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Revision Summary 

Revision 0: 

Initial Issue 

Revision 1: 

This revision is issued to update the MINDETC and MINLOAD equations for logic strings 2 and 
3. The equations previously used a “less than” operator in the calculation, however, the 
SEL-451 relays are programmed with a “less than or equal to” operator. Therefore, this 
calculation is updated to be in agreement with the relay programming. Changes are made to 
the logic strings on Pages 6 and 7 and the trip logic diagram on Page 8 as indicated by 
revision bars. Additional discussion is added to the ground fault impedance sensitivity section 
on pages 16, 19, 20 and 21 for consistency with other stations in the fleet.  
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1.0 PURPOSE/SCOPE 
A loss of phase site specific programmed microprocessor based protective relaying 
scheme is being developed for the Nuclear Units in the Exelon Fleet.  This evaluation is 
for Byron Units 1 and 2. 
The open phase detection scheme is a system consisting of a logic associated with the 
detection and security of the scheme. The fundamental premise and the objectives of 
the scheme are consistent with the Nuclear Energy Institute (NEI) “Open Phase 
Condition Initiative” APC13-28, October 10, 2013.  
An open phase event consists of a failure in the 3-phase supply in which one or two 
phase conductor(s) becomes disconnected from the 345 kV transmission 
interconnection.  This disconnection can result in three different scenarios: 

 The energized 345 kV line does short to ground on the transmission side, so 
there is fault current to be detected and cleared by the switchyard protection 
scheme.  Therefore, no further analysis is required for this scenario.  This 
scenario occurred at Byron Unit 1 on Tuesday, February 28, 2012. 

 The energized 345 kV line does not short to ground on the transmission side, so 
there is insufficient fault current to be detected and cleared by the switchyard 
protection scheme. The disconnected phase conductor shorts to ground on the 
System Auxiliary Transformer (SAT) end, connecting the SAT HV winding to 
ground. 

 The energized 345 kV line does not short to ground on the transmission side, so 
there is no fault current to be detected and cleared by the switchyard protection 
scheme. The disconnected phase conductor remains suspended above the 
ground at the SAT end. 

This calculation implements the results of the EMTP analysis for the second and third 
scenarios, where the switchyard protection cannot be relied upon to clear the condition.  
The analysis to determine Ia, Ib, Ic, I0, I1, I2, I1sum, Iasum, Ibsum, and Icsum quantities during 
the second and third scenarios is performed utilizing the Electromagnetic Transients 
Program Restructured Version (EMTP-RV) software. The EMTP-RV software model for 
the Byron transmission system interconnection, the SAT’s, and the station electrical 
auxiliary system allows the determination of the above indicated current quantities to be 
made with a high degree of accuracy. 
The purpose of this analysis is to select settings for the SEL-451-5 relays which are 
being installed at the 345 kV level to detect an open phase condition on the 345 kV line 
connections to SAT 142-1, SAT 142-2, SAT 242-1 and SAT 242-2. 
The logic implemented is in Sections 2.2.1 through 2.2.5. The SEL-451-5 relays are 
shown on the relay and metering diagrams in Attachment B. 
The settings for the following devices are developed in this calculation: 

 SEL-451-5 (851PST11) for SAT 142-1, this relay is connected to the SAT 
142-1 HV (primary side) bushing CTs secondary side 
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 SEL-451-5 (851PST12) for SAT 142-2, this relay is connected to the SAT 
142-2 HV (primary side) bushing CTs secondary side 

 SEL-451-5 (851PST21) for SAT 242-1, this relay is connected to the SAT 
242-1 HV (primary side) bushing CTs secondary side 

 SEL-451-5 (851PST22) for SAT 242-2, this relay is connected to the SAT 
242-2 HV (primary side) bushing CTs secondary side 

The following settings per relay need to be determined.  The settings are 
ZSCL1  Zero Sequence Current Limit for Logic String #1  
MINDETC  Minimum Detection Current 
LLDIFF  Low Level Current Differentiation 
NSCL2  Negative Sequence Current Limit for Logic String #2 
ZSCL2   Zero Sequence Current Limit for Logic String #2 
ZSCL3   Zero Sequence Current Limit for Logic String #3 
T_DELAY Time Delay (In Cycles) Prior to Triggering the Protective 

Control 
MINLOAD  Minimum transformer load alarm setting. MINLOAD is 
    expressed in Amps for this calculation. 

The above mentioned relay settings are based on the following quantities: 

 IAsum, IBsum, ICsum, representing the sum of total phase currents from the 
switchyard to both SATs 

 IA, IB, IC, representing the individual phase current of each SAT 

 I0 (zero), I1 (positive), I2 (negative), representing the sequence current quantities 
into each SAT 

 I1sum, representing the sum of total sequence currents from the switchyard to both 
SATs 

2.0 INPUTS  
The EMTP-RV analysis results are included in Reference 4.4.  The applicability of the 
settings to detect the second and third scenarios are discussed in Section 8.2 of 
reference 4.4. 
2.1 The SEL-451-5 relay has a minimum relay input phase current hardware 

detection limit of 0.02 A (Reference 4.2).  
2.2 The open phase detection relay logic for Byron Units 1 and 2 has been 

determined analytically based upon the actual EMTP-RV results.  For ease of 
reference the logic for two parallel SAT transformers 142-1 and 142-2 is 
reproduced below.  This logic is also applicable for parallel SAT transformers 
242-1 and 242-2. 
The programmed algorithm consists of 3 main separate logic strings, with the 
phase currents expressed in primary amperes and the sequence current values 
expressed in primary amperes.  The activation of logic strings L1, L2, or L3 will 
cause a trip after a time delay.  In the three logic strings identified below the 
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Phase “a” current is the Phase with the minimum current which identifies the 
Open Phase.  The Phase “b” and Phase “c” refer to the two other Phases which 
are not open circuited. 
 
2.2.1 Logic string #1 (Single or Double Open Phase and Ground on SAT 

Primary) for SAT 142-1 and SAT 142-2  
IF   

I0 > ZSCL1 
THEN L1_T. A grounded open phase exists and the relay will initiate a 
Time Delay to TRIP. 
I0 is the zero sequence current through each SAT.  Note that open phase 
and ground on SAT primary is detected under all loading conditions 
including no load conditions. 

2.2.2 Logic string #2 (Single Ungrounded or Double Grounded/Ungrounded 
Open Phase on SAT Primary) for SAT 142-1 and SAT 142-2 
IF    

(|IA142-1| <= MINDETC AND  
|IB142-1| > LLDIFF AND |IC142-1| > LLDIFF 

OR 
 |IA142-1+IA142-2| <= MINDETC AND 

|IB142-1+IB142-2| > LLDIFF AND |IC142-1+IC142-2| > LLDIFF) 
AND 

I0 > ZSCL2  
AND 

I2 < NSCL2 
THEN L2_T. Logic String 2 is secure and the relay will initiate a Time 
Delay to TRIP. 
Note that I0 and I2 are the zero sequence and negative sequence currents 
through each SAT, respectively. The above logic string #2 detects an 
open phase on SAT Phase A primary. Identical logic is applied individually 
to phases B and C to detect an open phase on B or C. The above logic 
applies to transformer 142-1.  Identical but mirrored logic with currents 
from transformer 142-2 apply to transformer 142-2. 
 

2.2.3 Logic string #3 (Double Ungrounded Open Phase on SAT Primary) for 
SAT 142-1 and SAT 142-2 
IF    
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(|IA142-1| <= MINDETC AND |IB142-1| <= MINDETC AND  
|IC142-1| > LLDIFF 

OR 
|IA142-1+IA142-2| <= MINDETC AND |IB142-1+IB142-2| <= MINDETC AND 
|IC142-1+IC142-2| > LLDIFF) 

AND 
I0 > ZSCL3 

THEN L3_T. Logic String 3 is secure and the relay will initiate a Time 
Delay to TRIP. 
The above logic string #3 detects a double open phase on SAT Phase A 
and Phase B primary. Identical logic is applied individually to Phases B 
and C, Phases C and A to detect a double open phase on Phase B and 
Phase C, and Phase C and Phase A. The above logic applies to 
transformer 142-1. Identical but mirrored logic with currents from 
transformer 142-2 apply to transformer 142-2. 
 

2.2.4 Minimum Load Alarm Logic 
IF   

|I1(142-1)| <= MINLOAD   
OR 

|I1(142-1)+I1(142-2)| <= MINLOAD   
THEN Minimum Load Alarm. 

 
2.2.5 Minimum Load for Relay Operation 

IF   
(L2_T OR L3_T) 

AND  
NOT Minimum Load Alarm 

THEN L23_T 
2.2.6 Time Delay for Relay Operation 

IF   
(L1_T OR L23_T) 

AND  
Time > T_DELAY  

THEN Trip 
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IF I0 > ZSCL1

Logic String #2

|IB142-1| > LLDIFF

|IC142-1| > LLDIFF

I0 > ZSCL2

I2 < NSCL2

|IA142-1| <= MINDETC

Logic String #1
Time > T_DELAY

TRIP

Logic String #3

MINIMUM LOAD ALARM

ALARM

I0 > ZSCL3

TRIP LOGIC DIAGRAM

L1_T

L2_T

L3_T

|IB142-1+IB142-2| > LLDIFF

|IC142-1+IC142-2| > LLDIFF

|IA142-1+IA142-2| <= MINDETC

|IB142-1| <= MINDETC

|IC142-1| > LLDIFF

|IA142-1| <= MINDETC

|IB142-1+IB142-2| <= MINDETC

|IC142-1+IC142-2| > LLDIFF

|IA142-1+IA142-2| <= MINDETC

L23_T

|I1 142-1| <= MINLOAD

|I1 142-1+I1 142-2| <= MINLOAD
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The timer reset characteristic is such that it resets to zero with no time 
delay on dropout when there is no permissive trip signal.  If a second 
permissive trip signal is received before the first permissive trip drops out, 
then the timer is not reset. 

2.3 The setpoint ranges determined in Reference 4.4 by analyzing the EMTP-RV 
results for Byron System Auxiliary Transformers 142-1, 142-2, 242-1, and 242-2 
are in primary (at 345 kV level) amps and listed below.  MINDETC and LLDIFF 
are determined in Attachment A of this calculation.  MINLOAD is a security 
setting and it is toggled based on plant configuration: 

ZSCL1   = 8.65 – 29.77 A ZSCL3  = 1.13 A  
ZSCL2  = 0.70 A  MINLOAD  = 1.39 A or 1.84 A 
NSCL2  = 116.6 – 167.2 A T_DELAY  = 30 cycles  
  
 

2.4 The 345 kV Transformers bushing CTs supplying the SEL-451-5 relays have a 
ratio of 600-5 A and they are operating on 200:5 A taps.  See Attachment B and 
Reference 4.4.  The accuracy class of the subject bushing CTs is C400 at 600:5 
A tap. As per Reference 4.3, Sections 5.3, 5.4, and table 6, the accuracy limit of 
metering class CTs is doubled at 10% of rated current.  For example the 1.2% 
metering class CT at 100% rated current is a 2.4% metering class CT at 10% of 
rated current. 

2.5 The SEL-451-5 relay is able to detect a minimum change in current of 0.01 A 
(secondary current) (Reference 4.17). 

2.6 The SEL-451-5 relay has a sequence accuracy of ±0.05 A plus ±3% and a phase 
current accuracy of ±0.05 A plus ±3% of setting above 0.25 A (secondary 
current) or 10.0 A primary current (Reference 4.13). The relay’s guaranteed 
sequence accuracy at 0.25 A secondary current is specified (fixed error of 0.05 A 
is 20%) to be ±23%.   
The SEL-451 relay has a quantization error (resolution of the analog to digital 
converter) that is scaled at 132 counts per secondary amp (See Section A.6.3.2 
for details) (Reference 4.16). 

2.7 The control room HVAC system is designed to provide a controlled temperature 
of 75 F ± 2°F in the auxiliary electric equipment rooms (AEER) (Reference 4.8). 

2.8 Inputs for this for the CT Burden and accuracy calculation are documented within 
Attachment D. The inputs detailed include but are not limited to the following:  CT 
ohms/turn, CT wiring, CT excitation and ratio correction factor curves, new and 
existing cable lengths, cable resistance and reactance, relay burdens, watthour 
meter burden, and transformer ratings and impedances. 
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3.0 ASSUMPTIONS 

3.1 Assumptions Requiring Verification 

There are no assumptions requiring verification. 

3.2 Assumptions Not Requiring Verification 
3.2.1 The relays will be installed in AEER and subject to control room 

environmental controls, therefore the calculation has not considered relay 
setting variation with ambient temperature in the range of 75 F ± 2°F 
(Input 2.7) as the settings are not expected to change for this small 
temperature range compared to the relay allowable operating temperature 
range of -40 F to +185°F.   

3.2.2 The natural short term drift of the SEL-451-5 relay is considered to be 
±0.0%.  This value of ±0.0% is because the relay is a computer and not a 
traditional electromechanical relay. The setting logic is computer based 
and therefore not subject to drift. 

3.2.3 The power factor of the SEL-451-5 relay burden is assumed to be unity.  
The unity power factor gives the most conservative voltage at the CT.  
Therefore this assumption is conservative and does not require 
verification. 

 

4.0 REFERENCES 
4.1 SEL 451-5 Protection, Automation, and Bay Control System (Date Code 

20120220), Specifications Pages U.1.12 through U.1.17 (Attachment  C, Pages 
C31 through C36) 

4.2 “Open Phase Detection Logic using SEL-451-5 Relay – Proof of Concept 
Testing”, SEL Project Number: P5234, dated August 24, 2012 (Rev. B), 
Retrievable as part of EC389896 and EC389897. 

4.3 IEEE C57.13-1978, IEEE Standard Requirements for Instrument Transformers.  
(Excerpt included in Attachment E) 

4.4 BYR13-176, Rev. 0, Unit 1 and 2 Loss of Phase Detection EMTP-RV Analysis. 
4.5 E-mail on P5234 Question on Power Supply Drift, information transmitted on 

9/7/2012 from Dennis Bradley (SEL) to Kirk Robbins (Exelon) (Attachment B). 
4.6 Calculation 19-AN-1, Rev. 6, “Relay Settings for the Unit 1 Generator, UAT and 

SAT”. 
4.7 Bushing CT Exciting Current Curves from Transformer Test report BYR142-1 

(Attachment E) 
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5.0 IDENTIFICATION OF COMPUTER PROGRAMS 
5.1 Mathcad Version 14.35, S&L Program Number 03.7.548-1435.  Validation 

documents for this program are maintained in the Sargent and Lundy software 
library. 
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6.0 METHOD OF ANALYSIS & ACCEPTANCE CRITERIA 

6.1 Method of Analysis 
6.1.1 SEL-451-5 Relay Setpoints based on EMTP-RV Simulation Results 

Complete (Reference 4.4)  
6.1.1.1 A relaying scheme has two alternative ways in which it can be 

unreliable: the scheme may fail to operate when it is expected 
to, or the scheme can operate when it is not expected to.  
Reliability is measured by both dependability and security. 
Dependability is defined as the measure of the certainty that the 
relays will operate correctly for all the faults for which they are 
designed to operate.  Security is the measure of certainty that 
the relays will not operate incorrectly for any fault. 
In calculating the settings the bias is towards dependability 
while always minimizing the potential for a false operation with a 
margin that accounts for the loop error tolerance. The calculated 
setting is verified by testing the logic in the test case results so 
that neither dependability nor security is compromised.   

6.1.1.2 The logic for each relay and each relay logic string (L1, L2, and 
L3) is found in Reference 4.4.  This information is used to 
determine preliminary settings. The values of Ia, Ib, Ic, I0, I1, I2, 
I1sum, Iasum, Ibsum, and Icsum for each case are listed.  The three 
individual relay logic strings L1, L2, and L3 are tabulated 
separately.  The relay settings are updated using a margin and 
the total loop tolerances (in the appropriate direction).   

6.1.1.3 The bushing CT ratio errors used for calculating each setpoint’s 
total error are calculated in Attachment D. This CT error can be 
calculated and Ratio Correction Factor multipliers applied to 
obtain the exact primary CT current. It is a non-random error.  
Similarly the CT Phase Angle Errors can be calculated and 
therefore are non-random errors. 
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6.1.1.4 For the SEL-451-5 relay the following non-random errors are not 
considered: 

 The relay accuracy with respect to temperature variation; 
because the temperature variation is small 75°F ± 2°F 
(Assumption 3.2.1) over a defined Operating Temperature 
range of -40° to 185°F. 

 The relay accuracy with respect to control voltage variation; 
because there is no variation in current pickup for a ±10% 
variation in rated power supply voltage. (Reference 4.5). 

6.1.1.5 For the SEL-451-5 relay the following random errors are not 
considered because the microprocessor relay is digital and 
setting numbers do not drift or change (Assumption 3.2.2). 

 The short term drift 
 The setting error 

The total random error is obtained by the SRSS method 
(Square root of the sum of the squares of the individual random 
errors).  
Note that the SEL-451-5 relay is a microprocessor relay and 
does not require analog input methods to set the relay. Instead 
the settings are entered as exact digital numbers. Therefore, the 
metering and test equipment error is not considered in this 
setpoint calculation. 

6.1.1.6 The total relay error in percent is equal to the sum of the 
random and non-random errors. 

6.1.1.7 A time delay of 30 cycles or 0.5 s will be selected for the SEL-
451-5 relay.  This time delay is selected to prevent SEL-451-5 
relay operation due to faults in the 345 kV switchyard cleared in 
its primary and zone 2 clearing time (See Section 7.2).  In actual 
open phase conditions, the 0.5 second delay in the SEL-451-5 
relay operation will not damage the motors due to negative 
sequence currents in the motor circuit (Refer to Reference 4.4).  
The 0.5 second time delay is short enough to prevent a unit trip 
by allowing critical motors to remain running (Reference 4.4).  

 
6.1.1.8 The flow chart below illustrates the process used to determine 

the relay settings based on the results of EMTP-RV analysis. 
The calculation details including the CT and relay loop error 
considerations are described in detail in Attachment A. 
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Condition: Variable > EMTP Established Limit
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EMTP Established 
Max Setting Limit

Acceptable Relay Setting Range

No Trip Region

Protected Region

Max Setting Limit Minus Total Loop Error

EMTP Established 
Min Setting Limit

Min Setting Limit Plus Total Loop Error
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6.2 Acceptance Criteria 
6.2.1 SEL-451-5 Relay 

The relay setpoints satisfy all the dependability criteria such that the relay 
trips for open phase conditions under all conditions above minimum load.  
The relay setpoints must minimize, to the greatest extent practically 
possible, the security issues resulting in a false trip for any events the 
relay must not trip for. 
 

6.2.2 Bushing CT Rating 
The additional relay burden must not cause twice the CT secondary 
voltage developed during a fault to exceed the knee point voltage 
(Reference 4.9). 

7.0 CALCULATIONS 
7.1 The Relay Setpoint calculations for the SEL-451-5 relays at the 345 kV level are 

contained in Attachment A. 
7.2 The open phase protection scheme time delay setting is provided to ensure that 

the scheme is secure during transmission grid disturbances and during all faults 
on the electrical auxiliary system, which are cleared without intentional time 
delay. A 0.5 seconds (30 cycles) time delay for SEL-451-5 relays has been 
determined in Reference 4.4. 

7.3 The precision of the relay for various open phase conditions is as follows: 

 For Single Grounded and Double Grounded open phase conditions, the 
L1 logic will be able to detect and trip for all conditions. 

 For Single Ungrounded and Double Grounded/Ungrounded open phase 
conditions, the L2 logic string precision is based on the LLDIFF setting, 
which requires approximately 0.5MVA of load on the SAT.  

 For Double Ungrounded open phase conditions, the L3 logic string 
precision is based on the LLDIFF setting, which requires approximately 
0.5MVA of load on the SAT.    

7.4 The CT burden and accuracy calculations are contained in Attachment D.  
 

8.0 RESULTS 
8.1 The complete results of analysis performed by this calculation can be found in 

Attachment A.  Attachment A contains details of the Relay Settings Calculation 
including the errors of measurement of the CT, the SEL-451 relay, and the 
“Setpoint Limits” used in Calculation BYR13-176, “Unit 1 and 2 Loss of Phase 
Detection EMTP-RV Analysis” (Reference 4.4). 
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8.2 ZSCL1 
After the CT errors and relay error have been accounted for the ZSCL1 setting 
limits are as follows: 
ZSCL1 Low = 11.52A 
ZSCL1 High = 24.76A 
A setpoint of 11.52A is selected. A low setting in the allowable setting range 
increases the relay sensitivity in detecting an open phase.  See Section 9.3 for 
further discussion regarding the sensitivity or the relay to an impedance 
grounded open phase condition.  

Detection 
(Relay Trips or Alarms)

Security 
(Relay Does Not Trip)

I0 > ZSCL1

ZSCL1 Upper Limit (from EMTP Analysis)

ZSCL1 Lower Limit (from EMTP Analysis)
ZSCL1 Lower Limit including Total Loop Error

ZSCL1 Upper Limit including Total Loop Error

8.65 A

29.77 A

11.52 A

24.76 A

ZSCL1 Relay Setpoint

 
 

8.3 MINDETC 
MINDETC is set at 1.16A based upon the relay sensitivity, CT ratio, and the total 
loop error.   
 

8.4 LLDIFF 
LLDIFF is set at 1.56A based upon the relay sensitivity, relay resolution, CT ratio, 
and the total loop error.  At low loading, the SAT secondaries will maintain 
balanced voltages.  Therefore, the power drawn pre and post single open phase 
will be the same.  During a single open phase, the current of the healthy phases 
will increase by at least 25% on the SAT primaries.  
 

8.5 NSCL2 
After the CT errors and relay error have been accounted for the NSCL2 setting 
limits are as follows: 
NSCL2 Low = 130.4A 
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NSCL2 High = 148.3A 
A setpoint of 148.3A is chosen. As discussed in section 7.4.2.3 of BYR13-176, 
an open phase with I2 current at this level will have enough load on the SAT to 
cause I0 current to be high enough to cause a trip of the L1 logic string.  This 
setpoint ensures that the relay will be secure for L-L faults while not lessening the 
relays ability to detect an ungrounded open phase. 

 
 

8.6 ZSCL2 
After the CT errors and relay error have been accounted for the ZSCL2 setting 
limits are as follows: 
ZSCL2 High = 0.35A 
A setpoint of 0.35A is selected.  To favor detection, the ZSCL2 setting selected is 
set based on the high setpoint limit after taking the total loop error into 
consideration. 
 

 
 

8.7 ZSCL3 
After the CT errors and relay error have been accounted for the ZSCL3 setting 
limits are as follows: 
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ZSCL3 High = 0.75A 
A setpoint of 0.75A is selected.  To favor detection, the ZSCL3 setting selected is 
set based on the high setpoint limit after taking the total loop error into 
consideration.   
 

 
 

8.8 MINLOAD 
After the CT errors and relay error have been accounted for the MINLOAD 
setting limits are as follows: 
MINLOAD with Generation: 1.79A 
MINLOAD without Generation: 2.27A 
The MINLOAD settings are determined based on the setpoint limits after taking 
the total loop error into consideration. The appropriate MINLOAD setting is 
selected based on plant configuration. MINLOAD with Generation is 1.79A and 
selected as the setting when at least one generator is connected. MINLOAD 
without Generation is 2.27A and selected when both generators are offline.  
 

9.0 CONCLUSIONS 

9.1 Relay Settings 
The specially programmed SEL-451-5 relay setpoints at the 345 kV level are as 
follows with their associated logic string (LS):   

ZSCL1 (LS1) = 11.52 A MINDETC (LS2, LS3) = 1.16 A  
ZSCL2 (LS2) = 0.35 A LLDIFF (LS2, LS3) = 1.56 A   
NSCL2 (LS2) = 148.3 A  
ZSCL3 (LS3) = 0.75 A 
T_DELAY (Common) = 0.5 s (30 cycles) 
MINLOAD (At Least One Generator Online) = 1.79 A 
MINLOAD (All Generators Offline) = 2.27 A 

With the above settings the relay can detect open phase conditions while being 
secure against faults and expected system unbalances.   
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9.2 Coordination with Downstream Devices 
The relay settings selected coordinate with downstream protective devices for 
line-to-line, line-to-ground, and balanced faults.  The relay settings selected also 
coordinate with the Emergency Diesel Generator neutral relays.   

9.3 Relay Impedance Sensitivity 

The open phase detection scheme is designed for the solidly grounded (zero 
impedance) Single or Double open phase condition, or ungrounded (infinite 
impedance) Single or Double open phase condition. The solidly grounded Single 
or Double open phase condition is detected by Logic string #1, and ungrounded 
Single or Double open phase condition is detected by Logic string #2, and Logic 
string #3, respectively. The sensitivity of the open phase detection scheme in the 
presence of impedance is discussed below. 

Under open phase condition the impedance may be present between the open 
phase conductor and the ground. 

SAT HV
Side

Transmission 
System Side

+
R

LC

b b

c c

a a

 

Impedance between Open Phase and Ground 

Logic string #1 of the Open Phase detection scheme will detect a grounded open 
phase if the zero sequence current is equal to or greater than the ZSCL1 setting. 
For Byron Station the EMTP simulations have shown that the limiting 
impedances are 10kOhms for a single open phase to ground and 6kOhms for a 
double open phase to ground. That is the open phase to ground will be reliably 
detected if the impedance between the phase and the ground is less than 
10kOhms and 6kOhms for Single Open Phase and Double Open Phase 
condition respectively. These impedance values are considered to envelope any 
practical open phase to ground impedance. 

 

The open phase sequence time line: 

T0- - Everything is operating normally. 
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T0+ - Open Phase occurs 

At this moment the voltage at the broken conductor on the SAT HV side 
(Vinduced) is a function of SAT loading at Byron nuclear station as shown in 
the figure below. Please note that this voltage is not on the system (grid or 
switchyard) side of the open conductor. Therefore, the voltage shown in 
the figure below is due to the induced voltage in SAT on the open phase. 
Under the maximum loading of the SAT the voltage across the open 
phase conductor and ground is 112.6 kV. Because of the magnitude of the 
open phase conductor to ground voltage, 112.6 kV, the material that a 
broken conductor might touch will suffer a dielectric breakdown, and 
provide a low resistance path to ground or may establish an arc.  

T t - Some time t after the open phase event occurs, the conductor will touch 
the ground or touch the structure, breaking down the di-electric of any 
material which happens to be between the conductor and the available 
ground path, thus establishing the current path to the ground. Therefore, 
an open phase conductor on the HV side of SAT starts conducting current 
to the ground. At this point in time the induced voltage in SAT is divided 
between the zero sequence impedance of the SAT and the impedance 
between the open phase conductor and ground. Please note that the zero 
sequence impedance of wye connected transformer without buried delta 
winding is quite high. In such an event (e.g. at Byron) the majority of the 
induced voltage is across the transformer zero sequence impedance and 
a relatively small voltage magnitude appears between the open phase 
conductor and ground after the current starts flowing from open phase 
conductor to ground. Therefore, the measured voltage at the open phase 
conductor will not be nominal voltage after the path for the current is 
established. 
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The methodology used for modeling high resistance arcing ground faults on high 
voltage transmission systems for digital simulations is identified in Reference 
4.22. The fault resistance to ground using this methodology is shown to be 300 
Ohms and is not dependent on voltage. Therefore, it is engineering judgment that 
the impedance to ground under an open phase condition shall not exceed 300 
Ohms. Hence, the expected impedance between the open phase and ground 
conductor is either infinite or less than 300 Ohms. 

The nominal voltage at Byron Station switchyard is 345 kV. At 345 kV the 
resistance to ground of any structure will not exceed a few hundred ohms 
(typically the maximum tower footing resistance at 345 kV would be 25 Ohms or 
less).  

The maximum expected impedance to ground of 300 Ohms for a Single Open 
phase or Double Open phase condition (either with an arcing ground fault or 
through a structure) is less than 6kOhms, therefore, the Open Phase detection 
scheme developed for Byron station will reliably detect the above mentioned 
impedance between open phase and ground condition. Furthermore, the 345 kV 
transmission system protection schemes for the dropped line considers either 
ungrounded line (infinite impedance to ground) or only impedance of few ohms to 
ground. Thus, the design of the open phase detection scheme is consistent with 
the protection schemes for the transmission system. 
Therefore, the Open Phase detection scheme developed for Byron station will 
reliably detect the impedance of 300 ohms between open phase and ground. 

10.0 ATTACHMENTS 
Attachment A: Relay Settings Calculation, SEL-451-5 Relay  A1 - A16 
Attachment B: Relaying & Metering Diagrams, Miscellaneous 
SEL-451-5 Information 

B1 - B17 

Attachment C: Doble, Omicron, and SEL-451-5 Relay Specs C1 - C36 
Attachment D: CT Burden and Accuracy Calculation D1 - D7 
Attachment E: CT Exciting Curve, CO-7 Energy Requirements, 
Watthour Meter Burden 

E1 - E15  
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Executive Summary:  
 
Two open phase detection SEL 451-5 protective relays have been installed on each unit, one for each SAT.  
These relays have been operating in the “alarm only” mode to allow the station to gather data and evaluate the 
security (vulnerability to spurious trips) of the detection scheme.  The results of the evaluation of the data will 
determine whether the trip function can be enabled.  Each open phase detection relay is sensing the Phase A (Ia), 
Phase B (Ib) and Phase C (Ic) input current to the 345 kV primary windings.  The current values (magnitude and 
phase angle) are then used within the relay to perform internal calculations to calculate for symmetrical 
components of the current, namely, values for zero sequence current (I0), positive sequence current (I1), and 
negative sequence current (I2).  The resulting values are subsequently used as inputs to two logic strings to 
determine if an open phase has occurred.  The first logic string will detect a single open phase with ground on 
the primary winding of the SAT.  The second logic string will detect an open phase with no ground on the 
primary winding of the SAT.  A third logic string is added by the updated algorithm and not installed in the relay 
during this report period; however, this logic string was reviewed against the data collected in the regression 
analysis. This logic string allows the detection of double open phase event 
 
The SEL 451 Open Phase Detection relays at Byron Station Unit 1 and Unit 2 have been connected and 
operating since November 2012.  During that time frame the relays have actuated to trip only during initial 
transformer energization.  No other event has occurred to cause the relay trip logic setpoints to be exceeded.  In 
addition, there has been no event that would have required the relay to actuate.   
 
During this time frame numerous transmission system faults have occurred.  These range from nearby, within 20 
miles, to well over that distance.  Those faults that can be correlated to relay triggered events have all been 
cleared in within 30 cycles, and normally within 10 cycles. This demonstrates the coordination between 
transmission system response to faults and the time delay setting on the relay to provide relay security from 
events that are cleared by the transmission system protective relaying system.   
 
The transmission system faults do bring the negative sequence currents above their trip setpoints; however the 
MINDETC setpoint provides a threshold for detection and the time delay setpoint provides a threshold for relay 
security.  The time delay setpoint allows the transmission system time to clear the fault.  The MINDETC setpoint 
prevents the relay from operating unless only one or two phases are severely impacted by the fault.  These 
measures have functioned to prevent spurious actuations of the relay during this monitoring period. 
 
The plant events such as, unit trips, generator load changes, switchyard voltage level changes, large motor starts, 
diesel generator operations including synching to the grid, have all occurred during this monitoring period.  In 
addition low load operation of the SAT’s occurred during the Unit 2 outage.  None of these events challenged 
the operation of the relay.  While there were triggered events due to negative sequence currents being above the 
trip setpoint, the relay security features of MINDETC and the 30 cycle time delay adequately prevented any 
spurious operation of the relay.  The zero sequence trip setpoint was only exceeded during transformer initial 
energizing. 
 
Not every possible event that could impact the relay occurred during this monitoring period.  However, the relay 
has been shown to have good security in the MINDETC and time delay setpoints.  The interaction of plant 
events has been demonstrated to have very little impact on the relay measured currents.  The relays have shown 
proper coordination with transmission events.  All of which leads to a conclusion that the relay setpoint and logic 
features are robust and can be expected to make a spurious operation unlikely.  The analysis that has been 
performed also supports this conclusion. 
 
Based on the above, the recommendation is to enable the relay trip function with the installation of EC389896 
Revision 4 for Unit 1 and 389897 Revision 4 for Unit 2 completed.  
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Purpose: 
 
Background: 
 
As a result of the open phase event that occurred on Byron Unit 2 on January 30, 2012, Exelon and S&L 
developed a relay scheme to detect an open phase on the offsite feed to the System Auxiliary Transformers 
(SATs) and initiate actions to separate the transformers from this feed on a detected loss of phase condition.  
This relay scheme utilizes microprocessor based relays with a custom algorithm.  The algorithm was developed 
based on an analytical model of the station’s Auxiliary Power System.  Extensive efforts were made to validate 
this model by reproducing the transformer test results and current readings recorded during the actual open phase 
event.  However, with any new protective relay scheme, concerns regarding security (i.e. vulnerability to 
spurious actuation) and dependability (i.e. vulnerability to not trip when required) of the scheme exist.  The 
security of this scheme is critical because a spurious actuation will cause a loss of offsite power.  Also, the 
analytical model included several assumed values because verified data was not available or was not obtainable.  
The relay scheme, therefore, is now operating in an alarm only mode.  While in this mode, Exelon is monitoring 
the performance of the relay scheme for a period of time to gain confidence in the scheme, the relay settings and 
the analytical model used to develop the settings.  The relay has the capability to capture and record raw and 
processed data.  If correlated to actual system events, the data can be used to evaluate the relay performance   

 
Engineering Changes EC389896 for Unit 1 and EC 389897 for Unit 2 installed two protective relays which will 
trip the System Auxiliary Transformers (SATs) 142-1 (242-1) and 142-2 (242-2) on a single open phase 
condition to protect the Unit Engineered Safety Features (ESF) and Non-ESF busses.  During the monitoring 
period the new relays were operating in the alarm-only configuration.  The relay tripping capability was isolated 
by open test switches.  
 
The purpose of this report is to document the results of monitoring the relay operation during normal plant 
operations from December 2012 through March 2014, and to perform a regression analysis on the data collected 
to verify the relay operation with the updated algorithm. This monitoring was done to determine if the relays 
would spuriously trip for non-loss of phase conditions and if the relay will trip for a valid loss of phase 
condition.  It was recognized that the likelihood of an open phase event during the monitoring period is 
considered extremely unlikely but possible. No open phase condition occurred during this period.  However a 
wide range of events were observed.  These include a Unit trip with a subsequent fast bus transfer, initial loading 
of a SAT, large motor starts/stops during low load outage conditions, Emergency Diesel generator operations 
including synchronizing to the grid and various transmission system faults. 
 
Relay Description 
 
This report reviews the function of the relay using the installed logic of the relay during the monitoring period.  
See attachment 2 for a description of that logic.  Subsequent to this report the logic for the relay is being changed 
to incorporate the findings of this report, and to incorporate the findings of additional calculations that have been 
performed.  The triggered events have been evaluated against the proposed new relay logic, and the results of 
that evaluation show that the relay, using the new relay logic, would not have spuriously tripped due to the 
conditions present in any of the triggered events  (see attachment 9 Regression Analysis).   
 
There are two loss of phase SEL 451-5 protective relays on each unit, one for each SAT.  Each loss of phase 
relay is sensing the Phase A (Ia), Phase B (Ib) and Phase C (Ic) input current to the 345 kV primary windings.  
The current values (magnitude and phase angle) are then used within the relay to perform internal calculations to 
calculate for symmetrical components of the current, namely, values for zero sequence current (I0), positive 
sequence current (I1), and negative sequence current (I2).  The resulting values are subsequently used as inputs 
to two logic strings to determine if a loss of phase has occurred.  The first logic string will detect a single open 
phase with ground on the primary winding of the SAT.  The second logic string will detect an open phase with 
no ground on the primary winding of the SAT.  A third logic string is added by the updated algorithm and not 
installed in the relay during this report period; this logic string was reviewed against the data collected in the 
regression analysis. Refer to attachment 2 of this report for the setpoints and logic installed in the relay during 
this monitoring period. 
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The relay triggers used for the majority of the reporting period are as follows: 
 
Quantity / Logic Trigger Setting Relay Word Bit 
Existing Logic String 1 Trip Rising Edge (Logical True) LI_T 
Existing Logic String 2 Trip Rising Edge (Logical True) L2_T 
Front Panel Push Button #5 Rising Edge (Push Button Pressed) PB5_PUL 
Negative Sequence Current > 0.60 Amps, primary (1) PCT05Q 
2nd Harmonic Current > 5.25% of fundamental PCT06Q 
5th Harmonic Current > 5.25% of fundamental PCT07Q 
Zero Sequence Current > 5 Amps, primary PCT08Q 
LS2 Detection String= True AND 
LS2 Security String = False 

Rising Edge (Logical True) PSV60 

Notes: 
 1)  Trigger setpoint for negative sequence current was increased from 0.3A to 0.6A in January 2013 

 
The harmonic triggers were originally set in because the original logic for the relay used a harmonic block to act 
as a security element for some events.  With further reviews and field experience, it was determined that the 
harmonics were not suitable for use as a security element, and were removed from the relay logic.  They, 
however, remained in the trigger settings.  As such the relay operation is not impacted, and does not utilize 
harmonics for the relay algorithm, other then the legacy aspect of providing a trigger. 
 
Data Collection 
 
To collect the data the relay detected, triggers were set to initiate a data recording.  This recording, called a 
triggered event, recorded the primary current values and the sequence components of this current, namely, into 
negative and zero sequence currents, as well as determining the 2nd and 5th harmonic components present.   The 
relay, once triggered would record approximately 1 second of this data and store it as a data file.  This data file 
was then downloaded from the relay and printed out to determine the various current components present at the 
relay triggered event.  These events are attached to this report as .pdf files in attachment 8.   The electronic data 
files recorded by the relay are transmitted separate from the report and are available for review as needed. 
 
The captured trigger events were then cross correlated with the station control room logs to attempt to identify if 
a station activity, such as starting a large motor, would affect the relay.  This correlation is to review if normal or 
abnormal station activities can cause a spurious actuation of the relay.   
 
The captured trigger events were also cross correlated with transmission system events.  This was accomplished 
by sending a log of events to Commonwealth Edison and having them compare the time and date stamps of the 
triggered event against their transmission system event logs.  This correlation is to review if normal transmission 
faults can cause a spurious actuation of the relay. 
 
Inputs: 
 
The report inputs consist of: 

 Relay files with triggered events.  These are listed on Attachment 1, event log. There are over 500 event 
triggers reviewed during the monitoring period from December 2012 through July 2013.  These consist 
of 177 events from SAT 142-1, 139 events from SAT 142-2, 240 events from SAT 242-1 and 175 
events from SAT 242-2.    

 Control room logs that were obtained through the Exelon LAN. 
 Commonwealth Edison review of selected triggered events.  The time and date for selected events were 

sent to Commonwealth Edison for review against their transmission system event log.  The response 
identified system events that occurred at the approximate time of the relay trigger event.  There were 20 
relay events that are considered possible correlations.   
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References: 
 

 Analysis BYR12-145 rev 0 (attachment 2a) 
 “An Improved Transformer Inrush Restraint Algorithm” Bogdan Kasztenny and Ara Kulidjian, 53rd 

Annual Conference of Protective Relay Engineers (attachment 2b) 
 
Method of Analysis 
 
The relay files are read using the computer program from SEL “AcSELerator Analytic Assistant” version 
2.3.21.6.  This program converts the .csv (comma separated variable) file that is recorded by the SEL relay when 
a trigger event occurs.  Using this program the contents of the .csv file can be displayed graphically as a chart, 
phasor diagram, or numerically.  For all cases in the report the chart form was used.   
 
The resultant chart was then reviewed to determine, in part, the following: 
 

 What caused the trigger to actuate? 
 Did, or would the relay have actuated to cause a trip? 
 What type of event does the waveform suggest?  Events such as a load starting, or a transmission 

system fault, or a low level transmission system imbalance? 
 Did multiple relays trigger at the same time?   

 
The triggered events were then compared to the station control room logs to check for any corresponding plant 
activity that may have caused the relay to trigger. 
 
The triggered events that show up on more then one relay, and had a characteristic square wave of I0 and/or I2 
with values a few amps above the baseline, were sent to Commonwealth Edison to compare to their transmission 
event logs.  A large number of these events could not be correlated accurately to the Commonwealth Edison 
event logs.  These are not recorded in the table below.   
 
In addition to the above, the control room logs were reviewed to identify significant operations, such as an 
emergency diesel synch to the grid, large motor starts, to verify these did not cause a triggered event. 
 
The above data was then reviewed to determine if there were any correlations.  These correlations were then 
identified. 
 
Discussion: 
 
Transmission system event discussion: 
 
Correlation chart between transmission events and relay triggered recordings 
 

Relay  Transmission 
Relay Trigger Date/Time File # Time Description 

  Event 1    
142-1 PCT05Q 12.20.12 / 13.18.52 C4-11515 
142-2 PCT05Q 12.20.12 / 13.18.31 C8-10072 

13.20.00 345kV line out of Nelson BC fault 

  Event 2    
142-1 PCT05Q 12.20.12 /  13.39.12 C4-11516 
142-2 PCT05Q 12.20.12 / 13.38.50 C8-10073 

13.40.58 345kV line out of Quad Cities AB fault 

  Event 3    
142-1 PCT05Q 12.20.12 / 13.42.24 C4-11517 
142-1 PCT05Q 12.20.12 / 13.42.25 C4-11518 
142-2 PCT05Q 12.20.12 / 13.42.02 C8-10074 
142-2 PCT05Q 12.20.12 / 13.42.04 C8-10075 

13.44.10 345kV line out of Quad Cities AB fault 
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  Event 4    
142-1 PCT05Q 12.20.12 / 20.01.33 C4-11530 
242-2 PCT05Q 12.20.12 / 20.07.32 C4-35936 

20.03.19 345kV line out of Cherry Valley (see 
Note 1) 

  Event 5    
142-1 PCT05Q 12.21.12 / 00.42.04 C4-11538 
142-1 PCT05Q 12.21.12 / 00.42.07 C4-11539 
242-1 PCT05Q 12.21.12/ 00.43.08 C4-19127 
242-1 PCT05Q 12.21.12 / 00.43.11 C4-19128 
242-2 PCT05Q 12.21.12 / 00.43.04 C4-35951 
242-2 PCT05Q 12.21.12 / 00.43.07 C4-35952 

00.42.04 138kV line out of Cherry Valley – 
operated a number of times 

  Event 6    
142-1 PCT05Q 4.10.13 / 06.16.57 C4-11684 
142-2 PCT05Q 4.10.13 / 06.16.39 C4-10118 
242-1 PCT05Q 4.10.13 / 06.17.56 C4-25910 

06.20.14 Concurrent C-Grd faults on 138kV 
L15622/15626 at Cherry Valley (see 
Note 2) 

  Event 7    
142-1 PCT05Q 4.23.13 / 14.05.52 C4-11705 
142-2 PCT05Q 4.23.13 / 14.05.34 C4-10124 

14.09.18 A&B fault on 138kV line 12205 at 
Belvidere 

  Event 8    
142-1 PCT05Q 5.1.13 / 20.46.22 C4-11710 
142-1 PCT05Q 5.1.13 / 20.46.25 C4-11711 
142-2 PCT05Q 5.1.13 / 20.46.04 C4-10126 
242-2 PCT05Q 5.1.13 / 20.47.21 C4-22411 

20.29.59 Two A-C faults on 138kV line 11902 at 
Elroy 

  Event 9    
142-1 PCT05Q 6.4.13 / 10.56.08 C4-11718 
142-2 PCT05Q 6.4.13  / 10.55.51 C4-10136 

11.00 345kV L0401 Quad Cities, B Grd fault 

  Event 10    
142-1 PCT05Q 6.7.13 / 14.23.13 C4-11719 
142-2 PCT05Q 6.7.13 / 14.22.50 C4-10137 
242-1 PCT05Q 6.7.13 / 14.24.03 C4-18712 
242-2 PCT05Q 6.7.13 / 14.24.06 C4-22421 

14.28 345kV L15503 Nelson to Cordova, B 
Grd fault 

  Event 11    
142-1 PCT05Q 6.8.13 / 12.21.35 C4-11722 
142-2 PCT05Q 6.8.13 / 12.21.18 C4-10140 
242-1 PCT05Q 6.8.13 / 12.22.31 C4-18715 
242-2 PCT05Q 6.8.13 / 12.22.35 C4-22424 

12.25 345kV L0401 Quad Cities to Sub 91 B 
Grd fault 

  Event 12    
142-1 PCT05Q 6.11.13 / 10.23.13 C4-11723 
142-2 PCT05Q 6.11.13 / 10.23.23 C4-10141 
242-1 PCT05Q 6.11.13 / 10.24.36 C4-18716 
242-2 PCT05Q 6.11.13 / 10.24.40 C4-22425 

10.28 345kV L0401 Quad Cities to Sub 91 B 
Grd fault 

  Event 13    
142-1 PCT05Q 6.11.13 / 17.33.33 C4-11724 
142-2 PCT05Q 6.11.13 / 17.33.16 C4-10142 
242-1 PCT05Q 6.11.13 / 17.34.29 C4-18717 
242-2 PCT05Q 6.11.13 /  17.34.32 C4-22426 

17.36 345kV L0401 Quad Cities to Sub 91 B 
Grd fault 

  Event 14    
142-1 PCT05Q 12.15.13/19.26.52 C4-11659 
142-2 PCT05Q 12.15.13/19.26.41 C4-11140 
242-1 PCT05Q 12.15.13/19.27.39 C4-18751 
242-2 PCT05Q 12.15.13/19.27.57 C4-22461 

19.34 One C-Grd fault on 138kV L17113 
(TSS171 Wempletown to TSS194 
Sabrooke) 

  Event 15    
142-1 PCT05Q 12.19.13/18.09.48 C4-11760 
142-2 PCT05Q 12.19.13/18.09.38 C4-11141 

18.17 A-Grd fault on 138kV L11323 
(TSS113 Waterman to TSS83 Glidden 
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242-1 PCT05Q 12.19.13/18.10.35 C4-18752 
242-2 PCT05Q 12.19.13/18.10.54 C4-22462 

to TSS94 Haumesser Road) 

  Event 16    
142-1 PCT05Q 12.19.13/18.34.33 C4-11761 
142-2 PCT05Q 12.19.13/18.34.34 C4-11142 
242-1 PCT05Q 12.19.13/18.35.20 C4-18753 
242-2 PCT05Q 12.19.13/18.35.39 C4-22463 

18.41 A-Grd fault on 138kV L11323 
(TSS113 Waterman to TSS83 Glidden 
to TSS94 Haumesser Road) 

  Event 17    
142-1 PCT05Q 12.19.13/19.17.47 C4-11762 
142-2 PCT05Q 12.19.13/19.17.37 C4-11143 
242-1 PCT05Q 12.19.13/19.18.34 C4-18754 
242-2 PCT05Q 12.19.13/19.18.53 C4-22464 

19.25 A-Grd fault on 138kV L11323 
(TSS113 Waterman to TSS83 Glidden 
to TSS94 Haumesser Road) 

  Event 18    
142-1 PCT05Q 1.6.14/1.36.15 C4-11768 
142-1 PCT05Q 1.6.14/1.36.26 C4-11769 
142-2 PCT05Q 1.6.14/1.36.06 C4-11146 
142-2 PCT05Q 1.6.14/1.36.16 C4-11147 
242-1 PCT05Q 1.6.14/1.37.01 C4-18764 
242-1 PCT05Q 1.6.14/1.37.12 C4-18765 
242-2 PCT05Q 1.6.14/1.37.22 C4-22474 
242-2 PCT05Q 1.6.14/1.37.32 C4-22475 

01.45 Two C-Grd faults on 69kV L69BT5-
PT5 (TSS163 Roscoe Bert to TSS162 
Pierpont).  The line reclosed about 10 
seconds after the initial fault and the 
69kV breaker failed resulting in a 
breaker failure operation (BF time)  
Note that by design, the 69kV lines in 
Rockford do not use pilot or high-speed 
relay schemes so primary tripping may 
be time delayed. 

  Event 19    
242-1 PCT05Q 1.24.14/8.00.14 C4-18769 
242-2 PCT05Q 1.24.14/8.00.36 C$-22480 

08.07 B-Grd fault on 345kV L0404 (STA04 
Quad Cities to ESSH471 Sterling Steel) 

  Event 20    
142-1 PCT05Q 1.24.14/8.29.05 C4-11778 
142-1 PCT05Q 1.24.14/8.29.05 C4-11779 
142-2 PCT05Q 1.24.14/8.28.56 C4-11151 
142-2 PCT05Q 1.24.14/8.29.02 C4-11152 
242-1 PCT05Q 1.24.14/8.29.50 C4-18770 
242-1 PCT05Q 1.24.14/8.29.56 C4-18771 
242-2 PCT05Q 1.24.14/8.30.12 C4-22481 
242-2 PCT05Q 1.24.14/8.30.18 C4-22482 

08.37 B-Grd fault on 345kV L0404 (STA04 
Quad Cities to ESSH471 Sterling Steel) 

Note:  The referenced relay charts are in Attachment 3 
Note 1:  Relay 142-2 had an overwrite for the period of time where this fault was occurring and therefore did not have a record of 
this time frame. 
Note 2: Relay 242-2 had an overwrite for the period of time where this fault was occurring and therefore did not have a record of 

this time frame. 
 
The transmission event to relay trigger events comparison is made difficult since the time stamps used in the 
relays are not synchronized.  The transmission system logs use a national standard as a time stamp and are 
automatically corrected to the standard.  The relay time stamps are based solely on the inputted time when the 
relay was originally set along with natural instrument drift, and has no automatic corrections.  
 
A second problem arises out of the relay overwriting files.  The relay has a finite data storage capacity to store 
triggered event files, when triggered events exceed the data storage capacity of the relay the earlier files are 
overwritten.  This results in data being lost and prevents all four relays from being able to have charts stored for 
each of the above listed events. 
 
The above chart identifies the best estimates of the correlation between logged transmission events and relay 
trigger events. 
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These transmission system induced triggered events have some common characteristics.  First, the phase currents 
show the impact of the fault.  On a ground fault (see event 10) one phase will go high, and the two unaffected 
phases will reduce in magnitude.  For a phase to phase fault (see event 1) the two faulted phases will increase, 
and have their phase angle difference reduced, while the unaffected phase reduces in magnitude. 
 
In all cases though, the negative sequence current will show as a ‘square wave’ on the chart, with the rise and fall 
of the wave corresponding to the event initiation and conclusion.   This negative sequence current frequently 
exceeds the trip setpoint of 0.6A.  The zero sequence current does increase, but by a small amount on 
transmission system events.  The impact of the ground fault out in the transmission system on the SAT is 
minimized by the impedance created by the distance from the fault, and the SAT internal impedance.  The closer 
the fault is to the SAT the larger I0 will become.  For all recorded cases, I0 was at most 2A, which is much lower 
then the zero sequence trip setpoint of 9.9A.   In addition the recorded event duration never exceeded 20 cycles, 
and was normally less then 10 cycles for any transmission related events. 
 
A time delay of 30 cycles is used to block a relay trip actuation; this was selected, in part, to coordinate with the 
transmission systems protection relaying.  The recorded events confirm that the transmission system responded 
and cleared the events within that 30 cycle time delay during this monitoring period. 
 
The MINDETC variable is used to detect a loss of phase condition and will prevent a relay trip actuation if all 
three phase currents are larger then 0.92A.  This value for MINDETC, 0.92A, was selected, in part, to ensure 
that the event causing the negative sequence currents was an actual loss of phase, and not just an imbalance 
between the phases.  The recorded events confirm that MINDETC did perform that function.   
 
During the course of the monitoring period many events occurred on the transmission system.  Events, such as 
lightning strikes, tornado damage, unit trips, line outages, and many other major events occurred.  While the 
relay may have been triggered by some of these, the relay trip logic was never activated by any of these. 
 
For all these events the relay did not trip.  The negative sequence current was above the trip setpoint; however 
the time delay of 30 cycles and the requirement to have one phase less then MINDETC of 0.92A prevented the 
relay trip.  No transmission event had a zero sequence current approach the trip setpoint.  Therefore the relay 
security measures functioned as expected and prevented the relay from operating inappropriately for the 
transmission events that occurred during this monitoring program. 
 
System Imbalance Discussion 
 
A second type of transmission system configuration causing relay triggers is due to an apparent imbalance in the 
transmission system.  Examples of this type of event are in Attachment 4 of the report.  The negative sequence 
current is at 0.6A to 1A over long periods of time, oscillating around the trigger setpoint.  These events can run 
for 12 triggers and up.  Reviews of the operations log does not provide any correlation to the negative sequence 
current at the relay.  These values are indicative of a slight system imbalance.  While the negative sequence 
currents do exceed the trip value, and the time delay of 30 cycles is exceeded during some events, the 
requirements for MINDETC to detect an open phase prevented the relay trip.  This detection feature, MINDETC, 
provides protection even during low load operations (above 1.3MVA loading or approximately 2.3A primary 
side) during outages where the SAT primary side currents can drop below 3A due to low loading. 
 
None of the above transmission system related triggered events posed a challenge to the relay to operate 
spuriously.  The relay detection measure of MINDETC and the security feature of the time delay functioned as 
designed, to prevent a spurious actuation. 
 
Fast Bus Transfer: 
 
On March 20, 2013 Byron Unit 2 tripped from power.  An immediate consequence of the trip was that the loads 
that were on the Unit Auxiliary Transformers (UAT) fast transferred to the associated System Auxiliary 
Transformer (SAT).  This event was captured on a trigged event on the relay on SAT 242-1, and it is attached as 
Attachment 5.   The chart shows the rapid increase in SAT loading from 17A to 180A, then a reduction in the 
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total load to stabilize at 54A.  The high spike is caused by the new loads closing into the SAT, and having been 
without power for a few cycles, the loads required a current inrush.  This quickly, about 20 cycles, stabilized to 
the new load. 
 
During the event the zero sequence currents rose to a peak of 5A and maintained a value above the trip setpoint 
for longer then 30 cycles.  The relay trip was blocked by the detection feature provided by MINDETC in that the 
minimum current never dropped below the initial 17A. The zero sequence current is calculated by the relay 
based on individual phase current measurements. Inaccuracy in the phase current measurements can result in 
zero sequence current being calculated by the relay. After the event, the calculated zero sequence current is 
approximately 2-3% of the phase currents, which is within the range of error that is accounted for in the relay 
setpoints.   The negative sequence current rose to a peak of 7.6A and quickly, within 30 cycles, decayed to about 
1.5A. This negative sequence current spike is expected immediately following the fast bus transfer because the 
motors being transferred to the SAT may be out of phase with the SAT source at the time of the transfer.  
 
The fast bus transfer did not pose a challenge to the relay to operate spuriously.  The relay detection measures of 
MINDETC functioned as designed, to block a spurious actuation. 
 
Outage, low load discussion 
 
The Plant Control Room Logs were reviewed for the Unit 2 outage.  All of the triggered events were compared 
to determine if a triggered event corresponded to a plant event. After that review, the logs were checked to 
determine if any large loads were started or load swings occurred on the units.  There were a number of large 
4kV and 6.9kV loads started with the SAT at low load (5A) these included the RH, SI, CC, CS, CD/CB and CV 
pumps.  These starts did not correlate with any triggered events.  There were only two triggered events that show 
a connection of a plant event to the relay trigger setpoint. 
 
On 4/11 an event was captured during the outage during EDG testing.  There was approximately 5A of current 
flowing from one SAT to the other SAT during the diesel test.  The current in all three phases at the common 
connection point was only around 1A because the output of the EDG nearly matched the Unit 2 load.  The event 
report was captured because one phase at the common connection fell below MINDETC and the other two 
phases at SAT 242-1 were above LLDIFF.  This condition met one of the criteria for open phase detection, with 
the MINDETC and LLDIFF current levels met.  The relay did not actuate to trip since the negative sequence 
current, a second element required to detect an open phase was below its setpoint, and the zero sequence current 
was below its security value provided by NSCL1 (0.6A).    
 
The above condition was discovered during the regression analysis.  The relay logic for detecting an open phase 
upstream of the common connection point was modified to prevent the EDG operation from challenging the 
relay security limits. 
 
On 4/12 while the unit 2 SAT’s were loaded at 2.5A the 1B EDG had it’s emergency start surveillance, where 
bus 142 is de-energized from the SAT, and the EDG starts and loads.  This activity did not generate a triggered 
event.  At 18:24 bus 142 was restored, and appears to have put a load on SAT 242-2.  This did generate a 
triggered event on harmonics greater then 15% (see Attachment 6 chart 1).  The SAT load increased from 2.5A 
to 5A on a slow increase.  There was no challenge to the relay actuation since negative sequence and zero 
sequence currents remained below their setpoints for the whole event. 
 
On 4/14 while the Unit 2 SAT’s were loaded at 2.5A, there was a triggered event at 22.16 (Attachment 6 chart 2a 
and b), that appears to be a motor start.   A review of the station logs shows the 1B CD/CB pump being started at 
22:13.  The unit 1 pump should not impact the primary side current on the unit 2 SAT’s, therefore this load is not 
considered to correlate with the triggered event.  There were no other logged events within 1 hour of this 
triggered event that could have caused the load change on the SAT.  There was no challenge to the relay 
actuation since negative sequence and zero sequence currents remained below their setpoints for the whole 
event. 
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The result of the review of the relay triggered events to the unit logs during the outage only indicated two 
possible correlated events.  Both of these events triggered the relay on high harmonics.  The negative sequence 
and zero sequence currents both remained below their trigger and trip setpoints.  There was no challenge to the 
relay to spuriously operate. See attachment 6 Low Load Discussion for a more detailed explanation of the relay 
logic associated with these events. 

 
Transformer loading and energizing  
 
The transformer initial energizing was captured for both the SAT 142-1 and SAT 142-2 transformers on 
11/12/2012 and for SAT 142-2 on 3/15/2014. This activity did cause the relay to trip.  The same event occurred 
at Braidwood Station when the SAT’s were initially energized.  The cause of the relay actuation was zero 
sequence current greater then 10A for longer then 30 cycles. 
 
The characteristic of the currents that caused the trip is due to the process of closing into the de-energized 
transformer.  Initial magnetizing due to switching a transformer in is considered the most severe case of an 
inrush.  When a transformer is de-energized, the magnetizing voltage is taken away, the magnetizing current 
goes to zero, while the flux follows the hysteresis loop of the core.  This results in certain remnant flux left in the 
core.  When afterwards, the transformer is re-energized by an alternating sinusoidal voltage the flux becomes 
also sinusoidal but biased by the remanence.  The residual flux may be as high as 80-90% of the rated flux, and 
therefore, it may shift the flux-current trajectories far above the knee-point of the characteristic resulting in large 
peak values of current.  The waveform created displays a large and long lasting dc component and assumes large 
peak values at the beginning (up to 30 times the rated voltage), then decays away after a few cycles, but its full 
decay occurs only after several seconds.   This is what caused the SEL relay to actuate to trip the SAT at 
Braidwood Station. (see reference 2 for more details)       

 
This is a recognized issue with the relay setpoints.  In addition, the cause of the trip is understood and it is 
expected that the relay trip setpoints will be exceeded.  Currently the plant design requires that the relay trips be 
manually isolated during the transformer energizing activities.  
 
There are triggered events that show the initial loading of the 142-1 and 142-2 transformers, these are in 
attachment 7.  These events triggered due to high 2nd and 5th harmonics.  The negative sequence currents and 
zero sequence currents stayed below there setpoint values, and did not challenge the relay actuation. 
 
Relay Logic and Setpoint Updates  
 
Several modifications have been made to the original logic and setpoints since the SEL 451 Loss of Phase relays 
at Byron Station Unit 1 and Unit 2 were originally installed and enabled in alarm only mode. The changes 
include: the addition of a third logic string to detect an ungrounded double open phase event, modification of the 
single ungrounded open phase detection string, and setpoint tweaks based on the final EMTP analysis. The 
analog event report data (current v. time) captured by the relays during the monitoring period was evaluated 
against the final relay logic and settings via computer simulation. This analysis is documented in attachment 9. 
The analysis concludes that the final relay logic and setpoints are secure for all events captured during the 
monitoring period.  
 
The analysis conducted above identified two potential events that could have caused the relay to spuriously trip.  
A relay trip would have occurred for the C8_10045, C8_10046, and C8_10048 events captured on SAT 142-2.  
These events, and all other events recorded on 11/12/12, were captured during transformer energization. The 
relay picked up and timed out on the unbalanced current seen during transformer inrush. The relay will be 
manually disabled during transformer energization to prevent spurious trips. Therefore, these cases do not 
indicate a potential relay issue. Waveform plots for event C8_10046 are included in Attachment A. 
 
The analysis also showed a potential spurious trip for the events captured on 4/11/13. These events were 
captured during a Unit 2 outage concurrent with EDG testing. During the event, there was approximately 5 A of 
current flowing from one SAT to the other SAT during the diesel test. The current in all three phases at the 
common connection point was only around 1 A because the output of the EDG nearly matched the Unit 2 load. 
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The event report was captured because one phase at the common connection fell below MINDETC and the other 
two phases at SAT 242-1 were above LLDIFF (note the original logic compares the calculated common 
connection point current with the individual SAT currents). The relay did not actuate to trip since the negative 
sequence current was less than NSCL1 (0.6A). However, these events exposed a vulnerability in the preliminary 
logic updates for single and double ungrounded open phase detection (LS2 & LS3), which were not implemented 
in the relay on 4/11/13. The logic for single and double ungrounded open phase detection upstream of the 
common connection point has since been modified to separate the comparison of calculated common connection 
point currents from the comparison of the individual SAT currents, thus eliminating the vulnerability during 
EDG testing. The final analysis shows that the 4/11/13 events would not challenge the security of the final relay 
logic and setpoints 
 
The regression analysis was performed against the setpoints for the relay identified in BYR13-177 Rev0 Unit 1 
and Unit 2 Loss of Phase Detection Relay Settings dated 3/19/14. The lessons learned from the transformer 
energization and the EDG testing, as well as updates to various calculations were used in determining these 
setpoints.  As demonstrated in the attached “Regression Analysis of Byron Open Phase Detection Relay Event 
Reports” (Attachment 8) the setpoints described in the referenced calculation would not have created a spurious 
trip of the relay for those events, or any other of the captured events.   
 
Conclusion: 
 
The SEL 451 Loss of Phase relays at Byron Station Unit 1 and Unit 2 have been connected and operating since 
November 2012.  During that time frame the relays have actuated to trip only during initial transformer 
energization.  No other event has occurred to cause the relay trip logic setpoints to be exceeded.  In addition, 
there has been no event that would have required the relay to actuate.  The open phase condition that did occur 
was cleared by the undervoltage relays, and the fault was cleared before the 30 cycle time delay would have 
allowed the relay to actuate. 
 
During this time frame numerous transmission system faults have occurred.  These range from nearby, within 20 
miles, to well over that distance.  Those faults that can be correlated to relay triggered events have all been 
cleared in within 30 cycles, and normally within 10 cycles. This demonstrates the coordination between 
transmission system response to faults and the time delay setting on the relay to provide relay security from 
events that are cleared by the transmission system protective relaying system.   
 
The transmission system faults do bring the negative sequence currents above their trip setpoints; however the 
MINDETC setpoint provides a threshold for detection and the time delay setpoint provides a threshold for relay 
security.  The time delay setpoint allows the transmission system time to clear the fault.  The MINDETC setpoint 
prevents the relay from operating unless only one or two phases are severely impacted by the fault.  These 
measures have functioned to prevent spurious actuations of the relay during this monitoring period. 
 
The plant events such as, unit trips, generator load changes, switchyard voltage level changes, large motor starts, 
diesel generator operations including synching to the grid, have all occurred during this monitoring period.  In 
addition low load operation of the SAT’s occurred during the Unit 2 outage.  None of these events challenged 
the operation of the relay.  While there were triggered events due to negative sequence currents being above the 
trip setpoint, the relay security features of MINDETC and the 30 cycle time delay adequately prevented any 
spurious operation of the relay.  The zero sequence trip setpoint was only exceeded during transformer initial 
energizing. 
 
The values recorded by the relay were within those expected for transmission events, and plant operation events. 
The exception is the I0 used for a trigger was set higher then the maximum predicted I0 in the EMTP 
transmission analysis.  There were no instances, other then the transformer energizing activities, where I0 caused 
a triggered event.  With the I0 trigger set at 5A and the I0 trip at 10A the monitoring period documented that the 
value for I0 was sufficiently high to differentiate events causing I0 from open phase events. In this manner the 
basis for the values used in determining the relay setpoint appear to be consistent with the actual negative and 
zero sequence currents measured by the relay. 
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Not every possible event that could impact the relay occurred during this monitoring period and no absolute 
conclusion can be drawn from a review of the events that did occur.  However, the relay has been shown to have 
good security in the MINDETC and time delay setpoints.  The interaction of plant events has been demonstrated 
to have very little impact on the relay measured currents.  And transmission events have been shown to be 
properly coordinated with.  All of which leads to a conclusion that the relay setpoint and logic features are robust 
and can be expected to make a spurious operation unlikely. 
 
Based on the above, the recommendation is to enable the relay trip function with the installation of EC389896 
Revision 4 for Unit 1 and 389897 Revision 4 for Unit 2 completed. 
 



BAR 1-20-E5
Revision 4
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Continuous Use

SAT 142-1
LOSS OF PHASE

ALARM NO: 1-20-E5

SETPOINT: None.

A. PROBABLE CAUSE:

1. Loss of phase on the high side of SAT 142-1.

B. AUTOMATIC ACTIONS:

1. Trip of SAT 142-1 and SAT 142-2.

C. OPERATOR ACTIONS:

1. IF all AC Power is lost, REFER to 1BCA 0.0, Loss of All AC Power Unit 1.
2. IF only one 4KV ESF Bus (141 or 142) is deenergized and emergency 

procedures are NOT in effect, GO to 1BOA ELEC-3, Loss of a 4KV ESF Bus 
Unit 1.

3. IF a loss of offsite power occurred and no Safety Injection has occurred, GO to 
1BOA ELEC-4, Loss of Offsite Power Unit 1.

4. If Diesel Generator started, DISPATCH operator to check for proper operation.
5. INITIATE corrective action.
6. RESET targets on Loss of Phase Relay 1PA55J-851PST11 by Pressing the 

“Target Reset” button.

D. S.E.R. PRINTOUT:

1. 1058 SAT 142-1 LOSS OF PHASE ACTUATED.

E. REFERENCES:

1. S&L INSTRUMENT NUMBER: 1UL-AN023.
2. S&L BOX NUMBER:  17.
3. SENSOR DESIGNATION:  851PST11.
4. ELECTRICAL PRINT:  6E-1-4016C, 6E-1-4030AP01.
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Continuous Use

SAT 142-2
LOSS OF PHASE

ALARM NO: 1-20-E6

SETPOINT: None.

A. PROBABLE CAUSE:

1. Loss of phase on the high side of SAT 142-2.

B. AUTOMATIC ACTIONS:

1. Trip of SAT 142-1 and SAT 142-2.

C. OPERATOR ACTIONS:

1. IF all AC Power is lost, REFER to 1BCA 0.0, Loss of All AC Power Unit 1.
2. IF only one 4KV ESF Bus (141 or 142) is deenergized and emergency 

procedures are NOT in effect, GO to 1BOA ELEC-3, Loss of a 4KV ESF Bus 
Unit 1.

3. IF a loss of offsite power occurred and no Safety Injection has occurred, GO to 
1BOA ELEC-4, Loss of Offsite Power Unit 1.

4. If Diesel Generator started, DISPATCH operator to check for proper operation.
5. INITIATE corrective action.
6. RESET targets on Loss of Phase Relay 1PA55J-851PST12 by Pressing the 

“Target Reset” button.

D. S.E.R. PRINTOUT:

1. 1500 SAT 142-2 LOSS OF PHASE ACTUATED.

E. REFERENCES:

1. S&L INSTRUMENT NUMBER: 1UL-AN023.
2. S&L BOX NUMBER:  17.
3. SENSOR DESIGNATION:  851PST12.
4. ELECTRICAL PRINT:  6E-1-4016C, 6E-1-4030AP02.
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Revision 3
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Continuous Use

SAT 142-1
LOW LOAD/
TROUBLE

ALARM NO: 1-20-E7

SETPOINT: See Below.

A. PROBABLE CAUSE:

1. Low load on SAT 142-1
(0.8 Amps input to 345 kV Winding approximately 500 kVA total SAT load).

2. Fault condition detected in relay 851PST11.

B. AUTOMATIC ACTIONS:

1. None.  However, under low load conditions, some loss of phase conditions 
cannot be detected.

C. OPERATOR ACTIONS:

1. Monitor front panel indications on Relay 851PST11 at Panel 1PA55J.
2. Determine if alarm is caused by low load or relay trouble.
3. IF alarm was caused by low load on SAT 142-1, THEN raise load on SAT to      

> 500 kVA to clear alarm.
4. If alarm was caused by low load and cannot be cleared, THEN initiate 1BOL 

AP1.
5. IF alarm was caused by Relay 851PST11 trouble (SER 1061), THEN INITIATE 

corrective action.  Designate Operator to monitor ESF 4KV bus ‘C’ Phase and 
open affected SAT feed breakers within 30 seconds if voltage is below 3850V.  
See S.O. 12-006.

D. S.E.R. PRINTOUT:

1. 1061 SAT 142-1 LOSS OF PHASE RELAY TROUBLE ACTUATED.
2. 1063 SAT 142-1 LOW LOAD ACTUATED.

E. REFERENCES:

1. S&L INSTRUMENT NUMBER: 1UL-AN023.
2. S&L BOX NUMBER:  17.
3. SENSOR DESIGNATION:  851PST11.
4. ELECTRICAL PRINT:  6E-1-4016C, 6E-1-4030AP01.
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Continuous Use

SAT 142-2
LOW LOAD/
TROUBLE

ALARM NO: 1-20-E8

SETPOINT: See Below.

A. PROBABLE CAUSE:

1. Low load on SAT 142-2.
(0.8 Amps input to 345 kV Winding approximately 500 kVA total SAT load).

2. Fault condition detected in relay 851PST12.

B. AUTOMATIC ACTIONS:

1. None.  However, under low load conditions, some loss of load conditions cannot 
be detected.

C. OPERATOR ACTIONS:

1. Monitor front panel indications on Relay 851PST12 at Panel 1PA55J.
2. Determine if alarm is caused by low load or relay trouble.
3. IF alarm was caused by low load on SAT 142-2, THEN raise load on SAT to       

> 500 kVA to clear alarm.
4. If alarm was caused by low load and cannot be cleared, THEN initiate 1 BOL 

AP1.
5. IF alarm was caused by Relay 851PST12 trouble (SER 1637), THEN INITIATE 

corrective action.  Designate Operator to monitor ESF 4KV bus ‘C’ Phase and 
open affected SAT feed breakers within 30 seconds if voltage is below 3850V.  
See S.O. 12-006.

D. S.E.R. PRINTOUT:

1. 1501 SAT 142-2 LOW LOAD ACTUATED.
2. 1637 SAT 142-2 LOSS OF PHASE RELAY TROUBLE ACTUATED.

E. REFERENCES:

1. S&L INSTRUMENT NUMBER: 1UL-AN023.
2. S&L BOX NUMBER:  17.
3. SENSOR DESIGNATION:  851PST12.
4. ELECTRICAL PRINT:  6E-1-4016C, 6E-1-4030AP02.
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NORMAL AND RESERVE OFFSITE AC POWER AVAILABILITY WEEKLY SURVEILLANCE

A. STATEMENT OF APPLICABILITY:

This procedure applies to the weekly verification of operability of A.C. Electrical Power 
Sources in Modes 1-4.

B. REFERENCES:

1. Technical Specifications:

a. LCO 3.8.1

b. SR 3.8.1.1

2. UFSAR:

a. Section 8.2, Offsite (Preferred) Power System.

b. Section 8.3, Onsite Power Systems.

3. Station Procedures:

a. 1BOL 8.1, AC Sources – Operating.

C. PREREQUISITES:

1. Receive permission from the Shift Manager or designated SRO licensed 
assistant prior to performing this surveillance by having the Data Package Cover 
Sheet signed and dated.

D. PRECAUTIONS:

1. None.

E. LIMITATIONS AND ACTIONS:

1. As stated in Technical Specification LCO 3.8.1.

2. In the event the Acceptance Criteria is not met during the performance of this 

surveillance, immediately notify the Shift Manager to initiate procedure 1BOL 8.1 

and review effect on Unit 2 AC Sources.
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E. continued

3. As required by the UFSAR, the AC power system should be considered as 

having 3 major sections, each of which must provide two physically separate and 

electrically independent circuit paths between the onsite power system and the 

transmission network (the transmission network excludes the station switchyard). 

The three sections are:

a. The transmission lines entering the station switchyard from the 

transmission network.

b. The station switchyard. (A common switchyard is allowed by GDC 17.)

c. The overhead transmission lines, SATs, and buses between the SATs and 

the onsite power system.

4. As required by LCO 3.8.1, two qualified circuits each consisting of:

a. Physically separated transmission lines from the transmission system to 

the switchyard.

b. Physically separated lines from the switchyard to the SAT Banks.

c. The SAT Banks.

d. A reserve feed via its associated crosstie to any opposite unit ESF bus.

F. MAIN BODY:

NOTE
It is possible that a line has voltage, but is not connected to the
transmission grid. [i.e. – the line would have no MW or line amps] If it
is not clear whether the line is connected to the grid, TSO should be 
consulted to assist with determining line status.

1. On the Data Sheet drawing, CIRCLE the appropriate status of the offsite power 
sources either energized or de-energized by observing BUS ALIVE lights, line 
amps and MW for all 345 KV lines.
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F. continued

2. On the Data Sheet drawing:

 INDICATE all CLOSED disconnects and breakers with an “X”.

 INDICATE all OPEN disconnects and breakers with an “O”.

 INDICATE the status of the U-1 and U-2 SAT links. 
Use an "X" to INDICATE the links INSTALLED.
Use an "O" to INDICATE the links REMOVED.

3. On the Data Sheet drawing, TRACE a single path along the dashed lines from 
any energized offsite power source to the Unit 1 SAT Bank.

NOTE
Lines 0621 and 0622 cannot be considered "Independent 
Transmission Ckts" since they are on a common tower.

4. On the Data Sheet drawing, TRACE a second path from a second independent 
power source to the Unit 2 SAT Bank. This path cannot retrace over any portion 
of the path drawn in step F.3.

5. VERIFY two independent paths exist from offsite power through the switchyard to 
the Unit SAT Banks based on completion of step F.3 and F.4.  IF two 
independent sources are available, CIRCLE YES in the space provided on the 
Data Sheet.  (¢)

6. VERIFY NORMAL and RESERVE power 345KV buses energized by observing 
BUS ALIVE light lit and bus voltmeter indication.  IF bus is energized, CIRCLE 
YES in space provided on Data Sheet.  (¢)

 Normal power 345 KV bus is Bus 6.

 Reserve power 345 KV bus is Bus 13.
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F. continued

NOTE
If a Low Load condition exists on SAT's, the 6.9KV (X) Bus Alive 
Light and the 4KV (Y) Bus Alive Light can be used to verify SAT's 
are energized.

7. VERIFY NORMAL and RESERVE power SAT's available by observing X and Y 
winding megawatt and ampere indications.  IF SAT's are energized, CIRCLE 
YES in space provided on Data Sheet.  (¢)

 Normal power SAT is:

o 142-1 and 142-2 or,

o U-1 SAT crosstie links installed and either 142-1 or 142-2.

 Reserve power SAT is:

o 242-1 and 242-2 or,

o U-2 SAT crosstie links installed and either 242-1 or 242-2.

8. VERIFY that 4160 ESF buses 141 and 142 are energized by observing BUS 
ALIVE light lit and bus voltmeter indication.  IF energized, CIRCLE YES on the 
Data Sheet in space provided.  (¢)

9. VERIFY that 4160 ESF buses 241 and 242 are energized by observing BUS 
ALIVE light lit and bus voltmeter indication.  IF energized, CIRCLE YES on the 
Data Sheet in the space provided.  (¢)

10. VERIFY that the following SAT Feed breakers are closed and connected to the 
ESF bus by indication of position and control power.  IF the breakers are closed 
and connected to the ESF bus, THEN CIRCLE YES on the Data Sheet in the 
space provided.  (¢)

 ACB 1412 SAT Feed Breaker to Bus 141

 ACB 1422 SAT Feed Breaker to Bus 142

 ACB 2412 SAT Feed Breaker to Bus 241

 ACB 2422 SAT Feed Breaker to Bus 242



1BOSR 8.1.1-1
Revision 11
Page 5 of 8

Continuous Use

F. continued

11. VERIFY that the following SAT Reserve Feed breakers are available by 
indication of position and control power.  IF the breakers are available, THEN 
CIRCLE YES on the Data Sheet in the space provided.  (¢)

 ACB 1414 Bus 141 Reserve Feed Breaker

 ACB 1424 Bus 142 Reserve Feed Breaker

 ACB 2414 Bus 241 Reserve Feed Breaker

 ACB 2424 Bus 242 Reserve Feed Breaker

12. At panel 1PA55J (U-1 AEER), VERIFY that the following SAT Loss of Phase 
Relays are operable by verifying the green ENABLED light is lit.  IF the green 
enabled light is lit THEN CIRCLE YES on the Data Sheet in the space provided. 
IF the enabled light is NOT LIT THEN inform the unit Supervisor to implement the 
designated operator to monitor ESF 4KV bus “C” phase and open affected SAT 
feed breakers within 30 seconds if voltage is below 3850V.  See Standing Order 
12-006 (historical)..

 1PA55J-851PST11 Loss of Phase RLY SAT 142-1

 1PA55J-851PST12 Loss of Phase RLY SAT 142-2

G. ACCEPTANCE CRITERIA:

As a minimum the following AC electrical power sources shall be OPERABLE: 
(SR 3.8.1.1)

1. In Modes 1-4:

a. Each class 1E 4160 volt bus energized from either transformer of the 
associated units normal System Auxiliary Transformer Bank, and

b. Each class 1E 4160 volt bus capable of being powered from either 
transformer of the other units System Auxiliary Transformer Bank, with

Each units System Auxiliary Transformer Bank energized from an 
independent transmission circuit from the offsite transmission network.
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DATA SHEET
Page 1 or 2

5. Two independent offsite sources to the Unit SAT Banks are available.
YES (¢) / NO

6.
 Normal power 345 KV Bus 6 energized. YES (¢) / NO

 Reserve power 345 KV Bus 13 energized. YES (¢) / NO

7.
 Normal power: YES (¢) / NO

o SAT 142-1 and 142-2 energized or,

o U-1 SAT crosstie links installed and either SAT 142-1 or 142-2 energized.

 Reserve power: YES (¢) / NO

o SAT 242-1 and 242-2 energized or,

o U-2 SAT crosstie links installed and either SAT 242-1 or 242-2 energized.

8.
 4160 volt ESF Bus 141 energized. YES (¢) / NO

 4160 volt ESF Bus 142 energized. YES (¢) / NO

9.
 4160 volt ESF Bus 241 energized. YES (¢) / NO

 4160 volt ESF Bus 242 energized. YES (¢) / NO

10.
 ACB 1412 SAT Feed Breaker to Bus 141 closed/connected. YES (¢) / NO

 ACB 1422 SAT Feed Breaker to Bus 142 closed/connected. YES (¢) / NO

 ACB 2412 SAT Feed Breaker to Bus 241 closed/connected. YES (¢) / NO

 ACB 2422 SAT Feed Breaker to Bus 242 closed/connected. YES (¢) / NO

11.
 ACB 1414 Bus 141 Reserve Feed Breaker available. YES (¢) / NO

 ACB 1424 Bus 142 Reserve Feed Breaker available. YES (¢) / NO

 ACB 2414 Bus 241 Reserve Feed Breaker available. YES (¢) / NO

 ACB 2424 Bus 242 Reserve Feed Breaker available. YES (¢) / NO



1BOSR 8.1.1-1
Revision 11
Page 8 of 8

Continuous Use

DATA SHEET
Page 2 or 2

12.
 1PA55J-851PST11 Loss of Phase RLY SAT 142-1 operable YES / NO

 1PA55J-851PST12 Loss of Phase RLY SAT 142-2 operable YES / NO
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NORMAL AND RESERVE OFFSITE AC POWER AVAILABILITY WEEKLY SURVEILLANCE

A. STATEMENT OF APPLICABILITY:

This procedure applies to the weekly verification of operability of A.C. Electrical Power 
Sources in Modes 1-4.

B. REFERENCES:

1. Technical Specifications:

a. LCO 3.8.1

b. SR 3.8.1.1

2. UFSAR:

a. Section 8.2, Offsite (Preferred) Power System.

b. Section 8.3, Onsite Power Systems.

3. Station Procedures:

a. 2BOL 8.1, AC Sources – Operating.

C. PREREQUISITES:

1. Receive permission from the Shift Manager or designated SRO licensed 
assistant prior to performing this surveillance by having the Data Package Cover 
Sheet signed and dated.

D. PRECAUTIONS:

1. None.

E. LIMITATIONS AND ACTIONS:

1. As stated in Technical Specification LCO 3.8.1.

2. In the event the Acceptance Criteria is not met during the performance of this 

surveillance, immediately notify the Shift Manager to initiate procedure 2BOL 8.1 

and review effect on Unit 1 AC Sources.
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E. continued

3. As required by the UFSAR, the AC power system should be considered as 

having 3 major sections, each of which must provide two physically separate and 

electrically independent circuit paths between the onsite power system and the 

transmission network (the transmission network excludes the station switchyard). 

The three sections are:

a. The transmission lines entering the station switchyard from the 

transmission network.

b. The station switchyard. (A common switchyard is allowed by GDC 17.)

c. The overhead transmission lines, SATs, and buses between the SATs and 

the onsite power system.

4. As required by LCO 3.8.1, two qualified circuits each consisting of:

a. Physically separated transmission lines from the transmission system to 

the switchyard.

b. Physically separated lines from the switchyard to the SAT Banks.

c. The SAT Banks.

d. A reserve feed via its associated crosstie to any opposite unit ESF bus.

F. MAIN BODY:

NOTE
It is possible that a line has voltage, but is not connected to the
transmission grid. [i.e. – the line would have no MW or line amps] If it
is not clear whether the line is connected to the grid, TSO should be 
consulted to assist with determining line status.

1. On the Data Sheet drawing, CIRCLE the appropriate status of the offsite power 
sources either energized or de-energized by observing BUS ALIVE lights, line 
amps and MW for all 345 KV lines.



2BOSR 8.1.1-1
Revision 10
Page 3 of 8

Continuous Use

F. continued

2. On the Data Sheet drawing:

 INDICATE all CLOSED disconnects and breakers with an “X”.

 INDICATE all OPEN disconnects and breakers with an “O”.

 INDICATE the status of the U-1 and U-2 SAT links. 
Use an "X" to INDICATE the links INSTALLED.
Use an "O" to INDICATE the links REMOVED.

3. On the Data Sheet drawing, TRACE a single path along the dashed lines from 
any energized offsite power source to the Unit 2 SAT Bank.

NOTE
Lines 0621 and 0622 cannot be considered "Independent 
Transmission Ckts" since they are on a common tower.

4. On the Data Sheet drawing, TRACE a second path from a second independent 
power source to the Unit 1 SAT Bank. This path cannot retrace over any portion 
of the path drawn in step F.3.

5. VERIFY two independent paths exist from offsite power through the switchyard to 
the Unit SAT Banks based on completion of step F.3 and F.4.  IF two 
independent sources are available, CIRCLE YES in the space provided on the 
Data Sheet.  (¢)

6. VERIFY NORMAL and RESERVE power 345KV buses energized by observing 
BUS ALIVE light lit and bus voltmeter indication.  IF bus is energized, CIRCLE 
YES in space provided on Data Sheet.  (¢)

 Normal power 345 KV bus is Bus 13.

 Reserve power 345 KV bus is Bus 6.
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F. continued

NOTE
If a Low Load condition exists on SAT's, the 6.9KV (X) Bus Alive 
Light and the 4KV (Y) Bus Alive Light can be used to verify SAT's 
are energized.

7. VERIFY NORMAL and RESERVE power SAT's available by observing X and Y 
winding megawatt and ampere indications.  IF SAT's are energized, CIRCLE 
YES in space provided on Data Sheet.  (¢)

 Normal power SAT is:

o 242-1 and 242-2 or,

o U-2 SAT crosstie links installed and either 242-1 or 242-2.

 Reserve power SAT is:

o 142-1 and 142-2 or,

o U-1 SAT crosstie links installed and either 142-1 or 142-2.

8. VERIFY that 4160 ESF buses 241 and 242 are energized by observing BUS 
ALIVE light lit and bus voltmeter indication.  IF energized, CIRCLE YES on the 
Data Sheet in space provided.  (¢)

9. VERIFY that 4160 ESF buses 141 and 142 are energized by observing BUS 
ALIVE light lit and bus voltmeter indication.  IF energized, CIRCLE YES on the 
Data Sheet in the space provided.  (¢)

10. VERIFY that the following SAT Feed breakers are closed and connected to the 
ESF bus by indication of position and control power.  IF the breakers are closed 
and connected to the ESF bus, THEN CIRCLE YES on the Data Sheet in the 
space provided.  (¢)

 ACB 2412 SAT Feed Breaker to Bus 241

 ACB 2422 SAT Feed Breaker to Bus 242

 ACB 1412 SAT Feed Breaker to Bus 141

 ACB 1422 SAT Feed Breaker to Bus 142



2BOSR 8.1.1-1
Revision 10
Page 5 of 8

Continuous Use

F. continued

11. VERIFY that the following SAT Reserve Feed breakers are available by 
indication of position and control power.  IF the breakers are available, THEN 
CIRCLE YES on the Data Sheet in the space provided.  (¢)

 ACB 2414 Bus 241 Reserve Feed Breaker

 ACB 2424 Bus 242 Reserve Feed Breaker

 ACB 1414 Bus 141 Reserve Feed Breaker

 ACB 1424 Bus 142 Reserve Feed Breaker

12. At panel 2PA55J (U-2 AEER), VERIFY that the following SAT Loss of Phase 
Relays are operable by verifying the green ENABLED light is lit.  IF the green 
enabled light is lit THEN CIRCLE YES on the Data Sheet in the space provided. 
IF the enabled light is NOT LIT THEN inform the unit Supervisor to implement the 
designated operator to monitor ESF 4KV bus “C” phase and open affected SAT 
feed breakers within 30 seconds if voltage is below 3850V.  See Standing Order 
12-006 (historical).

 2PA55J-851PST21 Loss of Phase RLY SAT 242-1

 2PA55J-851PST22 Loss of Phase RLY SAT 242-2

G. ACCEPTANCE CRITERIA:

As a minimum the following AC electrical power sources shall be OPERABLE: 
(SR 3.8.1.1)

1. In Modes 1-4:

a. Each class 1E 4160 volt bus energized from either transformer of the 
associated units normal System Auxiliary Transformer Bank, and

b. Each class 1E 4160 volt bus capable of being powered from either 
transformer of the other units System Auxiliary Transformer Bank, with

Each units System Auxiliary Transformer Bank energized from an 
independent transmission circuit from the offsite transmission network.
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DATA SHEET
Page 1 of 2

5. Two independent offsite sources to the Unit SAT Banks are available.
YES (¢) / NO

6.
 Normal power 345 KV Bus 13 energized. YES (¢) / NO

 Reserve power 345 KV Bus 6 energized. YES (¢) / NO

7.
 Normal power: YES (¢) / NO

o SAT 242-1 and 242-2 energized or,

o U-2 SAT crosstie links installed and either SAT 242-1 or 242-2 energized.

 Reserve power: YES (¢) / NO

o SAT 142-1 and 142-2 energized or,

o U-1 SAT crosstie links installed and either SAT 142-1 or 142-2 energized.

8.
 4160 volt ESF Bus 241 energized. YES (¢) / NO

 4160 volt ESF Bus 242 energized. YES (¢) / NO

9.
 4160 volt ESF Bus 141 energized. YES (¢) / NO

 4160 volt ESF Bus 142 energized. YES (¢) / NO

10.
 ACB 2412 SAT Feed Breaker to Bus 241 closed/connected. YES (¢) / NO

 ACB 2422 SAT Feed Breaker to Bus 242 closed/connected. YES (¢) / NO

 ACB 1412 SAT Feed Breaker to Bus 141 closed/connected.. YES (¢) / NO

 ACB 1422 SAT Feed Breaker to Bus 142 closed/connected. YES (¢) / NO

11.
 ACB 2414 Bus 241 Reserve Feed Breaker available. YES (¢) / NO

 ACB 2424 Bus 242 Reserve Feed Breaker available. YES (¢) / NO

 ACB 1414 Bus 141 Reserve Feed Breaker available. YES (¢) / NO

 ACB 1424 Bus 142 Reserve Feed Breaker available. YES (¢) / NO
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DATA SHEET
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12.
 2PA55J-851PST21 Loss of Phase RLY SAT 242-1 operable YES / NO

 2PA55J-851PST22 Loss of Phase RLY SAT 242-2 operable YES / NO
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FILE LOCATION:  2.05.0500
LCOAR

UNIT 1 SAT LOW LOAD CONDITION LOSS OF PHASE MONITORING

A. NOTIFICATION

TIME/DATE: BY: TITLE:

PRESENT MODE: APPLICABLE MODE(s):  All

INITIATING EVENT(s):_____________________________________________________________________

________________________________________________________________________________________

CONDITION(S)                   Pg(s)     

NAME OF SM NOTIFIED: PLANNED

TIME/DATE: UNPLANNED

WAS AN IR RELATED WO/WR(s): RELATED CLEARANCE ORDER(s):

WRITTEN?

______________  ______________ _____________  _____________

YES ______________  ______________ _____________  _____________

NO ______________  ______________ _____________  _____________

If NO, Reason:

Separate Condition entry allowed:  Yes

B. ACTIONS

1. COMPLETE, as required, the LCOAR Table per BAP 1400-6, checking all conditions to verify ALL 
applicable conditions are entered and followed.
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LCOAR TABLE
UNIT 1 SAT LOW LOAD CONDITION LOSS OF PHASE MONITORING

Pg COND Any Of The Following CONDITIONS:
CIRCLE applicable CONDITION(S)

2 A. SAT 142-1 or SAT 142-2 LOW LOAD/TROUBLE alarm illuminated with low load 
condition indicated.  (Note 2)

CONDITION REQUIRED ACTION COMPLETION TIME

A. Low Load condition on 
any SAT.

______/______
TIME    DATE

________________
SRO

A.1 Complete Attachment A for 
required actions to VERIFY 
all 3-phase voltages, 
VERIFY ESF loads have 
not tripped, and
PERFORM a walkdown of 
switchyard lines to look for 
evidence of an open phase.
(Note 1)

1 hour

__n/a__/_n/a__   ______n/a_______

TIME    DATE SRO

AND

Once per 8 hours.

__n/a__/_n/a__   ______n/a_______

TIME    DATE SRO

Notes:

1. Completion Time, Date, and SRO initials are recorded on Attachment A.

2. IF condition is expected due to planned evolutions, THEN this LCOAR need not be entered.
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C. RESTORATION

1. An SRO shall determine the applicable surveillances and/or other actions required to demonstrate
LCO restoration and LIST and/or MARK those that apply:

a. For the Initiating Event(s) in Section A (NOTIFICATION) of this LCOAR

TIME/DATE when these requirements are met                         / SRO

2. Comments:  

3. Once all of the above requirements have been satisfactorily completed (with SM concurrence if 
appropriate), RECORD the Time and Date the LCO is met.  TERMINATE the Action Requirements 
excluding any SPECIAL REPORT or SPECIAL ACTIONS and RETURN the affected Equipment/Unit 
to desired status.

SRO (NOT Duty S.M.):                                                           TIME/DATE:              /              

Remarks and/or additional requirements: 

DUTY SHIFT MANAGER:  TIME/DATE:              /              
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ATTACHMENT A

UNIT 1 SAT Low Load Condition Action Requirements

INITIAL PERFORMANCE DUE: TIME ________ DATE _________
INITIAL PERFORMANCE COMPLETED: TIME ________ DATE ________     SRO ________________
SUBSEQUENT DUE EVERY:        8        HOURS

Next Due

TIME/DATE

Performed

TIME/DATE

All 3-Phase 
Voltages 

Satisfactory 
(Att. B)

ESF Loads 
NOT Tripped

NO Open 
Phase Evidence 
in Walkdown of 

Switchyard lines

SRO Review

SRO

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

______/______ ______/______

ATTACH ADDITIONAL COPIES OF THIS PAGE AS NECESSARY
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ATTACHMENT B

UNIT 1 BUS VOLTAGE CHANNEL CHECKS

CHANNEL CHECK

BUSSES INSTRUMENT SET 1 SET 2 SET 3

Bus 141 1EI-AP054 SAT   UNSAT SAT   UNSAT SAT   UNSAT

Verify 141 Voltage Selected Phase CA Phase CA Phase CA

Bus 142 1EI-AP086 SAT   UNSAT SAT   UNSAT SAT   UNSAT

Verify 142 Voltage Selected Phase CA Phase CA Phase CA

Bus 143 1EI-AP055 SAT   UNSAT SAT   UNSAT SAT   UNSAT

Bus 144 1EI-AP087 SAT   UNSAT SAT   UNSAT SAT   UNSAT

Bus 156 1EI-AP033 SAT   UNSAT SAT   UNSAT SAT   UNSAT

Bus 157 1EI-AP034 SAT   UNSAT SAT   UNSAT SAT   UNSAT

Bus 158 1EI-AP033 SAT   UNSAT SAT   UNSAT SAT   UNSAT

Bus 159 1EI-AP034 SAT   UNSAT SAT   UNSAT SAT   UNSAT

ATTACH ADDITIONAL COPIES OF THIS PAGE AS NECESSARY
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