
Tennessee Valley Authority, Post Office Box 2000, Spring City, Tennessee 37381

July 28, 2011

10 CFR 50.73

ATTN: Document Control Desk

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555-0001

Watts Bar Nuclear Plant, Unit 1

Facility Operating License No. NPF-90

NRC Docket No. 50-390

Subject: Licensee Event Report 390/2011-004, Reactor/Turbine Trip due to

Loss of Main Generator Excitation

This submittal provides Licensee Event Report (LER) 390/2010-004. This LER

documents an incident where the reactor tripped automatically from a turbine trip above

50% rated thermal power due to loss of main generator excitation. The condition is

reported as an LER in accordance with 10 CFR 50.73(a)(2)(iv).

There are no regulatory commitments in this letter. Please direct any questions

concerning this matter to Robert Clark, WBN Site Senior Licensing Engineer, at (423)

365-1818.

D. E. Grissette

Site Vice President

Watts Bar Nuclear Plant

Enclosure

cc: See Page 2
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ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single-spaced typewritten lines) 

On May 29, 2011, 01:55 Eastern Daylight Saving Time (EDT) with Watts Bar Nuclear (WBN) Unit 1 at 100% rated 
thermal power, the reactor tripped automatically on a Main Generator/Turbine trip due to loss of main generator 
excitation, which resulted from a spurious fault signal from the Extended Gate Controller (EGC) in the Automatic 
Voltage Regulator (AVR).  The most probable cause of the spurious signal was an intermittent fault in a ribbon cable to 
the EGC.  Following cooldown to no-load equilibrium conditions, main feedwater isolation occurred due to Reactor Trip 
coincident with low Reactor Coolant System TAVG.  Main feedwater isolation resulted in a Main Feed Pump Turbine 
(MFPT) trip signal which resulted in the automatic startup of the AFW System.  No overcooling transient occurred and 
no safety injection signal was initiated for this event.  

Plant personnel immediately entered appropriate trip response procedures and stabilized the plant.   

The EGC circuit has been bypassed to prevent further spurious trips.  The ribbon cable will be replaced at the next 
outage, and EGC output will be monitored for approximately one cycle to confirm no spurious trip signals before placing 
the EGC back in service. 

This event is reported as an LER in accordance with 10 CFR 50.73(a)(2)(iv) for the valid actuation of the reactor 
protection system and the auxiliary feedwater system. 
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I. PLANT CONDITIONS: 
 
 Unit 1 in Mode 1 at 100% RTP.  
 
II. DESCRIPTION OF EVENT: 
 
 A. Event: 

  
On May 29, 2011 at 01:55 EDT with WBN Unit 1 at 100% rated thermal power the field circuit breakers 
(FCBs) for the Main Generator Excitation System [EIIS1 Code EL] received a spurious opening signal without 
a valid fault command.  The opening of the FCBs caused a loss of main generator excitation which was 
sensed by the generator “Loss of Field” protective relay.  The Loss of Field Relay tripped the main generator 
and turbine.  With the reactor operating above the P9 interlock (50% rated thermal power), a Reactor Trip 
signal was generated by the Solid State Protection System (SSPS).  Immediately following the reactor trip, 
the Steam Dump Control System [EIIS Code J] automatically opened the condenser bypass valves [EIIS 
Code SB] to remove stored energy and residual heat from the reactor coolant system (RCS) [EIIS Code AB].  
During plant cooldown to no-load equilibrium conditions, a main feedwater isolation signal was generated by 
the SSPS due to Reactor Trip coincident with low RCS TAVG.  The purpose of this signal is to prevent a 
potential RCS overcooling transient following a turbine trip.  The closure of the main feedwater isolation 
valves [EIIS Code SJ] generated a Main Feed Pump Turbine (MFPT) [EIIS Code JK] trip signal which then 
resulted in the automatic startup of the Auxiliary Feedwater (AFW) System [EIIS Code BA]. 

 
 B. Inoperable Structures, Components, or Systems that Contributed to the Event.  
     
 None. 
  
 
 C. Dates and Approximate Times of Major Occurrences 

Date  Time 
(EDT) 

 Event 

May 29, 2011 

May 29, 2011 

 01:55:08 

01:55:44  

 EGC Fault 

SSPS Alarm - Reactor Trip From Turbine Trip Above P9 

May 29, 2011  01:56:26  Plant Personnel Entered E-0, Reactor Trip or Safety Injection 

May 29, 2011  01:58:54  Plant Personnel Entered ES-01, Reactor Trip Response 

May 29, 2011 

May 29, 2011 
 

May 29, 2011 

 02:08:20 

02:24:51 
 

06:27:00 

 

 

Plant Personnel Entered AOI-17, BOP Realignment 

Plant Personnel Entered GO-5, Unit Shutdown from 30% Power to 
Hot Standby 

Plant Personnel Exited AOI-17 
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II. DESCRIPTION OF EVENT (continued): 
 
 D. Other Systems or Secondary Functions Affected 
 

None. 
 
 E. Method of Discovery 

SSPS Alarm - Reactor Trip From Turbine Trip Above P9. 
 
 F. Operator Actions 

 
Following Reactor/Turbine trip, the operators entered the following procedures to stabilize the plant at Hot 
Standby Conditions: 

 
E-0 - Reactor Trip or Safety Injection 
ES 0.1 - Reactor Trip Response 
AOI-17 - BOP Realignment 
GO-5 - Unit Shutdown from 30% Power to Hot Standby 

  
 G. Safety System Responses 
 

The reactor tripped in response to a Main Turbine trip above the P9 interlock.  The turbine trip was due to  loss 
of main generator excitation.  Following cooldown to no-load equilibrium conditions, a main feedwater 
isolation signal was generated by the SSPS due to a reactor trip coincident with low RCS TAVG.  The closure 
of the main feedwater isolation valves generated a Main Feed Pump Turbine (MFPT) trip signal which then 
resulted in the automatic startup of the AFW System.  During plant cooldown, automatic RCS pressure control 
was not available, however manual control was available.  All safety systems functioned as designed.  No 
overcooling transient occurred and no safety injection signal was initiated. 

 
III. CAUSE OF EVENT 

  Background 
 

The major electrical components that make up the main generator excitation system are the AVR, exciter field 
windings, exciter armature windings, rotating rectifier assembly, and the main generator field windings (see 
Figure 1).  The AVR is a dual-channel digital control system designed by ABB that was installed during U1 
Refueling Outage 10, which ended May 21, 2010.  Each AVR channel has one Control Board (COB) module 
and one Extended Gate Controller (EGC).   
 
The COB module has two operating modes, “manual” and “auto.”  In the automatic mode, main generator 
terminal voltage is maintained at the desired level by automatically adjusting the excitation current within 
acceptable limits in response to varying grid conditions.  In the manual mode, the operator adjusts the 
excitation current to control both reactive power and main generator terminal voltage.  Normally, manual 
control is avoided because the excitation system will not automatically respond to changes in grid 
conditions that affect main generator terminal voltage.  In both operating modes, maximum and minimum 
excitation limiters are used to prevent the AVR from imposing unacceptable conditions on the generator.    
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III. CAUSE OF EVENT (continued) 

 
The Extended Gate Controller (EGC) provides an emergency back-up to the COB.  The EGC board is 
independent from the COB.  In case of a failure of both COB channels, excitation control is switched over 
automatically to the EGC on the active channel.  The EGC controller offers manual field current regulation 
with an AVR over current relay but without excitation limiters.  Control may be transferred back to the COB 
when the COB failure has been corrected.  Because of the lack of excitation limiters, the EGC is considered 
an emergency back-up, and the vendor manual recommends that the plant begin manual shutdown 
procedures when the AVR is on the EGC. 
 
Fault Analysis: 
 
Testing at ABB Switzerland and ABB Canada facilities indicates that the most probable cause of the loss of 
excitation was an intermittent fault in the “X5” multi conductor cable that provides signal communication 
between the EGC and the COB.   
 
During normal COB channel operation in either automatic or manual, the EGC firing pulses are blocked.  An 
intermittent fault in the “X5” multi conductor ribbon cable could cause a spurious signal to be sent to the 
EGC signaling the EGC to turn on.  With the EGC on and no output pulses (pulses blocked), the AVR 
software will interpret this condition as an EGC fault and open the exciter field breakers.  During testing at 
ABB, a simulated “X5” cable fault replicated the faults and alarms that occurred at WBN on May 29.  Other 
failures replicated some of the alarms or faults experienced, but failure of the”X5” cable was the only tested 
configuration that produced all the alarms and signals experienced on May 29, 2011. 

 
IV. ANALYSIS OF THE EVENT 
 

Spurious signals generated in the AVR caused the exciter field breakers to open causing a loss of main 
generator excitation which was sensed by the Loss of Field Relay. The Loss of Field Relay tripped the main 
generator and turbine.  With the reactor operating above the P9 interlock, a reactor trip signal was generated 
by the SSPS.  Immediately following reactor trip, the Steam Dump Control System automatically opened the 
condenser bypass valves to remove stored energy and residual heat from the RCS.  During plant cooldown to 
no-load equilibrium conditions, a main feedwater isolation signal was generated by the SSPS due to reactor 
trip coincident with low RCS TAVG.  The closure of the main feedwater isolation valves generated a Main Feed 
Pump Turbine (MFPT) trip signal which then resulted in the automatic startup of the Auxiliary Feedwater 
(AFW) System. 

 
The steam dump and the pressurizer control systems functioned properly in response to the trip to minimize 
RCS and steam generator (SG) [EIIS Code SB] temperature and pressure transients.  No pressurizer [EIIS 
Code AB] or SG Power Operated Relief Valves (PORVs) or Safety Valves lifted during the transient.  Main 
Feedwater isolation occurred as designed following plant cool down to prevent a potential RCS overcooling 
transient.  AFW  system auto-start on trip of all MFPTs following main feedwater isolation functioned as 
designed.   

 
V. ASSESSMENT OF SAFETY CONSEQUENCES 
 

The safety significance of this event (Reactor/Turbine Trip) is low because there was no loss of safety 
function.  This event is categorized in the WBN Updated Final Safety Analysis Report (UFSAR) Chapter 15 
Accident Analyses as a Condition II event, a fault of moderate frequency.  The event is specifically discussed 
in UFSAR subsection 15.2.7, Loss of External Electrical Load and/or Turbine Trip, which also encompasses 
loss of main feedwater flow with subsequent startup of the AFW System. 

NRC FORM 366A (9-2007) 
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V. ASSESSMENT OF SAFETY CONSEQUENCES (continued) 
 

The UFSAR 15.2.7 analysis contains several analysis conservatisms which were not characteristic of the 
actual event.  The UFSAR analysis assumes, among other things, a loss of offsite power to the station 
auxiliaries; while offsite power was available for this event.  The analysis also assumed that the plant is 
initially operating at 100.2% of rated thermal power while this automatic reactor trip occurred at 100% power.  
In addition, the analysis assumes there is a complete loss of steam load from full power without a direct 
reactor trip, primarily to show the adequacy of the primary and secondary system pressure relieving devices 
and also to demonstrate core protection margins.  In the actual event, direct reactor trip occurred on turbine 
trip.  The analysis also assumed a loss of the Chemical and Volume Control System [EIIS Code CB] and that 
the water level in the SGs is at a conservatively low level.  None of these abnormal conditions existed at the 
time of the event.  Therefore, the actual event was bounded by the UFSAR safety analysis assumptions. 

 
VI. CORRECTIVE ACTIONS  

This event was documented within TVA’s Corrective Action Program as PER 379346. 
 
 A. Immediate Corrective Actions 
 

The EGC circuit was bypassed using TVA’s Temporary Alteration (TA) process to prevent a spurious signal 
from tripping the exciter field circuit breakers.   

   
 B. Corrective Actions to Prevent Recurrence  

Pursuant to TVA and ABB Root Cause Analysis, the following actions will be taken in accordance with 
TVA’s corrective action program. 

1. Replace existing “X5” ribbon cable in the next planned or forced outage. 

2.  Send suspect “X5” ribbon cable to TVA Central Laboratory for failure analysis. 

3. Revise TA to place the EGC in service with the field circuit breaker trip function disabled and 
instrumented for approximately one operating cycle.  At the end of the cycle, evaluate for no spurious 
trip signals and return EGC to full service.     

 
 VII. ADDITIONAL INFORMATION 
 
 A. Failed Components 

 Suspect “X5” ribbon cable and/or EGC module.  

  
 B. Previous LERs on Similar Events 
 

An LER search for turbine trips at Watts Bar found no previous events similar to that which occurred on 
5/29/11.  The existing voltage regulator was replaced with the ABB UNITROL 5000 AVR during WBN U1R10. 
The replacement AVR had been operating for approximately 10 days prior to this event.  Industry OE was 
reviewed.  No similar events were identified with either the EGC or “X5” cable as the root cause.  Industry 
experience dealt with replacement ARCNET card incompatibility and Electromagnetic Interference/Radio 
Frequency Interferences (EMI/RFI).  In one experience corrective action was taken to test all ribbon cables.  
No problems with cable were identified.   
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VII. ADDITIONAL INFORMATION 
 
 C. Additional Information: 

  None. 
 
 D. Safety System Functional Failure 

  This event did not involve a safety system functional failure as defined in NEI 99-02, Revision 5. 
 
 E. Loss of Normal Heat Removal Consideration 

Main Feedwater isolation following reactor/turbine trip is a design feature used to preclude potential 
RCS overcooling transients.   Loss of normal heat removal during this event was expected and was 
properly mitigated by the automatic startup of the AFW System including operator actions to stabilize 
the plant at Hot Standby Conditions. 

 
VIII. COMMITMENTS 
 
 None. 
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Figure 1 
Simplified Brushless Excitation System Block Diagram 

 

NRC FORM 366A (9-2007) 

 

  Exciter Stator 

N 

 S 

PMG 

Main Generator 
Armature 

Main Generator 
Field 

Exciter Field 

Exciter FCBs 

Exciter Armature 

PMG Armature 

Rectifier Assembly 

VT 

SCRs 

SCR Firing Pulses

Main Generator Stator Main Generator Rotor 

Terminal Voltage/ 
Current Feedback 

       Rotor 

CH-2 AVR same 
as CH-1 

  If

Iex 

CT PT 

X5 Cable 

      COB (CH-1)  EGC (CH-1) 

CH-1 AVR 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /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 300
  /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 300
  /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 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /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

  /CreateJDFFile 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 compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [400 400]
  /PageSize [612.000 792.000]
>> setpagedevice




