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9.4 DC POWER SYSTEMS 
 
Learning Objectives 
 
1. Recognize the purposes of the DC Power system. 
 
2. Recognize the purpose, function and operation of the following: 

a. Batteries 
b. Battery Chargers 
 

3. Recognize how the DC Power systems interface with the following systems: 
a. Normal AC Power System (Section 9.1) 
b. Emergency AC Power System (Section 9.2) 
c. 120 VAC Power System (Section 9.3) 
d. Reactor Core Isolation Cooling System (Section 2.7) 
e. High Pressure Coolant Injection System (Section 10.1) 
f. Automatic Depressurization System (Section 10.2) 
g. Residual Heat Removal System (Section 10.4)  
h. Core Spray System (Section 10.3) 
i. Reactor Protection System (Section 7.3) 
j. Neutron Monitoring System (Section 5) 

 
9.4.1 System Introduction 
 
The purpose of the DC Power System is to provide highly reliable 125 VDC and 24 VDC 
to selected equipment required for safe shutdown of the plant and to loads that are 
essential for normal plant operation. 
 
The 125 VDC system is divided into four separate divisions.  Divisions I, II & III are for 
Engineered Safety Feature (ESF) equipment (Tables 9.4-1, 2 & 3).  This equipment 
includes: 
• ESF control systems 
• ESF equipment required to restore emergency AC supplies 
• ESF equipment that must operate at all times 
  
The ESF control systems are powered from DC power so that their operation does not 
become sporadic due to the loss of AC power. Equipment required to operate at all 
times is powered from DC power such that their operation is not affected by transfer 
from one AC source to another. 
 
Division IV of 125 VDC consists of four independent systems to provide power for non-
safety related systems such as: 
• Control and protective power for equipment 
• Auxiliary equipment required to achieve safe shutdown when offsite power is lost 
• Power for the emergency response facility 
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• Power for security systems. 
 
Each 125 VDC distribution bus (Figure 9.4-1) has two power sources: 
• A solid state battery charger powered from a 480 VAC bus 
• A 125 VDC battery. 
 
The 24 VDC power system provides electrical power to the source and intermediate 
ranges neutron monitoring systems.  The source and intermediate range instruments 
are not required to shutdown the reactor or place the reactor in a safe shutdown 
condition per safety analysis. Therefore the 24 VDC power system is not safety related.  
There is a separate and unrelated 24 VDC system that supplies radwaste and process 
radiation monitoring systems that will not be discussed in this section. 
 
Each 24 VDC distribution bus (Figure 9.4-2) has two power sources: 
• A solid state battery charger powered from a 480 VAC bus 
• A 24 VDC battery. 
 
There are two separate 24 VDC distribution buses.  Each bus consists of three battery 
taps: 
• Positive (+24 VDC) 
• Negative (-24 VDC) 
• Ground (0 VDC) 
 
These taps are supplied by two batteries and two battery chargers.  Both battery 
chargers associated with a distribution bus are supplied by an Emergency 480 VAC bus 
through a step down transformer. 
 
9.4.2 Component Descriptions 
 
9.4.2.1 Batteries 
 
The 125 VDC batteries are pasted-plate lead acid type, made up of 60 cells, and sealed 
in clear plastic containers.  Each cell has: 
• high and low electrolyte level marks 
• a built-in hydrometer reading tube 
• a vent hole 
• thermometer 
• specific gravity correction scale on the pilot cell of each battery. 
 
The float voltage of each cell is from 2.17 to 2.25 volts.  The recommended equalizing 
and charging voltage is 2.33 volts per cell.  There are ground alarm relays provided for 
each safety related bus. 
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The 24 VDC batteries are pasted-plate lead acid type, made up of 12 cells in clear 
plastic containers.  Each cell has: 
• electrolyte level marks 
• specific gravity monitoring 
• temperature monitoring 
 
9.4.2.2 Battery Chargers 
 
The 125 VDC battery chargers are the normal source of power to the 125 VDC buses.  
The chargers are transformer rectifier units cooled by natural convection.  They are 
rated at 300 amps of continuous output.  The rectifiers are silicon diodes and Silicon 
Controlled Rectifiers (SCRs).  The output is controlled by varying the phase angle of the 
SCRs.  The output of the rectifier is smoothed by a smoothing circuit to reduce DC 
ripple.  A current limiter will bias the output voltage if the current exceeds 360 amps.  
Alarms are provided for voltages greater than 145 and less than 105. 
 
The 24 VDC battery chargers are convection cooled, single phase, rectifier units.  The 
rectifiers also use SCRs connected in a full wave bridge configuration.  The output 
voltage is controlled by adjusting the firing angle of the SCRs.  The output "float" voltage 
is set for 26 to 27 volts, and the equalizing setpoint is 28 to 29 volts.  A current limiter 
circuit will limit the output current to 30 amps.  The rectifier output is filtered by a choke 
circuit to reduce DC ripple.  There are alarms for low voltage, low current, and loss of 
AC input power. 
 
9.4.3 System Features and Interfaces 
 
9.4.3.1 Normal Operation 
 
During normal operations, the battery chargers will supply the normal steady state DC 
loads, and also provide a "float" charge for the batteries.  The chargers have enough 
capacity to carry the steady state loads while recharging the batteries from minimum 
voltage to charged state within 24 hours.  While the batteries are "floating", they are 
acting as filters suppressing voltage transients. 
 
9.4.3.2 Infrequent Operation 
 
At specific time intervals as specified by the battery manufacturer, an equalizing charge 
is placed on the battery banks to bring weak cells back to within specific cell voltage 
limits and to extend battery life. 
 
 
9.4.3.3 Abnormal and Emergency Operation 
 
Loss of a battery charger causes annunciation of the appropriate alarms locally and in 
the control room.  The associated battery will carry the loads of that bus until the battery 
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charger is again available.  If there is a loss of 480 VAC supply, the batteries will carry 
the loads until AC power has been restored.  A loss of offsite power will cause a loss of 
AC until the diesel generators restore emergency AC power in 10-12 seconds. 
 
The worst case scenario for DC power systems occurs when there is a Loss Of Coolant 
Accident (LOCA) coincident with a loss of offsite power.  If the diesel generators do not 
restore emergency AC power (station blackout), the batteries will carry the load until 
emergency AC is restored.  The 125 VDC batteries will be loaded heavily during the first 
minute due to initiation of engineered safeguard equipment.  After this initial period, 
loads will be reduced to steady state conditions.  The 125 VDC batteries can meet worst 
case loads for two hours in the event of a blackout.  The 24 VDC batteries can supply 
its loads for four hours with no output from the battery chargers.  Securing unnecessary 
DC loads after a loss of AC power will extend the battery capacity until AC power is 
restored. 
 
9.4.3.4 Interfaces 
 
The DC power system interfaces with many systems. A full listing can be found in 
Tables 9.4-1, 2 & 3. Some major system interfaces are listed below. 
 
Normal AC Power System (Section 9.1) 
 
The normal AC power system supplies power to the non safety related battery chargers. 
 
Emergency AC Power System (Section 9.2) 
 
The emergency AC power system supplies power to the safety related battery chargers. 
The DC power systems supply control, field flashing and fuel pump power to the 
emergency diesel generators (EDGs). 
 
120 VAC Power System (Section 9.3) 
 
The 125 VDC power systems supply backup power to the uninterruptible power system 
inverters. 
 
Reactor Core Isolation Cooling (RCIC) System (Section 2.7) 
 
The DC power system provides pump, motor-operated-valve (MOV) and control power 
to the RCIC System. 
 
High Pressure Coolant Injection (HPCI) System (Section 10.1) 
 
The DC power systems provide pump, motor-operated-valve (MOV) and control power 
to the HPCI System. 
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Automatic Depressurization System (ADS) (Section 10.2) 
 
The DC power systems provide control power to ADS. 
 
Residual Heat Removal (RHR) System (Section 10.4) 
 
The DC power systems provide control and motor-operated-valve (MOV) power to RHR 
for the low pressure coolant injection (LPCI) mode of operation. 
 
Core Spray (CS) System (Section 10.3) 
 
The DC power systems provide control power to CS. 
 
Reactor Protection System (RPS) (Section 7.3) 
 
The DC power systems provide control power to the Backup Scram trip systems. 
 
9.4.4 Summary 
 
The purpose of the DC power system is to provide highly reliable 125 VDC to safety and 
non safety related loads and 24 VDC power to the neutron monitoring system.  All DC 
buses are supplied by a battery charger that will carry the normal loads and maintain a 
charge on the battery.  Each bus has a battery that will supply the bus in the event of a 
loss of power to the charger or a failure of the charger. 
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Table 9.4-1 Division I 125 VDC Loads 
 
 

 
Safety related loads (division I): 
 
  Motor operated valves for: 
  Reactor core isolation cooling (RCIC) 
 
 Pump motors for: 
  RCIC condenser vacuum pump 
  RCIC condenser condensate pump 
  Diesel generator 101 fuel oil pump 
 
 Control power for: 
  Backup scram trip system A 
  Reactor high level trip system C 
  High pressure coolant injection (HPCI) system (backup isolation 
   controls) 
  RCIC system 
  Nuclear steam supply shutoff system (NSSSS), division I 
  Automatic depressurization system (ADS), division I 
  Residual heat removal (RHR) system 
  Core spray (CS) system, division I 
  Steam leak detection system, division I 
  Recirculation pump trip system, division I 
  4160V and 480V emergency switchgear, division I 
  Diesel generator 101 
  Safety related ventilation systems, division I 
  Auxiliary relay panel, division I 
  CO2 detection panel, relay room, division I 
 
 Field flashing for diesel generator 101 

 
Non-safety related loads: 

 
  Plant process computer (via uninterruptible power supply) 
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Table 9.4-2 Division II 125 VDC Loads 
 
 

 
Safety related loads (division II): 
 
 Motor operated valves for: 
  HPCI system 
  Main steam line drain system 
  RHR system 
  Reactor water cleanup system (RWCU) 
 
 Pump motors for: 
  HPCI turbine bearing oil pump 
  HPCI condenser vacuum pump 
  HPCI condenser condensate pump 
  Diesel generator 102 fuel oil pump 
 
 Control power for: 
  Backup scram trip system B 
  Reactor high level trip system B 
  HPCI system 
  RCIC system (backup isolation controls) 
  NSSSS, division II 
  ADS, division II 
  RHR system, division II 
  CS system, division II 
  Steam leak detection system, division II 
  Recirculation pump trip system, division II 
  4160V and 480V emergency switchgear, division II 
  Diesel generator 102 
  Safety related ventilation systems, division II 
  CO2 detection panel, relay room, division II 
 
 Field flashing for diesel generator 102 
 
Non-safety related loads: 
 
 None 
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Table 9.4-3 Division III 125 VDC Loads 
 
 

 
Safety related loads (division III): 
 
 Pump motor for: 
  Diesel generator 103 fuel oil pump 
 
 Control power for: 
  Diesel generator 103 
  4160V and 480V emergency switchgear, division III 
  Safety related ventilation systems, division III 
  CO2 detection panel, relay room, division III 
 
 Field flashing for diesel generator 103 
 

 
Non-safety related loads: 
 
 Uninterruptible power supply 

 

 
 



 Figure 9.4-1 Typical 125 VDC Distribution 
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 Figure 9.4-2 Typical 24 VDC Distribution 

 
 
 

 

FROM 480 VAC BUS

BATTERY
CHARGER

BATTERY
CHARGER

- +

24 V
BATTERY

24 V
BATTERY

- +

- +24 V 24 V

24 VDC DISTRIBUTION PANEL



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


