042 o—O—o o D—O—o o o—O—o o o
3 ® DG-RMS-DG1/PS | ] A B A B A 5 1
I M) ISOCHRONOUS TO oo o oo o O—¢ |0 | EWb-47E-032 oo SPARE
1 2c12 I\_ & DROOP SWITCHOVER ! T C C % 3
| UNIT DG-RLY-DG1/KTB | SPARE SPARE SPARE 3 o
EWD-47E-032A e
£ D £ D £ D w8 2
. . o4{to o o410 SPARE o—4}o SPARE £| 64410 SPARE
DG—E/5-D61/A7 1 >z4v . e 5 SPARE ra 5 o ) 5 SPARE £ & SPARE
VOLTAGE CONVERTER B
] GOVERNOR POWER SUPPLY DG-SE-DGI/MPUI [~ & ’ s SPARE D—HH |_QG SPARE D—HH '_QG o
1 125v DC 24v DC ENGINE NO DG-ENG—1A1 i 1
T " 4 Py |_“_&‘, SPARE L”_é SPARE |_”_é SPARE
- SIGNAL
29 29 R SELECTOR D—HL |_DK SPARE D—HL |_QK EWD—47E-032 D—HL |_QK SPARE
' | | 6 MOBULE '
7 (a1s) L“'_g o |_J,Fg EWD-47E-032 |_H_g, SPARE
| 5| De-Ss-DG1/MPUSIC |
9
D ' DG-SE-DG1/MPUZ — '
| ENGINE NO DG—ENG-1A2 10 |
| 1
29 12
' ] '
2 DG-RLY-DG1/K77 DG-RLY-DG1/SSX1 DG-RLY-DG1/SSX3 DG-RLY-DG1/KTB
| I 27 | CONTACTS DG, CONTACTS WG CONTACTS WG CONTACTS WG,
26 1 2 81 B4 81 B4 6 7
[ [ DG-RLY-DG1/SSX3 [ o o o o
— | NOTE 4 | 25 |
24 B4 81 S & | ewo-a7e-032 "y o | ewo-a7e-042 u o | ewo—476-002 2 3 SPARE
— DG-RNS-DG1/554 GOVERNOR CONTROL oo o o oo
' GOVERNOR ACTUATOR HIHIQ SPEED SWITCH AUX ' £ < SPARE ¢ RI SPARE £ RI SPARE £ : SPARE
HO- 142 HO- 1A1 RATED 850 RPM
EfPDSngS/DGWﬁ DG-RLY-DG1/55X1 é‘H |_8 SPARE MOZ_H 2 SPARE MOZ_H 2 SPARE 6_| |_g SPARE
It
1 1t 1 F R2 R2 5 E]
S13 S13T SPARE EWD—-47E—042 o D—‘ '—Q o
B4 B1
EWD-47E—003A
c GOVERNOR CONTROL i S M3 3 (5 T3 K] 0
— DG-ROY_DGT/KT4 SPEED SWITCH AUX oo SPARE o— o o— SPARE oo SPARE
' L Al 150 kP ' J SPARE by SPARE RS SPARE 2 SPARE
| 6 EWD—47E-042A
15 DG-RLY-DG1 /KT8 | 5 X SPARE PN 5 SPARE " g SPARE
' i b a]=[z]e]s[x]a]a] ‘ | O—r—H—OM D—Hl—ow Sy o
EE |_“_Q SPARE LM_Q SPARE |_”_Q SPARE
| 7 Y |
1 T DG-S5-DG1/A12
1 A L] SPEED SWITCH 1 REF DWG DESCRIPTION
NOTE 4 E537-158 CONN_WIRING DIAC_(E~CP—H13/P802
DG-CT-DG1/CT3 £543-0 CONN WIRING DIAG DG1 (E-CP-DG/RF1,
AN DG-SE-DG1/MPU1_AND DG-SE-DG1/MPUZ)
1 1 E543—. CONN_WIRING DIAG DG1 (E-TB—D1012 ANO E-TB—D1013
543 CONN_WIRING DIAC DG1_(E—CP—DG/EP1)
(NOTE 2) [[E543-2B—1 ELEMENTARY DIAGRAM ({DG1_AND DG2)
o | pesceonsia P g /e | (ot 5 [ESts—gis 5 T Do~ (00T 008
B ELECTRONIC ( ) )
GOVERNOR
SPEED x2 120v AT
CONTROLLER X1/x2 5> CONTINUED ON
1 EWD—47E-032 '
x1 PT CIRCUITS
(m 0 DG-SI-DG1/M2
. DE-RLY-DG1 /K10 SPEED INDICATOR .
] 2
ISOLATE ~ AIR START LOGIC
1 AND SHUTDOWN RESET 1 SAFETY RELATED
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° ’ ° ° ‘ ’ Amendment 58
mendment
ELEMENTARY NOTES: December 2005
EWD-47E-042 EWD-47E-042 CONTINUED FROM ZONE B/7-10 1. FOR GENERAL NOTES SEE EWD-47E-000.
A C
125V DC AT E-CP-DB/RP1 (E-DP-SI/IE CKT 2) 2. THE INFORMATION CONTAINED ON THIS EWD SUPERSEDES THE
() =) 1 INFORMATION OBTAINED FROM THE INDICATED REFERENCE DRAWING
DG-55-2A1 DG-RLY-DG1/K4
H &% DG-RLY=DGI/K3 DG-RLY-DG1/K26 ENGINE FAILURE 3. FOR RELAY AND SWITCH DEVELOPMENTS SEE EWD—47E—048A.
o o | ENGINE 3 T 7 P 70 START AUXILIARY
1 T 2 OVERSPEED e 1 4. THIS CONDUCTOR IS SHOWN ON MULTIPLE EWDS FOR CIRCUIT CONTINUITY.
EWD-47E-044 SEE APPROPRIATE CABLE SCHEDULE FOR ADDITIONAL EWDS.
DG-RLY—-94/DG1
1035 RPM DG-RLY-DG1/K4 / ENGINE FAILURE
' DO_SS_2A2 }L S S P TO START AUXILIARY '
(ssm) DG-RLY-DG1/K60A SHUTDOWN TRIP
SW-8 LY-DG1/KE0 OVERSPEED
o © P SHUTDOWN AUXILIARY DO-RESDG1/RS
— 00 — . ' LEGEND:
1035 RPM
| DG—RLY-DG1/K3 DG—RLY-DG1/K3 DG-RLY-DG1/K60 OVERSPEED | DG-RLY-DG1/K15A CONTACT 16/17 IS DUPLICATED ON EWD-47E-043
J | I b <iiumoonn DG-DIO-DG1/CRS AND EWD-47E-051 (SHOWN ON EWD-47E-051 FOR CIRCUIT CONTINUITY)
1 Bl AN S L2 TIME DELAY .« |
@ M 5 SEC TOPU TIME DELAY RELAY SETPOINT IS NOMINAL. FOR TIME DELAY
RELAY SETTINGS, SEE E514-30.
DG-RLY-30/1/DG1
DG-RLY-DGI/KE0A DG-RLY-DGI/KEOA  DG-DIO-DG1/CR23 DG-RLY-DG1/K60A  DG-RLY-DG 1/KBOA DG-SV-1A1 (LOS) OVERSPEED
1 I 1L > I 1L < 1
L OVERSPEED P SHUTDOWN SODLENOID
T 1T o T 1T b
G 13 2 NS SHUTDOWN TARGET s 7 DG-ENG—1A1
DCW-TS-11A2
(s258)
1 SW-18 DG-RLY-DGI/KEOA  DG-RLY-DG1/K60A DG-SV-1A2 (LOSA) OVERSPEED 1
| o o alx 2l @ SHUTDOWN SOLENOID |
? DG—ENG-1A2
1 DG-DIO-DG1/CRE 1
] DCW-TS—11A1 b
(s25) DG-RL
Sw-18 DG-DI0-DG1/CRY COOLANT HIGH
' o o » TEMPERATURE DG-RES-DG1/RE |
| c SHUTDOWN {19 |
DLO-PS-3A2
1 (S19A) DG-RLY-27DC/DG1 1
DG-RLY-DG1/K5 SW<28 ) DC POWER LOSS
——1— v v DG-RLY-86/DG1 P ALARM
F | pAK o7 D-RLY-86/0G1  DG-RLI-56/0C1 ENGINE SHUTDOWN c1 c2
' EWD-47E-042A Rz LAEE] 9 [ LockouT 1
DLO-PS—3A1 (0s31)
(S19), DG-RLY-30/2/DG1 s
SW-28) 10-DG1/CR10 DG-RLY=51V/DG1/1 ; P DC POWER ON
' »—GI‘D— LUBE OIL LOW EWD-47E-040 1
PRESSURE SHUTDOWN CTT T T T T T T o
O | | e ros_s25/061 E-CB-7/1 DO-RLY=-51VX/DC 1 OVERCURRENT
E DG—RLY-DG1/K15A } } /0G1/7 52a AUXILIARY —
]} ]} >
] EWD—47E-052 5 ——o 1 20— Sl STALEE ENGINE SHUTDOWN
1 DG_RLY_DG1/K15A DG_RLY_62/0G! DG-RLY-30/1/DG1 EWD—47E—042A | | a EWD—-46E-080 NORMAL POWER 1
R —RUYS OVERCURRENT L | EWD-47E-003A INTERLACK
17476 715 7 8 SHUTDDWN TARGET | —~ T T T T
EWD-47E-042A ToC DG-RLY=51V/DG1/2
! DG-RLY=30/2/DG 1 EWD-47E-040 \
DG-RLY=67/DG1 REVERSE POWER FTTTTTTTT T TTTT T T T T T 1
717 7 A SHUTDOWN TARGET | |
| EWD-47E-040 Loy 20 |
DG-RLY-30/2/0G1
DG-RLY-2759/0G1 ! | RLY—
E UNDER/OVER VOLTAGE r | DG-RLY-51VX/DG1 PE-RY-62/001 OVERCURRENT
71 9< >—'u> SHUTDOWN TARGET | b———mmmmmm e Iy _
EWD-47E-040 g AUXILIARY
X DG-RLY=51V/DG1/3 ENGINE SHUTDOWN X
DG-RLY-40/DG1 Ewp-47€-040 )
EWD-47E-040 T 3
re— | |
1 1
! DG-RLY=30/2/DG1 ——o 1 20— X
FIELD FAILURE } }
] SHUTDOWN TARGET e -
1 E-POS-525/0G1/7 1
] >
s3s71 1538
EWD-47E-003A
1 1
DG-RLY=64FX/DG1
| DG-RLY-64F/DG1 / FIELD GROUND |
D b DETECTION
1 el o 2 AUXILIARY 1
EWD—47E-032A
®
EWD-47E-042
EWD-47E-051
! (D; szz) LackouT !
>\W/{ CIRCUIT
2 ! AVAILABLE
- 1 DG-RLY-94/DG1  DG-RLY-94/DG1 1
< I ]}
| FARE] 31T |
DG-RMS-DG1/S18
1 (s18A) 1
]}
1T
DEPRESSED
(EMERGENCY STOP)
' DG-RMS-DG1/518 '
C (s18A)
11
1T
DEPRESSED
. (EMERGENCY STOP) .
DG’RM@%W*SL DG-RLY=30/1/DG1
| ; EMERGENCY STOP
1 I T 7 (MANUAL)
DEPRESSED N REF DWG DESCRIPTION
1 (LOCAL EMERGENCY STOP) 1
£557-158 CONN_WIRING DIAG (E-CP—H13/P802)
- DG-RLY-87/DG1 F543-2 CONN_WIRING DIAG DG1 (E-CP-DG/RP1)
EWD-47E-001 _ (NOTE 2) [ E543-2VB—2 ELEMENTARY DIAG (DG1_AND DG2)
1 ;’ 1 10 —} DG-RLY-30/1/DG1 1 (NOTE 2)| ES43-2VB—3 ELEMENTARY DIAG (DG1 AND DG2)
4 o (NOTE 2)| ES43-2VB—6 ELEMENTARY DIAG (DG1 AND DG2)
| ! ! GENERATOR (NOTE 2) [ E543-2vB~7 ELEVENTARY DIAG (DGI_AND DG2)
| I DIFFERENTIAL £543-3 CONN_WIRING DIAG DGI (E-TB-D1012 AND E-TB-D1013)
1 ! o— CURRENT 1 F543-5 CONN WIRING DIAG DGI (E-CP—DGI/EPT)
”””””””””””””””” SHUTDOWN TARGET
B
1 1
CONTINUED TO' ZONE H/4-7
DG1 Unit Protection Circuits
Columbia Generating Station
Final Safety Analysis Report
Draw. No. EWD-47E-048 Rev. 14 Figure 8.3-15
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Amendment 58
ELEMENTARY
—_— e — December 2005
EWD—47E-042 NOTES:
1 A 1
® 125V DC AT E-CP-DG/EP1 (E-DP-S1/1E CKT 2) 1. FOR GENERAL NOTES SEE EWD-47E-000.
DG-RLY-DG1/K1A DG-RLY-DG1/K12 DG-RLY-DG1/K23 DG—RLY-DG1/K23A DG-RLY-DG1/K24 DG-RLY-DG1/K27 DG—RLY-DG1/K27A
DLO-PS—6A1 CONTACTS DWG DWG CONTACTS DWG CONTACTS DWG CONTACTS DWG CONTACTS DWG 2. THE INFORMATION CONTAINED ON THIS EWD SUPERSEDES THE
H SW-1 INFORMATION OBTAINED FROM THE INDICATED REFERENCE DRAWING.
1 | 1 1 2 1 2 1 2 5 1 2 1 2 5 1 2 o 1 2 o 1 2 o
NC c 3. THIS CONDUCTOR IS SHOWN ON MULTIPLE EWDS FOR CIRCUIT CONTINUITY.
5 ~ 5 ~ 5 7 5 7 5 A 5 7 5 A 5 A SEE APPROPRIATE CABLE SCHEDULE FOR ADDITIONAL EWDS.
o+41Ho o410 SPARE o410 SPARE oo o+4Hho SPARE o+¢1ho SPARE o¢1ho SPARE o+¢1ho SPARE
! DLO-PS—3A !
| SW— 15?556) | LM_g LM_g SPARE % SPARE % % SPARE % EWD-47E-072 % SPARE % SPARE
DG-RLY-DG1/K56 LUBE OIL CIRC £ o £ 0 £ 0 13 0 13 0 13 0 13 D 13 D
DG-RLY-DG1/K59 SPARE SPARE SPARE SPARE SPARE SPARE
1 e PUMP FAILURE 1 o410 oo o—¢1Ho oo oo oo oo oo
— ERAYS X 2 DG-ENG-1AT AND . P F | Es43-5vA-1 F | Eses-svA-1 F | Ese3-svA-1 F | Ese3-5vA-1 F | Ese3-svA-1 F | Ese3-svA-1 F | Eses-sva-i
| L0 _Ps-a12 EWD7472E7042A 3 s8¢ T0PU DG_ENG-1A2 | ° ° (EWD LATER) ° (EWD LATER) ° (EWD LATER) ° (EWD LATER) ° (EWD LATER) ° (EWD LATER) ° (EWD LATER) LEGEND
- H H H H H H H H :
4 . SPARE o SPARE o+4HHo o410 SPARE o—+41Ho SPARE o—+¢1Ho SPARE o—¢1Ho SPARE
\ 3 NC \ o¢Hto oo o+
| | [—J/Fé % EWD-47E-080 % EWD-47E-080 % EWD-47E-080 % EWD-47E-080 % EWD-47E-080 % EWD-47E-080 % EWD-47E-080 o SHOWN ON THIS DRAWING
DLO-PS~-52 s g 5 g SPARE 5 g SPARE 5 s 5 s SPARE 5 s SPARE 5 s SPARE 5 s SPARE TIME DELAY RELAY SETPOINT IS NOMINAL. FOR TIME DELAY
1 | SW-1B) (5564) | o }_j o1 }_j o ﬁ o ﬁ o ﬁ o ﬁ o ﬁ o ﬁ RELAY SETTINGS, SEE E514-30.
/F ’e) /} o SPARE * ’e) SPARE /F ’e) /F Te) SPARE /F ’e) SPARE /F Te) SPARE /F Yo} SPARE VENDOR CONTACT DESIGNATED "NO”
G IS NORMALLY CLOSED AT SHELF STATE.
1 1
DG-RLY-DG1/K35
q 0—4 LUBE OIL LEVEL LOW
¢ NO 1 2 DG—-ENG—1A1 DG—-RLY-DG1/K28A DG-RLY-DG1/K34 DG—-RLY-DG1/K35 DG-RLY-DG1/K35A DG—-RLY-DG1/K36 DG-RLY-DG1/K36A DG—-RLY-DG1/K56
1 o 1 CONTACTS WG, WG, CONTACTS WG CONTACTS WG CONTACTS DG CONTACTS WG
| &2;{“ DG-RLY-DGI/K35A | | C 2 | C 2 o 1 C 2 1 C 2 o 1 C 2 o 1 C 2 o L L2 g
! ] ¢ No ! : 2 E%EiEEN%]:iEZVEL . ! 3 & 3 5 SPARE SPARE E 4 E 5 SPARE 3 4 SPARE 3 5 SPARE 3 5 SPARE
cmmime oo oo oo o—¢HFo oo oo
>
| Low S . . | I_M_é LM_S SPARE EWD-47E-074 % % SPARE % SPARE % SPARE 3 % EWD-47E-078
—PS=. DG-RLY-DG1/K1 3
SW-28}
1 Y (S6) LUBE OIL PRESSURE LOW ! 5 3 5 5 SPARE SPARE 5 2 5 2 SPARE 5 2 SPARE 5 2 SPARE el 8 3 SPARE
EWD-47E-048 102—4 DG_ENG- 1A1 o—<41Ho o410 o—+¢1Ho o—+¢1Ho o—+¢1Ho o—+¢1Ho Z| o¢dto
F F | Esas-sva-1 E543-5VA-1 F | Eses-svA-1 F | Eses-svA-1 F | Eses-svA-1 F | Es4s-sva-1 4 | Es43-5vA-1
(EWD LATER) (EWD LATER) (EWD LATER) (EWD LATER) (EWD_LATER) (EWD LATER) (EWD LATER)
F \ DLO-PS_282 \ H G H G H G H G H G H G
e Szaz‘ o DG-RLY-DG1/K1A o440 o410 SPARE SPARE oo o410 SPARE o410 SPARE oo SPARE
(564) LUBE OIL PRESSURE LOW - . < S S S
SHR T 2 P DG-ENG-1A2 % % EWD-47E-080 EWD-47E-080 % EWD-47E-080 % EWD-47E-080 % EWD-47E-080 % EWD-47E~080
! ! 5 5 5 5 SPARE SPARE 5 5 5 5 SPARE 5 5 SPARE 5 s SPARE
o410 o—+¢1Ho o—+¢1Ho o—+¢1Ho o—+¢1Ho o—+¢1Ho
DO-PS=4A1 DG-RLY-DG1/K36 W M N y S S
SW-28) (s30) FUEL OIL PRESSURE LOW SPARE SPARE SPARE SPARE SPARE
' oTo T 2 DG-ENG-1A1 '
| S=AR2 DG-RLY-DG1/K36A |
I SW—28B } (s308) FUEL OIL PRESSURE LOW ] DCW—LS-10A2 (s284) DLO-LS—-1A1  (s29) (s31) DO-LS-12A (s23)
| 1 2 DG-ENG-1A2 | CONTACTS DWG DWG DWG CONTACTS DWG
NO NO
. ° SPARE SPARE o . o o
! Do—(ég; 2A pG-RU-DGIK2e [ ! OF OF’
o PARE PARE
E ¢—oO DAY TANK LEVEL LOW Ne 0 S Ne S
NO 3 ! 2 DO-TK-3A
1 1
Low
DO-LS-11A DG—RLY-DG1/K34 DO-DPS—12A2 (s34p) DO-DPS-13A1 (s34) DO-DPS—13A2 (s34A)
(531) FUEL oI SW]_CONTACTS WG CONTACTS WG SW]_CoNTACTS
¢—o0 DAY TANK LEVEL HIGH - S ——
! No ¢ ! 2 DO-TK-3A ! N ( N2 7 oarE ) ( N
L,J 18 L,JJ ( PRy ( speee ) 18 Q_,J ( sPaRE )
HIGH ) | é ) — ) — | t L /
|
—] DE-PS—1A1 DG-RLY-DG1/K23 o I ofo SPARE SPARE miC oy 0
1 (322)0 HIGH CRANKCASE PRESSURE 1 = [( = N, I Ei
9 ( ) ® Do-ENG-1A1 R R I
| CT LT ! ? | o! o #) ol o ( (o) KZA o} oY (
1 DEESPZSZ,A;AZ 3G-RLY_DG1/K23A 1 rl—o ZB%‘\ rl—o )| e g e ( zai; rl—c )
HIGH CRANKCASE PRESSURE — — —
q o { —¢
| 4‘@ ) T 2 DG-ENG-1A2 |
-PS— 220 -PS— 5 -PS— 2 -PS— 56 -PS— S6A -PS— -PS—
D ! ! DE-PS—1A2 (s224) DLO-PS-2A1 (s6) DLO-PS—-2A2 (s6A) DLO-PS—5A1 (s56) DLO-PS—5A2 (s564) DLO-PS—6A1 DLO-PS—-6A2
DOW-LS—10A1 _RLY- ONTACT: W W W] CONTA DV W] CONTA DV W] CONTACT: oW W] CONTACT: oW
DG-RLY-DG1/K27 CONTACTS c c SW]_ CONTACTS 9 S CONTACTS _ c SW]_CONTACTS G SW]_CONTACTS G
- Q—‘ oo N -\\ SPARE IS N N e o) e[ ( Sgy o SPARE o SPARE
| T 1 2 DCOW-TK—1A1 1 ¢ o ) Mt ) t \ { \ t i \ 1€ ° P ©
| I/ ) )
| Low | Ohc SPARE ( spare ) miC o, 0O ( SPRE ) ( o, 0 \SPARE) A[( o | o \SPARE) } A =] } A =]
DCW(SLZZXJOAZ DG-RLY-DG1/K27A ) RIS Ei g ( RS Ei [ no I Mo
! WATER LEVEL LOW ! SPARE 2A 1 EWD-47E-068 24 1 EWD-47E-069 ! SPARE ! SPARE
R O g i i ( (ot 3r (o ot o RE IRE
( o) | (s ot ) { oo { oo o} OIO
o ) o ,) EEIN S ) ( X o SPARE K 28[% T ) SPARE de SPARE de SPARE
! DSA-PS-5A DG-RLY-DG1/K12 !
(s47) STARTING AIR RECEIVER 1 AND 2
¢ I Ne N2 PRESSURE Lon DLO-PS—4A2 (s308) (s47) DSA-PS—BA (s74)
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FOR GENERAL NOTES SEE EWD-47E-000.

THE INFORMATION CONTAINED ON THIS EWD SUPERSEDES THE
INFORMATION OBTAINED FROM THE INDICATED REFERENCE DRAWING.

FOR RELAY AND SWITCH DEVELOPMENTS SEE EWD-47E-033A.

CURRENT BOOST TRANSFORMERS SECONDARY WINDINGS ARE PART OF
DG-CT-DG2/SCPT/A, B AND C. (REFERENCE EWD-47E-0338 FOR
COMPLETE TRANSFORMER CONFIGURATION.)

TO AVOID SLIP RING PITTING ON CABLE 2DG2-13, ITS LEADS TO THE
GENERATOR FIELD EXCITATION AT TERMINALS TBZ1-1 AND TBZ1-2 ARE
PERIODICALLY REVERSED (IN ACCORDANCE WITH PPM 7.4.B.1.1.2.16).
SEE EWD-47E-033B (ZONE G/8).

DG-RLY-DG2/VRTA AND DG-RLY-DG2/VR2A SET AT BO% OF NOMINAL
VOLTAGE.

TERMINATION LOCATED ON CIRCUIT BOARD

RELAY CONTACTS SHOWN IN THE SHUTDOWN POSITION

CONTROL POWER SUPPLY MAY BE EITHER CIRCUIT 2 (NORMAL)
OR CIRCUIT 6 (EMERGENCY) DEPENDING ON POSITION OF
FIRE TRANSFER SWITCH DG-RMS-DG2/FTS568

DG2 Excitation System

10 9 8 6 4 3 |
ELEMENTARY
L) 125V DC AT E-CP-DG/REP2 (E-DP-S1/2E CKT 3) EWD-47E-054 EWD-47E-054
DG1-4160V AC 33 NOTES:
_RMS— 1
h r DC-RMS—DC2/64FR AT E-CP-DG2/REP2 O O
H DG-RLY-DG2/FF IR
| g i ICIAEA B-RLY~645/062 AUTO MANUAL CONTROL AND (+) 125V DC AT E-CP-DG/EP2 (E-DP-51/2E CKT 2)
DG-RES-DG2/FFR INST GND BUS 147 8ol BRIDGE DPERATOR CONTROL o« @B @
RLY- LY~ 2.
h 1.6 OHM 5.5KW 1L N DG-RLY-DG2/K20 72-04503-710 DG-RLY-DG2/K6  DG-RIY-0G2/K13 h
; O ; A 1 1 AlE WA tT
¥ 0G-DI0-DG2/CRT | T\ /3! cwo- e Sosan £3 F2 F 00 (1)
O R 0.5A 0.54 0.58 EWD-47E-D54A EWD—47E-054A EMERGENCY 3
2 SHUTDOWN
h DG-DIO-DG2/CRB - DG-RLY-DG2/K77  DG-RLY-DG2/K14B 1 4
| Iys
}e 15A 2X | Allg L |
— DG-RES-DG2/SHUNT(DCS) GENERATOR FIELD f——tos W W2 } EWD-47E-058 EWD-47E-058
h 1 e | DG-PT-DC2/2. DG-PT-DC2/1 | DG-RLY-DG2/KI0  DG-RLY-DG2/K14B ! 5.
2004 ! Xt xz X1 oxz SR A rg ralim SHuTDOWN
2 DIV AT p1x | B4IC
(FOR AMMETER) T4 R1 ! i EWD-47E-058 REsE
= A EWD-47E-058
— 1
| axs
6.
O GOVERNOR
conTRoL ! DG-RLY-DG2/LR
G ' EWD-47E-058 | N 1
i AS P A3
| o ! o D | LEGEND:
DG-RLY-DG2/LR SHUTDOWN
LED 1 550 ous DG-RLY— W /! '
' D 2w DG2/VR1A 34007, [EY) @
J—
oci 7 DG-RLY-DG2/FF |
DG-RLY-DG2/VRX2  DG-RLY-DGZ/VRX1 DG-RLY-DG2/SDR/K1 | DG-RLY-DG2/K59F
| ) (T 5 o s /5t / et :
1 (o IN4726 IN4726 OB IN_SY R4 104Tg 1611 162 EwofﬂEEfDSﬁ FLASHING
— I CIreurr I cIrourr DG-RLY-DG2/VR1A
DIODE OR SCR DIODE OR SCR CR3 DG—RLY-DG2/VRX1 o~
-~ 11 1L 1
| 5\_/6 ELAE] 8l Ts
DG-RLY-DGZ/VRZA
SCR2 DG—RLY-DG2/VRX2 A
B 1|
1
' 50 oms P 530 onws 39 onms  LED 3 53p [ ot 5\ st
1/2w _LED /20 /20 _LED /: |
LED
F 5K 0 01 DG-RMS-DG2/VRS
26W | |
} g VOLTAGE
(, IN4726 (, IN4726 MANUAL REGULATION
7 cIRoulT 7 CIreulT
DIODE OR SCR DIODE OR SCR CRS DG-RNS-DGZ/VRS MODE h
! - 21190
: AUTO
I AUTOMATIC VOLTAGE REGULATOR
! e ol 7205000~ 100 '
L0655 omus 39 oums  LED S 330 onms 1 o6
LED 1/2W /2 _LED 1/2W
| 5K - 5K 01 '
25W D UNIT
1 DG-CT-DG2/11778 PARALLEL |
(. IN4726 (. IN4726 2 &
J™ circurm J™ cirourm — 15 —RM5— DG-POTR-D0G2/VR /AUTO |
1 DIODE OR SCR DIODE OR SCR oY DG-RMS-DG2/P5 (MO f)/ / D6-RLY-DG2/K76
E T Il M)
i s 121173 N/ 2
b DG-POTR ENERGIZE
v serurocois Do Do2 VR /AT AT VOLTAGE OUTPUT aromsrc !
! | 1 < 4100V VOLTAGE |
4 Iy x
| 1 DG-CT-DG2/SCPT/A 45 2" DG-POTR-DG2/VR/AUTO ;EEQﬁK
P 7 T Vy R2 END-47E-054A | 2% (MOP-1) DG-RLY-D02/K75 !
BRIDGE DG-CT-DG2/SCPT/B T2 T
TRANSFER (NOTE 4) > T OH N2
swireH ENERGIZE '
| } 0G-CT-DG2/SCPT/C o AT VOLTAGE OUTPUT
1 \ 2 T > 4220v
| ox
I 1
' L
| T8 cRY +o X |
D e 1
! - 0G-RLY-DG2/K76 DG-RLY-DG2/K75
0 Al F T |
ne DG-POTR-062/VR/AUTO oE
(MOP-1) ]
' 012 DG-RMS-DG2/S4L  DG-RMS—-DG2/S4L
1L L
| 21h 1Tg 1 |
omn | AuTO N
1 G-RMS—-DG2/S4L | 6 REGULATOR
— 0 B2 ! GONTROL
DG-RMS-DG2/54L I KN
o0c2 t = {
. scra ) | MANUAL VOLTAGE REGULATOR 7 7 H
B 00
330 OHMS LED 9 330 onms LY - RLY-
| /20 1w DG-RLY-DG2/K75 DG-RLY-DG2/K76 |
5K LED B1TA £ D ]
! 25w
DG-RMS-DG2/54L DG-RMS-DG2/S4L |
C (, IN4726 (, IN4726 L L
. CIRCUIT T CIReUIT B e 7J_ 1
DIODE OR SCR CO0-1033 DIDDE OR SCR DG*RMS*DGZ/SZO
CR11 4 228 114 LOCAL
¥ le DG-RLY-DG2/1 ¢ DG-RLY-DG2/1 ¢ DG-RLY-DG2/1 EWD-47E-054A
A~ EWD-47E-054A _7f EWD-47E-054A 7 EWD-47E-054A
3 227 13 7 .
1 on DG-RMS—DG2/54 DG-RMS-DG2/S4 J_ DG-RMS-DG2,/520
REMOTE EWD—47E—054A EWD-47E-054A
41147 i 8
SCRS
_ 1
1 D12 0 e = oms LD 11 130 omes 1 0o DG-RMS-DG2/54 DG-RHS-D02/54
LD 1/2W 1/20 _LED 1/2W DG-POTR-062/VR/MAN 31 71l g "
- L po-rus-
0 02 (MOP-2)
i 3T Do2/SéA f
1 I 15 DG-RMS-DG2/S4A
(, IN4726 (, IN4726 | e |
| CIReUT T4 Cireur o Do-ms— (eanogy Do/
DIOBE OR SCR £D-1033 DIODE OR SCR | 14 T DGz/s4A I
| T 5 r
B GRI3 ] | |
+ | T
16
| 0 A3 | ! N MANUAL
' i ! 61— ReEGULATOR 1
O C2M | CONTROL.
| DG-RMS—DGZ/S4A ! NN |
| SCR6 L / |y | !
T als =4 1
| LD 530 ouns 39 Ohus  LED 13350 ouys [ o [ L - !
LED 1/2W 1/2W LED /2W
| 5K LED 5K DLED or2 - FSAR
250 o (20 < N N S SAFETY RELATED
1
(, IN4726 (, IN4726 !
7™ clreurm ™ clreurm
DIODE OR SCR CD-1033 DIODE OR SCR
A
Columbia Generating Station
Final Safety Analysis Report

Draw. No. EWD-47E-033 Rev. 8 Figure 8.3-17

Form No. 960690ai




8 7 A d 58
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ELEMENTARY D b 2005
N NOTES: ecember
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Note: The mini-duct is used to route cables of one division
through a main-duct assigned to a redundant division.
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Appendix 8A
STATION BLACKOUT

8A.1 INTRODUCTION

The complete loss of ac electrical power to the essential and nonessential switchgear buses is
referred to as “station blackout” (SBO). It does not include the loss of ac power as supplied
by the station batteries through inverter or the loss of ac power that is available from an
“alternate ac” source as defined below. Station blackout also does not assume a concurrent
single failure or a design basis accident (10 CFR 50.2 and Reference 8A-1, Appendix A).

NUREG-0933 states that SBO was resolved on a generic basis by publication of the station
blackout rule (10 CFR 50.63) and Regulatory Guide 1.155. The regulatory guide provides
guidance acceptable to the Staff for use of NUMARC 87-00 to satisfy the requirements of
50.63 (Reference 8A-1, Appendix K). The regulatory guide shows that NUMARC 87-00
provides guidance for meeting all aspects of the rule with the exception of the quality assurance
requirements to be applied to SBO response equipment that is not safety-related and the
potential need for changes to the Technical Specifications (Reference 8A-1, Appendix I,
Q/A1).

Contained within NUMARC 87-00 are five initiatives approved by the NUMARC Board of
Directors to address the more important contributors to SBO risk. The initiatives are

a. Initiative 1A - Risk Reduction
Each utility will review their site(s) against the criteria specified in the revised
draft SBO Regulatory Guide, and if the site(s) fall into the category of an 8-hr
or 16-hr site after utilizing all power sources available, the utility will take
actions to reduce the site(s) contribution to the overall risk of station blackout.
Nonhardware changes will be made within 1 year. Hardware changes will be
made within a reasonable time thereafter.

b. Initiative 2 - Procedures
Each utility will implement procedures at each of its site(s) for

1. Coping with a station blackout,

2. Restoration of ac power following a station blackout event, and
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3. Preparing the plant for severe weather conditions (e.g., hurricanes) to
reduce the likelihood and consequences of a loss of offsite power and to
reduce the overall risk of a station blackout event.

Initiative 3 - Cold Starts

Each utility will, if applicable, reduce or eliminate cold fast-starts of emergency
diesel generators for testing through changes to technical specifications or other
appropriate means.

Initiative 4 - Alternating Current Power Availability

Each utility will monitor emergency ac power unavailability, utilizing data
provided to INPO on a regular basis.

Initiative SA - Coping Assessment/Emergency Diesel Generator (EDG)
Performance

Each utility will assess the ability of its plant(s) to cope with a station blackout.
Plants utilizing alternate ac power for station blackout response which can be
shown by test to be available to power the shutdown buses within 10 minutes of
the onset of station blackout do not need to perform any coping assessment.
Remaining alternate ac plants will assess their ability to cope for 1 hr. Plants
not utilizing an alternate ac source will assess their ability to cope for 4 hr.
Factors identified which prevent demonstrating the capability to cope for the
appropriate duration will be addressed through hardware and/or procedural
changes so that successful demonstration is possible.

As part of the coping assessment, utilities are required to choose an EDG target
reliability (0.95 or 0.975) and are required to maintain that chosen reliability.
Accordingly, each utility will employ the following exceedance trigger values
(on a plant unit basis) as the mechanism for monitoring EDG target reliability
and to support closure of Generic Issues B-56.

Selected EDG Failures in Failures in Failures in
Target Reliability 20 Demands 50 Demands 100 Demands
0.95 3 5 8
0.975 3 4 5

Additionally, each utility, in response to an individual EDG experiencing four
or more failures in the last 25 demands, will demonstrate restored EDG
performance by conducting seven consecutive failure free start and load-run
tests. This form of accelerated testing shall be conducted at a frequency of no
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less than 24 hr and of no more than 7 days between each demand. Each utility
will, if applicable, address this reduction in accelerated testing through changes
to Technical Specifications or other appropriate means.

Columbia Generating Station implementation of these initiatives is discussed in Section 8A.2.

The SBO rule requires that a SBO coping period be established through appropriate coping
analysis. It is required that during the established SBO coping period core cooling and
containment integrity are maintained [10 CFR 50.63(a)(2)].

The discussion in Section 8A.2 shows Columbia Generating Station to be in compliance to the
SBO rule by comparison with the requirements of NUMARC 87-00. Additional discussions
relative to station blackout quality assurance and Technical Specifications are provided in
Sections 8A.2.6 and 8A.2.7.

Two approaches are available to licensees for compliance to the SBO rule. They are use of

Alternate ac. This is a power source that is (1) connectable to but not normally
connected to the offsite or onsite emergency ac power systems, (2) has minimum
potential for common-mode failure with offsite power or the onsite emergency ac
power sources, (3) is available in a timely manner after the onset of SBO, and (4) has
sufficient capacity and reliability for operation of all systems required for coping with
SBO and for the time required to bring and maintain the plant in safe shutdown (non-
design-basis accident) (10 CFR 50.2 and Reference 8A-1, Appendix A).

Columbia Generating Station, along with some other BWRs, proposed the use of the
high-pressure core spray (HPCS) diesel generator as alternate ac (Reference 8A-2) as
this third diesel generator is in excess of the number required to meet the minimum
redundancy requirements (i.e., single failure for safe shutdown) (Reference 8A-1,
Appendix I, Q/A 105). While HPCS could provide decay heat removal during an SBO,
it could not provide power to an emergency bus. Therefore, it was proposed that
coping analyses would also be performed to address instrumentation, battery capacities,
air supply, and loss of heating, ventilating, and air conditioning (HVAC). This
approach has been found to be acceptable to the NRC although they disagreed that the
HPCS diesel generator should be classified as alternate ac (Reference 8A-3).

ac-Independent. For this approach the plant relies on available process steam, dc
power, and compressed air to operate equipment necessary to achieve safe shutdown
conditions until offsite or emergency ac power is restored (Reference 8A-1).

The RCIC system is considered the backup to HPCS during SBO. Columbia
Generating Station's coping analysis includes battery voltage profiles for both the
125 V dc and 250 V dc batteries that provide power to RCIC system equipment. These
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battery profiles assume that RCIC is providing sole mitigation for the SBO event.
Although the RCIC system is not credited for SBO event mitigation, it is the preferred
SBO mitigation system and will be maintained available to respond to an SBO event.
(Reference 8A-16).

RCIC uses reactor steam and dc power to operate during SBO. The system's keepfill
pump, RCIC-P-3, is ac powered and assumed unavailable. Upon loss of keepfill, the
system experiences a gradual decay in pressure while in the standby mode. The RCIC
system remains available for use until the low pressure alarm of RCIC-PIS-34, which
alerts the operator to the loss of margin to void formation in the discharge header.

8A.2 EVALUATION TO NUMARC 87-00

Chapters 3 through 7 of NUMARC 87-00 contain guidance which, if implemented, would
serve to satisfy the five NUMARC SBO initiatives and obtain compliance with the SBO rule,
with the exception of quality assurance and Technical Specifications considerations. The
following sections address the content of these chapters.

8A.2.1 REQUIRED COPING DURATION

Using the data listed in Table 8A-1 and the methodology provided in Chapter 3 of NUMARC
87-00, the coping period for Columbia Generating Station was determined to be 4 hr.

8A.2.2 RESPONSE PROCEDURES

NUMARC 87-00 required procedure changes to deal with

a.

SBO response. Changes in this category included; requiring priority efforts to
restore ac power with site specific instructions on how this is to be
accomplished, providing for core cooling and containment isolation, dealing
with the loss of HVAC (e.g., the opening of control room cabinet doors), and
the need to strip battery loads if necessary to conserve dc power.

Alternating current power restoration. These changes provided guidance to
operations and the load dispatcher concerning the course of actions to be taken
to restore ac power.

Severe weather guidelines. These changes provided guidance for operators to
determine the proper course of action due to the onset of severe weather; in
particular hurricanes.

The Columbia Generating Station SBO emergency response procedure provides guidance for
responding to an SBO including specific instructions for (1) providing for core cooling if
HPCS and/or reactor core isolation cooling (RCIC) are available, (2) dealing with the loss of
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A A

HVAC (e.g., the opening of control room cabinet doors and actions to prevent RCIC isolation
on high temperature), (3) notifying BPA to give priority to restoration of power to Columbia
Generating Station, and (4) checking closed containment isolation valves that might have been
open prior to the onset of the SBO. | For Columbia Generating Station response to the SBO
rule, only the B1-1 and B1-2 batteries are required. As there is no need to provide for load
stripping of these batteries, | this is not provided for in the SBO procedure (Reference 8A-1,
Appendix I, Q/A 77).

In addition to the instructions in the SBO response procedure for giving priority to restoration
of power to Columbia Generating Station, the loss of all offsite power procedure was revised
to provide this guidance|and the BPA System Restoration Plan was revised to identify the need
for prompt restoration of offsite power to Columbia Generating Station and the actions to be
taken to achieve this.

As Columbia Generating Station was not evaluated for a hurricane during initial plant licensing
and as no credit was taken for hurricane procedures in the coping analysis, no procedure
changes were required to deal with the threat of hurricanes (Reference 8A-1, Appendix I,
Q/As 12 and 52). In Reference 8A-4 Energy Northwest proposed to the NRC that with the
Columbia Generating Station site having a very low risk for tornadoes, no special site
inspections for potential missiles were necessary. Also, it was explained that restoration of
important plant systems and components did not require special procedures with the exception
of tornado damage to the ultimate heat sink spray ponds which was covered by existing
procedures.

8A.2.3 COLD STARTS

This requires that each plant ensure that emergency diesel generator tests are performed in a
prewarmed and prelubed condition except during the Technical Specifications demand test
required approximately once each scheduled refueling outage unless the emergency diesel
generator is normally prewarmed and prelubed.

No action was required for this item as the Columbia Generating Station diesels have prewarm
(see Section 9.5.5.2) and prelube (see Section 9.5.7.2) systems that are normally in operation.

8A.2.4 EMERGENCY ALTERNATING CURRENT POWER AVAILABILITY

This item implements NUMARC SBO Initiative 4 which requires monitoring of plant
emergency generator unavailability. Appendix D of the NUMARC document provides a
suggested diesel generator reliability program.

In Reference 8A-5 Energy Northwest stated that procedures had been revised to implement

Appendix D of NUMARC 87-00 and the five elements listed in Regulatory Guide 1.155,
Position 2.
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8A.2.5 COPING WITH A STATION BLACKOUT EVENT

Chapter 7 of NUMARC 87-00 provides a simplified assessment procedure for establishing the
ability to cope with an SBO. There are five steps to the procedure, addressing the following
topics:

Condensate inventory for decay heat removal,
Assessing the Class 1E battery capacity,
Compressed air,

Effects of loss of ventilation, and
Containment isolation.

opo o

8A.2.5.1 Condensate Inventory

The required condensate is to be determined from
B = A*(X gal/ MWt) + C + RCS leakage
Where:
A = licensed output - MWt,
X = 22.12 for a 4-hr coping period, and

C = amount of water to support cooldown if cooldown is required to limit pump seal
leakage or to maintain decay heat removal - gallons.

The reactor coolant system (RCS) leakage term is the coping period inventory loss due to

(1) an assumed pump seal failure leakage term of 25 gpm/pump (later changed by the NRC to
18 gpm/pump for BWRs, Reference 8A-1, Appendix J, Q/A 2.1), and (2) the maximum
allowable Technical Specifications RCS leakage. For Columbia Generating Station, A is
3544 MWt and C is 31,568 gal resulting in a required inventory of 109,962 gal.

Reference 8A-6 discusses the administrative controls and plant feature that proved assurance
that this quantity of water will be available in the condensate storage tanks (CST) (the
Technical Specifications do not control CST quantity while in Mode 1).

8A.2.5.2 Class 1E Battery Capacity

The B1-1 and B1-2 125-V batteries have adequate capacity for a 4-hr SBO coping period
without load shedding (Reference 8A-4 through 8A-7). The battery load calculations assume
an electrolyte temperature of 74°F. | This was found to be acceptable to the NRC by

Reference 8A-8 provided that administrative controls are in place to ensure that this value
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would be the lowest temperature anticipated during normal operating conditions as required by
Reference 8A-1, Section 7.2.2. The supplemental SER (SSER) (Reference 8A-8) did require
the revisions to the calculations to account for changes to inverter efficiency and load currents.

The calculations have been revised.

The B2-1 battery is not required for compliance to the SBO rule (Reference 8A-5).

8A.2.5.3 Compressed Air

Compressed air is addressed to ensure that air operated valves required for decay heat removal
have sufficient reserve air or can be manually operated under station blackout conditions for
the established coping duration.

In Reference 8A-4 Energy Northwest stated that (1) no air-operated valves are relied on to
cope with an SBO of 4 hr, and (2) the safety/relief valves (SRVs), which together with the
HPCS provide for decay heat transfer to the suppression pool, have an adequate nitrogen
supply for 4 hr of SRV operation.

8A.2.5.4 Effects of Loss of Ventilation

To address the impact of a loss of ventilation during the SBO, the 4-hr (final) steady-state
temperatures are determined for dominant areas of concern (DAC). Dominant areas of
concern are those that (1) contain equipment that is needed to function early in an SBO (within
1 hr) to remove decay heat, (2) have significant heat generation sources after ac power is lost,
relative to the free air volume of the room, and (3) unless the operator takes action, the
capability to remove heat is lost during an SBO (Reference 8A-1, Appendix I, Q/A 4).

With the SBO temperatures determined, reasonable assurance of operability (RAO) of SBO
coping equipment located in the areas is then established per the requirements of NUMARC
87-00, Appendix F.

For the Columbia Generating Station SBO response, the dominant areas of concern are (1) the
control room, and (2) primary containment.

The SBO temperature for switchgear room 2 was determined as it contains breakers required
for the restoration of ac power; its major heat source is inverter IN-5 which is not required for
compliance to the SBO rule. A primary containment thermal hydraulic analysis was performed
to determine the SBO drywell and wetwell temperatures.

The steam tunnel was also analyzed for SBO although it was found to not contain SBO coping
equipment (References 8A-5, 8A-9, and 8A-10). The following rooms contain SBO coping
equipment but maintain ventilation during a SBO and thus do not need to be evaluated as
dominant areas of concern (Reference 8A-1, Section 7.1.2): (1) HPCS pump room, (2) HPCS
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diesel/electrical equipment room, and (3) service water pump house A. The HVAC
calculations for these rooms were reviewed to confirm RAO of SBO equipment located in these
areas although this is not a requirement of the SBO rule (Reference 8A-1, Appendix I,

Q/A 137).

The SBO final temperatures for the rooms listed below were derived from calculations based
on selected initial temperatures as appropriate:

Final Initial

Room (°F) (°F) Doors
SW pump house A 113 N/A Closed
HPCS diesel/equipment room 104 N/A Closed
HPCS pump room 123 N/A Closed
RPS-1 room (IN-3A and 3B) 127 104 Closed
RPS-2 room (IN-2A and 2B) 119 104 Closed
Switchgear room 2 113 104 Closed
Control room 119.7 78 Closed
Steam tunnel 193 140 Closed
Drywell 229 135 N/A
Wetwell air 179 150 N/A
Wetwell water 209 90 N/A

In Reference 8A-5 the use of the initial temperatures of 78°F for the control room was justified
based on the addition of administrative controls to ensure that the room temperature would not
be exceeded or corrective action would be taken to restore them. This was accepted by the
NRC in Reference 8A-8.

The HPCS diesel/equipment and HPCS pump rooms and SW pump house A are not considered
as dominant areas of concern as ventilation is maintained during an SBO. For the remaining
areas RAO has been established for the SBO coping equipment located in these rooms. For
those areas with a temperature of less than or equal to 120°F, RAO can be assumed without
further analysis (Reference 8A-1, Appendix J, Q/A 2.2). The SBO coping equipment located
in other areas was previously designated as safety-related for non-SBO considerations for
which the environmental qualification requirements of 50.49 establish RAO.

8A.2.5.5 Containment Isolation

Containment isolation valves must be reviewed to ensure that appropriate containment integrity
can be provided during an SBO should core damage become imminent (Reference 8A-1,
Appendix I, Q/A 102).
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Valves that do not need to be considered for SBO closure considerations are those that meet
one of the following criteria:

a. Valves normally locked closed during operation,
b. Valves that fail closed on loss of ac power,
C. Valves in nonradioactive closed loop systems not expected to be breached in a

SBO (with the exception of lines that communicate directly with the
containment atmosphere), or

d. All valves less than 3 in. nominal diameter.

In addition, as the objective is to protect the penetration and additional single failures do not
need to be applied for SBO coping, valves that have an in-series valve that satisfies one of the
above criteria can also be excluded (Reference 8A-1, Appendix I, Q/A 101).

In References 8A-5 and 8A-9 Energy Northwest proposed to add the following exclusion
criteria:

a. Valves for which interlocks exist that prevent opening of one or both in-series
valves during power operation;

b. Valves that are associated with containment penetrations that use single isolation
valves and satisfy General Design Criterion 56 by taking credit for the closed
loop system outside containment as a second isolation barrier. This is often the
case for those lines for which the suppression pool serves as a loop seal; and

C. Valves that are procedurally controlled to be closed during normal power
operation. It is acceptable for such valves to be opened to support surveillance
testing. However, exclusion of valves associated with more frequent operation,
e.g., suppression pool cooling, is not appropriate.

These exclusion criteria were found acceptable by the Staff in Reference 8A-8.

The result of this evaluation is provided in Table 6.2-16. The SBO emergency response
procedure has been revised to provide guidance for closure of those valves that were not
excluded by this evaluation. For these valves it has been confirmed that (1) position indication
is provided (by means other than observation of the stem position), (2) local manual closure
capability exists, and (3) access would be available during an SBO. This confirmation was
also made for those valves that were excluded by the fact that they are procedurally controlled
to be closed during normal operation.
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8A.2.6 QUALITY ASSURANCE CONSIDERATIONS

Regulatory Guide 1.155, Section 3.5, requires that the quality assurance requirements of
Appendixes A and B of the guide be applied to that non-safety-related equipment used to meet
the requirements of the SBO rule that are not already covered by existing quality assurance
requirements of 10 CFR 50 Appendixes B or R.

In Reference 8A-5 Energy Northwest stated that SBO instrumentation coping equipment that is
identified as QC II+ and is also required by Regulatory Guide 1.97 conforms to the quality
assurance requirements of Regulatory Guide 1.97 for Category 2 equipment. As such, any
additional quality assurance requirements of Regulatory Guide 1.155 are not applied to the
equipment. Also, the reference explains that with the exception of the CST, SBO quality
assurance is not applied to passive equipment (e.g., piping and structural supports). Other
SBO coping equipment will conform to the requirements of Appendix R or Regulatory

Guide 1.155.

These positions were accepted by the NRC in the SSER (Reference 8A-8); however
Reference 8 A-10 was submitted to the NRC to correct the words in the SSER relative to the
quality assurance provided for passive equipment.

Reference 8A-5 also explained that SBO coping equipment has been identified as that
equipment required to cope with an SBO and that failure of other equipment during an SBO
was not postulated simply because it had not been assigned safety-related or SBO quality
assurance requirements.

In Reference 8A-7 Energy Northwest stated that with regard to SBO recovery (not coping)
equipment, SBO quality assurance requirements would only apply to SBO recovery equipment
that is not in service during normal operation

8A.2.7 TECHNICAL SPECIFICATIONS CONSIDERATIONS

The basis for the Columbia Generating Station response to the SBO rule is use of HPCS which
is safety related and already adequately covered in the Technical Specifications. No SBO
Technical Specifications changes are required for Columbia Generating Station. Use of HPCS
for SBO coping does not place any additional design or operating considerations on the HPCS
system.

8A.2.8 VERIFICATION OF NUMARC 87-00 BASELINE ASSUMPTIONS
Section 1.3 of NUMARC 87-00 states that utilities are expected to ensure that the baseline
assumptions of the document are applicable to their plants. Ultilities are, however, not

expected to perform rigorous analyses or evaluations in verifying these assumptions
(Reference 8A-1, Appendix I, Q.A 3). The analyses are to be available for NRC review.
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Table 8 A-2 documents the evaluation of the baseline assumptions as applied to Columbia
Generating Station. The table shows that where the assumptions were found to be invalid,
alternative methods confirmed Columbia Generating Station compliance to the SBO rule. In all
cases where a baseline assumption was found to be invalid, it was not because of a Columbia
Generating Station unique feature, but rather because the assumption was not applicable to a
large class of plants.
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dated July 31, 1992.

8A-11 Letter, GO2-94-002, J. V. Parrish to NRC, “Updating Information Regarding
Station Blackout Resolution (TAC No. N68626),” dated January 6, 1994.

8A-12 “Storage Batteries, A General Treatise on the Physics and Chemistry of
Secondary Batteries and their Engineering Applications,” fourth edition by
G. W. Vinal, and J. Wiley & Sons.

8A-13 Letter, GO2-88-025, D. W. Mazur to NRC, “NRC Inspection Report 87-19,”
dated January 29, 1988.

8A-14 Letter, GO2-92-099, G. C. Sorensen to NRC, “Safety Evaluation of the
Washington Public Power Supply System Nuclear Project Number 2 Station
Blackout Analysis (TAC No. M68626),” dated April 15, 1992.

8A-15 Calculation ME-02-89-21.

8A-16 Letter, GO2-07-139, D.W. Coleman to NRC, “Clarification on the Role of

Reactor Core Isolation Cooling During a Station Blackout for Columbia
Generating Station,” dated September 13, 2007.
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Table 8A-1

Station Blackout Coping Determination

NUMARC 87-00, Rev. 1
Station Blackout Consideration Reference

Determine the Offsite Power Design
Characteristic Group

A. Site susceptibility to grid related loss of App I, Q/A 10
offsite power (LOOP) events

with < one event/20 yrs;
then, not a P3 site

B. Frequency of a LOOP due to extremely Table 3-2
severe weather

with an annual expectation of 0.0001;
then, ESW Group 1

C. Frequency of a LOOP due to severe p 3-6
weather

f = (1.3x10%)*m + b*h2 + (1.2x107) *hs

+ c*ha

with

hi: = annual snowfall expectation, 14 in. App I, Q/A 14
(FSAR Table 2.3-1) Reference 8A-5

h2 = annual expectation for a tornado of Table 3-3
severity <12, 2x107

hs = annual expectation for wind of 75 to Table 3-3
124 mph, 0.03

hs = annual expectation of a storm w/salt Table 3-3
spray, 0.0
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Table 8A-1

Station Blackout Coping Determination (Continued)

NUMARC 87-00, Rev. 1
Station Blackout Consideration Reference

C. Frequency of a LOOP due to severe
weather (continued)

p 3-6
b = 12.5 for sites w/multiple rights away
p 3-6
¢ = 0.0 for sites w/o salt spray
vulnerability
then
Table 3-4

f = 2.2x107; therefore SW Group 1
D. Independence of offsite power system

with two switch yards and with automatic
transfers provided upon loss of the main p 3-10
generator and the preferred source
then, I Group 1/2

E. Determine offsite power design group Table 3-5a
with ESW 1, SW 1, and I 1/2
then, Group P1

Classify Emergency Alternating Current Power Table 3-7
Supply System Configuration

with

EDGs normally available = 2
EDGs required for safe shutdown = 1;

then, EAC Group C
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Table 8A-1

Station Blackout Coping Determination (Continued)

NUMARC 87-00, Rev. 1
Station Blackout Consideration Reference

Determine Allowed EDG Target Reliability Section 3.2.4
with
0 failures last 20 demands being >90%
1 failure in last 50 demands being >94 %
1 failure in last 100 demands being >95%
and with EAC Group C,
then, a target reliability of 95%
Determining Coping Duration Requirement Table 3-8
with
Offsite Power Group P1
EAC Group C
EDG target reliability of 95%

then, the required coping duration is 4 hr

8A-15



COLUMBIA GENERATING STATION

Amendment 57

FINAL SAFETY ANALYSIS REPORT December 2003
Table 8A-2
Validation of NUMARC 87-00 Assumptions
NUMARC Assumption Comment

NUMARC 87-00, Rev. 1, Appendix J.9 Considerations

2.4.1(1)

252

2.7.1

2.7.1(2)(a)

2.7.12)(a)1
2.7.1(2)(a)2

LDCN-02-002, 02-025

Confirm dc power for EDG field
flashing and breaker closure.

BWRs should consider RRC pump
seal leakage.

LOCA and HELB temperatures
may not be conservative for SBO.

Confirm control room
temperatures do not exceed
120°F.

Initial and average wall
temperatures assumptions should
be verified by plant data.

8A-16

These considerations are included
in the battery capacity calculations
(Reference 8A-7).

Seal leakage is included in the
required inventory calculation (see
Section 8A.2.5.1).

A plant specific SBO primary
containment heatup calculation has
been performed for Columbia
Generating Station, and the SBO
temperatures are bounded by the
LOCA analysis temperatures. The
DAC area outside containment is
not susceptible to HELB conditions.
(see Section 8A.2.5.4).

This assumption was confirmed for
Columbia Generating Station by a
plant-specific control room heatup
calculation (Reference 8A-7).

The use of 104°F for|RPS rooms |

and switchgear room 2 is valid as
[these rooms are|controlled to below
this temperature per the Licensee
Controlled Specifications.
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Table 8A-2

Validation of NUMARC 87-00 Assumptions (Continued)

NUMARC

Assumption

Comment

8A-17

The heatup calculations for the
control room used an alternate
methodology for which the
temperature of adjacent rooms was
properly accounted for. The
temperatures of the rooms adjacent
to the control room were
conservatively assumed to be 104°F
with the exception of the
communication room which may
have SBO heat loads and was
assumed to be at 120°F. The
control room model does not use
the basic NUMARC 87-00
assumption that wall temperature
remains basically constant during
the SBO. Rather it models the wall
as several nodes (typically 10) for
which time dependent heat
conduction and convection are
accounted for.

The primary containment model
used the maximum temperature
allowed by the Technical
Specifications for the drywell and
suppression pool as the initial
temperatures for the appropriate
portions of the containment shell
and internal structures. These
temperatures are higher than those
that would be expected for the
adjacent areas outside primary
containment (i.e., within the
Reactor Building).



COLUMBIA GENERATING STATION

Amendment 57

FINAL SAFETY ANALYSIS REPORT December 2003
Table 8A-2
Validation of NUMARC 87-00 Assumptions (Continued)
NUMARC Assumption Comment

2.7.12)@)(3)
2.7.12)(a)(4)

2.7.1(2)(a)(5)

2.7.1.2)(b)

LDCN-02-002

Drop ceilings and walls that are
not poured concrete cannot be
modeled by NUMARC 87-00
methodology. If either are to be
modeled, an alternate
methodology must be used and
this should be identified to the
NRC.

In order to take credit for opening
doors, the adjacent room must be
large relative to the DAC and at a
lower temperature.

Loss of heating in the battery
room is assumed not to affect
battery capacity. Provided battery
capacity calculations used the
lowest electrolyte temperature
anticipated under normal
operating conditions, further
consideration of loss of battery
capacity is not required.

8A-18

The control room has a drop ceiling
and walls that have facia board
paneling. The drop ceiling was
modeled by a method identified to
the NRC in Reference 8A-7. The
control room model has two
volumes; the main portion of the
room and the volume above the
drop ceiling. Walls with facia
board panel were not credited as
heat sinks.

The opening of doors is not
required for SBO Rule compliance.

The battery rooms have no walls
that are exterior walls of the
building and some of the adjacent
rooms will have SBO heat loads.
As such, there will not be
significant cooling of the rooms
during the coping period. Also, as
the I’R heat generation within the
batteries will be greater than the
heat loss due to the endothermic
discharge reaction (Reference
8A-12), it is likely that the
electrolyte temperature will
increase even with a slight decrease
in room temperature.
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Table 8A-2
Validation of NUMARC 87-00 Assumptions (Continued)
NUMARC Assumption Comment

Other Considerations

2.3.1

2.7.1.(2)(a)

2.7.1.(2)(a)

2.7.1.(2)(a)

LDCN-02-002, 02-025

Specific consideration was not
given in NUMARC 87-00 for a
grid related LOOP due to volcanic
activity.

RAO only needs to be established
for areas that lose normal
ventilation.

For a temperature < 120°F, it is
likely no specific actions to ensure
RAO are required.

The DACs for BWRs are the
HPCI/HPCS and RCIC rooms and
the main steam tunnel.

8A-19

The eruptions of Mt. St. Helens in
1980 did not result in significant
disturbance to the BPA system.
Also, the probability of volcanic
activity that could significantly
impact the BPA system is low
relative to severe weather events
that could do the same. Columbia
Generating Station has made
procedure and design provisions to
ensure continuous EDG operations
during volcanic activity (see
Section 9.2.5.3 and

Reference 8A-13).

RAO was confirmed for those
areas that contain SBO coping
equipment for which ventilation is
maintained (Section 8A.2.5.4).

Analysis has confirmed that all
equipment important to station
blackout is capable of functioning
at temperatures < 120°F (< 129°F
for the RPS-1 room) with no
specific action required to ensure
RAO.

For Columbia Generating Station,
the control room and primary
containment are considered as
DAC:s.
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Table 8A-2
Validation of NUMARC 87-00 Assumptions (Continued)
NUMARC Assumption Comment
Appendix I, Plants that relied on GE HELB This assumption was validated for
Q/A 95 analysis or a plant specific Columbia Generating Station using

analysis which bounds the GE
analysis, need not address the
drywell temperature.

a plant-specific primary
containment heatup analysis that
modeled the drywell, wetwell air
space, and suppression pool.

LDCN-01-000 8A-20
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