
STP 3&4 Open Phase Approach 

At our meeting last week, NRC established expectations that for a short term review and approval 
consistent with our current licensing schedule, Technical Specifications (TS) must be part of the solution. 
We are proposing the following approach to address the issues raised in the last meeting:  

1. Detection and control room alarm for open phase conditions on the grid side of the Main Power 
Transformer (MPT) and both Reserve Auxiliary Transformers (RAT). 
 

2. Monitoring and protection of the three Class 1E buses for negative sequence voltage 
a. Three negative sequence voltage relays on each Class 1E bus 
b. 2/3 logic to avoid inadvertent actuation 
c. Setpoint of approximately 4% (value being determined), with a time delay to prevent 

small transients from triggering actuation 
d. Protective actuation trips the feeder line to the 1E bus which will then result in an 

automatic transfer of the bus to the emergency diesel generator 
  

3. FSAR will be modified to reflect these changes  
a. FSAR Section 8.2 (for MPT and RAT detection and alarm)  
b. FSAR Section 8.3 (for negative sequence voltage protection on the Class 1E buses) 

 
4. ITAAC to demonstrate that the MPT and RAT detection and alarm functions work 

 
5. Revise TS 3.3.1.4, ESF Actuation Instrumentation, to add negative sequence voltage instruments  

a. Allowed outage times same as for undervoltage and degraded voltage instruments 
b. Surveillance frequencies similar to those for undervoltage and degraded voltage  

At the last meeting we proposed adding actuation based on detection of the open phase on the high 
side of the MPT and RATs. When we investigated creating a TS for this approach we concluded it was 
not feasible to create a TS for a non-Class 1E component (with an associated setpoint), and as a result 
decided on the approach described above.  

Because we are adding detection, alarm, actuation and a Technical Specification to address this issue, 
we think a license condition to ensure we meet the eventual industry guidance is not needed.  

We believe this is the right approach for the following reasons: 

1. Protection is provided on the Class 1E buses ensuring that the motors on the 1E buses are not 
subjected to unbalanced currents and voltages during an accident. 
 

2. This meets the NRC’s stated preference for a Class 1E solution. 
 

3. The TS surveillances will ensure that these devices are able to perform their protective function. 
 

4. Open phase conditions on the grid side of the MPT and RATs will be detected and alarmed and 
the operators will have procedures and training to guide their response. If the open phase 
results in adverse negative sequence voltages on the Class 1E bus (es), they will transfer to an 
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emergency diesel generator. If the open phase does not result in adverse negative sequence 
voltages on the Class 1E bus (es), there will be ample time for operators to address the condition 
without automatic actuation. Because STP 3&4 has three sources of offsite power, if there is no 
adverse impact on the Class 1E bus (es), the operators will transfer the transformer with the 
open phase condition to another offsite source of power in accordance with the Technical 
Specifications.  
 

5. This approach will address an open phase condition anywhere in the Electrical Distribution 
System that impacts the Class 1E buses. 
 

6. This approach also eliminates the potential for an inadvertent plant transient if the open phase 
detection and actuation on the high side of the MPT had no adverse effect on the Class 1E 
buses. 
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• Purpose 
The use of a negative sequence relay on the safety related 4.16kV buses is to protect safety 
related loads from heat damage due to voltage imbalance or negative sequence voltages.  
Negative sequence voltages are indicative of load imbalances due to an open phase on the 
feed to a large load or from an open phase on the high side of a large power transformer. 

• Functional Description 
A negative sequence relay will compare all three phase’s negative sequence voltages as a 
vector summation.  Should the vector summation of the negative sequence voltage be larger 
than the setpoint value, a time delay will be initiated.  The time delay is set to allow 
sufficient time for the clearing of electrical distribution system faults from both the plant’s 
distribution system and transmission system, but short enough to keep from causing thermal 
damage to the safety related motors.  Once the timers time out, a trip signal is sent to the 
affected supply breaker to isolate the affected offsite power source from the safety bus.  
Once the safety bus is isolated, the undervoltage relay senses a loss of power, sheds the 
loads from the bus, starts the diesel, and sequences the loads on the bus. 

• Wiring Description 
The voltage inputs to the three negative sequence relays come from the safety related 
4.16kV bus potential transformers (PT).  There are three PTs connected wye / wye which are 
rated 4200V/120V phase-to-phase.  The 125 VDC control input for the relays will come from 
the 125 VDC control power at the switchgear.  Each negative sequence relay has two output 
contacts which can be wired to develop a two-out-of-three logic.  The two-out-of-three logic 
will be wired to the pickup coil of a separate auxiliary relay using the switchgear 125 VDC 
control power.  The auxiliary relay contacts will be wired to the trip coils each of the offsite 
source incoming breakers to the safety bus. 
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DG 

Class 1E Bus 
3 - 4200/120 V PT 

UAT  RAT CTG 

27 

47 
3 

Wired for        
2/3 

Logic 

TRIP TRIP TRIP 

Negative Sequence Relays 
Type ABB 60Q 

Bus UV and DGR Relays 

47X 
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3.3 INSTRUMENTATION 
3.3.1.4 ESF Actuation Instrumentation 
 
The information in this section of the reference ABWR DCD, including all subsections, is 
incorporated by reference with the following departures and site-specific supplements. These 
site specific supplements partially address COL License Information Item 16.1. 
 
STD DEP T1 2.4-2 
STD DEP T1 2.4-3 
STD DEP T1 3.4-1 (All) 
STD DEP 8.3-1 (Table 3.3.1.4-1) 
STD DEP 16.3-50 
STD DEP 16.3-86 
STD DEP 16.3-94 
STD DEP 16.3-100 
Standard Supplement - NRC Bulletin 2012-01 
 
 
SURVEILLANCE REQUIREMENTS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Refer to Table 3.3.1.4-1 to determine which SRs apply for each ESF Actuation Instrumentation 
Functions. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.3.1.4.1 Perform SENSOR CHANNEL CHECK. 
 

 
12 hours 

 
SR  3.3.1.4.2 Perform OUTPUT CHANNEL FUNCTIONAL TEST. 
 

 
18 months 
 

 
SR  3.3.1.4.3 Perform DIVISION FUNCTIONAL TEST in 

accordance with TS 5.5.2.11, Setpoint Control 
Program. 

 
31 days 

 
SR  3.3.1.4.4 Perform COMPREHENSIVE FUNCTIONAL TEST. 
 

 
18 months 

 
SR  3.3.1.4.5 Perform ECCS RESPONSE TIME TEST. 
 

 
18 months 

 
SR  3.3.1.4.6 Perform SENSOR CHANNEL CALIBRATION in 

accordance with TS 5.5.2.11, Setpoint Control 
Program. 

 

 
18 months 
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SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.3.1.4.7 Perform CHANNEL FUNCTIONAL TEST. 
 

 
18 months 

  
 
SR  3.3.1.4.8 Perform DIVISION FUNCTIONAL TEST. 
 

 
31 days 

 
SR  3.3.1.4.9 Perform SENSOR CHANNEL CALIBRATION.  The 

Allowable Value shall be [≤ TBD% of rated value].  
The time delay shall be [TBD seconds]. 

 

 
18 months 

 
 
 

Table 3.3.1.4-1 (Page 4 of 7) 
ESF Actuation Instrumentation 

 
 
 
 
 
 

FUNCTION 

 
APPLICABLE 
MODES OR 

OTHER 
SPECIFIED 

CONDITIONS 
 

 
 
 
 

REQUIRED 
CHANNELS 

 

 
 
 
 

APPLICABLE 
CONDITIONS 

 
 
 
 

SURVEILLANCE 
REQUIREMENTS 

 
  5.a Division I, II, & III 

 Loss of Voltage – 
 4.16 kV 

 

 
1,2,3, 
4(h),5(h) 

 
1 per phase(a) 

 
C 

 
SR  3.3.1.4.1 
SR  3.3.1.4.2 
SR  3.3.1.4.3 
SR  3.3.1.4.4 
SR  3.3.1.4.5 
SR  3.3.1.4.6 

 
 
  5.b Division I, II, & III 

 Degraded Voltage – 
 4.16 kV 

 
 

1,2,3, 
4(h),5(h) 

 
 

1 per phase(a) 

 
 

C 

 
 
SR  3.3.1.4.1 
SR  3.3.1.4.2 
SR  3.3.1.4.3 
SR  3.3.1.4.4 
SR  3.3.1.4.5 
SR  3.3.1.4.6 

     
 
  5.c DG System 

 Initiation 

 
1,2,3, 
4(h),5(h) 

 
1 per DG(b) 

 
B 

 
SR  3.3.1.4.3 
SR  3.3.1.4.4 
SR  3.3.1.4.5 

 
  5.d DG Device 

 Actuation 

 
1,2,3, 
4(h),5(h) 

 
1 per 

actuated 
device(c) 

 
D 

 
SR  3.3.1.4.2 
SR  3.3.1.4.4 
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  5.e DG Manual 

 Initiation 

 
 

1,2,3, 
4(h),5(h) 

 

 

 

 
 

1 per DG(d) 

 
 

F 

 
 
SR  3.3.1.4.3 
SR  3.3.1.4.4 
SR  3.3.1.4.7 

Standard Supplement - NRC Bulletin 2012-01 
 
  5.f Division I, II, & III 

 Negative Sequence 
                  Voltage – 4.16 kV 

 
1,2,3, 

4(h),5(h) 

 
1 per bus(a) 

 
C 

 
SR  3.3.1.4.1 
SR  3.3.1.4.2 
SR  3.3.1.4.4 
SR  3.3.1.4.5 
SR  3.3.1.4.8 
SR  3.3.1.4.9 
 

6. Standby Gas Treatment 
System Actuation 

 
  6.a SGTS Initiation 

 
1,2,3 
(i)(j) 

 
1 per 

subsystem(b) 

 
B 

 
SR  3.3.1.4.3 
SR  3.3.1.4.4 
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B 3.3 INSTRUMENTATION 
B 3.3.1.4 Engineered Safety Features (ESF) Actuation Instrumentation 
 
BASES 

 
 

The information in this section of the reference ABWR DCD, including all subsections, is 
incorporated by reference with the following departures and site specific supplement. The site 
specific supplement partially addresses COL License Information Item 16.1. 
 
STD DEP T1 2.4-2 
STD DEP T1 2.4-3 
STD DEP T1 3.4-1 (All) 
STD DEP 7.3-17 
STD DEP 8.3-1 
STD DEP 16.3-87 
STD DEP 16.3-99 
Standard Supplement - NRC Bulletin 2012-01 

 

Standard Supplement - NRC Bulletin 2012-01 

5.f  Divisions I, II, & III Negative Sequence Voltage – 4.16kV 
 
Each of the three 4.16 kV ESF busses is monitored to detect a high negative sequence 
voltage, indicative of a loss of an electrical bus phase.  If negative sequence voltage of a 
sufficiently high level is detected, the bus supply breaker is tripped allowing the associated 
Emergency Diesel Generator (DG), provided as a backup to the offsite  power source, to 
start via the bus undervoltage relaying.  These SENSOR CHANNELS are provided to assure 
that there is sufficient power available to supply safety systems should they be needed. 
 
The Negative Sequence Voltage Function is not assumed in any accident or transient 
analyses for the ABWR.  However, the Function is added for overall redundancy and 
diversity to the Degraded Voltage Function, as required by the NRC in the plant licensing 
basis.  
 
The input signals for this Function are provided by the bus instrument potential 
transformers connected to each phase of the three 4.16 kV ESF busses.  Each 4.16 kV ESF 
bus has three separate negative sequence relays that monitor the voltage on all three bus 
phases, and each negative sequence relay will detect a negative sequence voltage on the 
three phases.  The three separate negative sequence relay outputs are combined in a 2/3 
logic to ensure actuation of the Function, even in the event of a single relay failure, while 
also preventing a spurious trip should a single relay fail.   A time delay is provided to 
prevent breaker trips due to normal transient conditions on the bus.  
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One channel of this Function is required to be OPERABLE on each 4.16 kV ESF bus in order 
to trip the respective ESF bus offsite feeder breaker and allow other protective functions to 
actuate.  The Function must be operable in MODES 1, 2, and 3 and in MODES 4 and 5 when 
any ECCS system is required to be OPERABLE as described in LCO 3.8.2, “AC Sources – 
Shutdown” and LCO 3.8.11, “AC Sources – Shutdown (Low Water Level)”.  
 

The Allowable Value is selected to be low enough to trip the respective ESF bus feeder 
breaker prior to potential equipment damage, but high enough to prevent normal voltage 
fluctuations from causing spurious initiations.  A time delay assures that normal bus 
transients do not cause spurious trips of the 4.16kV ESF bus supply breaker.  
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STANDARD SUPPLEMENT – NRC Bulletin 2012-01 
 
SR 3.3.1.4.3 and SR 3.3.1.4.8 
 
A DIVISIONAL FUNCTIONAL TEST is performed on the LOGIC 
CHANNELS and SENSOR CHANNELS in each ESF division to provide 
confidence that the Functions will perform as intended. The test is 
performed by replacing the normal signal with a test signal as far upstream 
in the channel as possible within the constraints of the instrumentation 
design and the need to perform the surveillance without disrupting plant 
operations. See Section 1.1, "Definitions" for additional information on the 
scope of the test. 
 
The devices used to implement the Functions are specified to be of high 
reliability and have a high degree of redundancy. Therefore, the [92 31] day 
frequency provides confidence that device actuation will occur when 
needed. This test overlaps or is performed in conjunction with the 
DIVISIONAL FUNCTIONAL TESTS performed under LCO 3.3.1.1, "SSLC 
Sensor Instrumentation" to provide testing up to the final actuating device. 
 
 
STANDARD SUPPLEMENT – NRC Bulletin 2012-01 
 
SR 3.3.1.4.6 and SR 3.3.1.4.9 
 
A SENSOR CHANNEL CALIBRATION is a complete check of the 
instrument loop and the sensor. This test verifies a SENSOR CHANNEL 
responds to the measured parameter within the necessary range and 
accuracy. SENSOR CHANNEL CALIBRATION leaves the channel 
adjusted to account for instrument drifts between successive calibrations. 
Measurement error historical determinations must be performed consistent 
with the plant specific setpoint methodology. The channel shall be left 
calibrated consistent with the assumptions of the setpoint methodology. As 
noted, the calibration includes calibration of all parameters used to 
establish derived setpoints and all parameters used to automatically 
bypass a trip function. 
 
STD DEP 16.3-99 
If the as found trip point (fixed or variable) is not within its Allowable Value, 
the plant specific setpoint methodology may be revised, as appropriate, if 
the history and all other pertinent information indicate a need for the 
revision. Calibration shall be provided that is consistent with the 
assumptions of the current plant specific setpoint methodology. 
 
The 18 month frequency is based on the ABWR expected refueling interval 
and the need to perform this Surveillance under the conditions that apply 
during a plant outage. The Frequency is adequate based on the specified 
low drift of the devices used to implement the Functions covered by this 
LCO. 
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8.2.1.2.4 Monitoring of Main Power and Reserve Auxiliary Transformers 

Standard Supplement - NRC Bulletin 2012-01 
 
NRC Bulletin 2012-01 discusses the possibility that an open phase condition, whether one, two or three 
phases, with or without accompanying ground faults, located on the high-voltage side of a transformer 
connecting a GDC 17 offsite power circuit to the plant electrical system could, result in a degraded 
condition in the onsite power system (see Reference 8.2-7). To address this issue, protection of the 
Class 1E buses is provided as described in subsection 8.3.1, and monitoring of the normal and 
alternate preferred power supply feeds through the MPT and RATs  is provided as described below.  

All three phases of the MPT and RATs are monitored by specific transformer relays for open phase, 
and ground faults in any combination of one, two or three phases.  The specific relays initiate alarms in 
the Main Control Room when an open phase or ground fault is detected.  Testing of the monitoring 
system is performed per Section 8.2.4.1 of this chapter to verify proper functionality. 

Maintenance and testing procedures, including calibration and troubleshooting procedures, associated 
with the monitoring system are in accordance with Subsection 13.5. Control room operator and 
maintenance technician training associated with the operation and maintenance of the monitoring 
system is in accordance Section 13.2  

 
 

8.2.6 References: 

8.2-7 NRC Bulletin 2012-01, “Design Vulnerability in Electric Power System,” July 27, 2012. 
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8.3.1 AC Power Systems 

STD DEP 8.3-1 

Standard Supplement - NRC Bulletin 2012-01 

The loss of voltage condition and the degraded voltage condition are sensed by 
independent sets of three undervoltage relays (one on each phase of the 6.9 4.16 kV bus) 
which are configured such that two-out-of-three trip states will initiate circuitry for transferring 
power from offsite power to the onsite diesel generator (after a time delay for the degraded 
voltage condition). The primary side of each of the instrument potential transformers (PTs) is 
connected phase-to-phase (i.e., a “delta” configuration) such that a loss of a single phase will 
cause two of the three undervoltage relays to trip, thus satisfying the two-out-of-three logic. (For 
more information on the degraded voltage condition and associated time delays, etc., see 
Subsection (8) of 8.3.1.1.7.) 
 
NRC Bulletin 2012-01 discusses the possibility that an open phase condition, whether one, two 
or three phases, with or without accompanying ground faults, located on the high-voltage side of 
a transformer connecting a GDC 17 offsite power circuit to the plant electrical system could, 
result in a degraded condition in the onsite power system (see Reference 8.2-7). To address 
this issue, monitoring of the normal and alternate preferred power supply feeds through the 
MPT and RATs is provided as described in subsection 8.2.1.2.4 and the Class 1E buses are 
provided with negative sequence voltage relays to ensure that the motors on the 1E buses are 
not subjected to unbalanced currents and voltages  as described below.  

Each of the Divisional 4.16kV buses, has 3 negative sequence voltage relays configured such 
that a two-out-of-three trip state will initiate circuitry for transferring power from the offsite power 
supply to the onsite diesel generator after a time delay.  Each negative sequence relay monitors 
all three bus phases using the bus instrument potential transformers.  Should negative 
sequence be present on a 4.16kV bus, the two-out-of-three logic will actuate (see Subsection 
(10) of 8.3.1.1.7.).   

 
Each 6.9 4.16 kV Class 1E bus feeds its associated 480V unit substation power center through 
a 6.9 4.16 kV/ 480/277V power center transformer. 
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8.3.1.1.6.3 Bus Protection 
 
STD DEP 8.3-1 
 
Standard Supplement - NRC Bulletin 2012-01 
 
Bus protection is as follows: 
 

(1) 6.9 kV Medium voltage bus incoming circuits have inverse time over-current, ground 
fault, bus differential and, under-voltage, and negative sequence voltage protection. 
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8.3.1.1.7 Load Shedding and Sequencing on Class 1E Buses 
 
STD DEP 8.3-1 
 
Standard Supplement - NRC Bulletin 2012-01 
 
This subsection addresses Class 1E Divisions I, II, and III. Load shedding, bus transfer and 
sequencing on a 6.9 4.16 kV Class 1E bus is initiated on loss of bus voltage. 

 
(1) Loss of Preferred Power (LOPP)—The 6.9 4.16 kV Class 1E buses are normally 

energized from the normal or alternate preferred power supplies. Should the bus 
voltage decay to ≤ 70% of its nominal rated value, a bus transfer is initiated and the 
signal will trip the supply breaker, and start the diesel generator. When the bus voltage 
decays to 30%, large pump motor breakers (6.9 4.16 kV) are tripped. 
 

(2) Loss of Coolant Accident (LOCA)—When a LOCA occurs, the standby diesel 
generator is started and remains in the standby mode (i.e. voltage and frequency are 
within normal limits and no lockout exists) unless a LOPP signal is also present as 
discussed in (3) and (4) below. In addition, with or without a LOPP, the load sequence 
timers are started if the 6.9 4.16 kV emergency bus voltage is greater than 70%, and 
loads are applied to the bus at the end of preset times. 

 
Each load has an individual load sequence timer which will start if a LOCA occurs and 
the 6.9 4.16 kV emergency bus voltage is greater than 70%, regardless of whether the 
bus voltage source is normal or alternate preferred power or the diesel generator. 

 
(5) LOCA when diesel generator is parallel with preferred power source during test—

If a LOCA occurs when the diesel generator is paralleled with either the normal 
preferred power or the alternate preferred power source, the D/G will automatically be 
disconnected from the 6.9 4.16 kV emergency bus regardless of whether the test is 
being conducted from the local control panel or the main control room. 

 
(8) Protection against degraded voltage—For protection of the Division I, II and III 

electrical equipment against the effects of a sustained degraded voltage, the 6.9 4.16 
kV divisional bus voltages are monitored. 

 
(9) Station Blackout (SBO) considerations—A station blackout event is defined as the 

total loss of all offsite (preferred) and onsite Class IE AC power supplies except Class 
IE AC power generated through inverters from the station batteries. In such an event, 
the combustion turbine generator (CTG) will automatically start and achieve rated 
speed and voltage within two in less than ten minutes. The CTG will then automatically 
assume pre-selected loads on the plant investment protection (PIP) buses. With the 
diesel generators unavailable, the reactor operator will manually shed PIP loads and 
connect the non-Class 1E CTG with the required shutdown loads within ten minutes of 
the event initiation. Specifically, the operator will energize one of the Class 1E 
distribution system buses by closing each of the two circuit breakers (via controls in the 
main control room) between the CTG unit and the Class 1E bus. The circuit breaker 
closest to the CTG is non-Class 1E and the circuit breaker closest to the Class 1E bus 
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is Class 1E, and the other breakers are non-Class 1E. Later, the operator will energize 
other safety-related and non-safety-related loads, as appropriate, to complete the 
shutdown process. See Appendix 1C and Subsection 9.5.11 for further information on 
Station Blackout and the CTG, respectively. 

 
 
(10) Negative Sequence Voltage—For protection of the Division I, II and III electrical 

equipment against the effects of an unbalanced power supply, the 4.16 kV divisional 
buses are monitored for negative sequence voltage. If the bus negative sequence 
voltage degrades to ~4 %, and after a time delay (to prevent triggering by transients), 
the respective feeder breaker trips, which consequently starts the diesel generator on 
undervoltage before any of the Class 1E loads experience degraded conditions 
exceeding those for which the equipment is qualified. The time delay setting is defined 
to provide appropriate motor protection.   This assures such loads will restart when the 
diesel generator assumes the degraded bus and sequences its loads. If the bus voltage 
recovers within the time delay period, the protective timer will automatically reset. 
Should a LOCA occur during the time delay, the feeder breaker with the negative 
sequence voltage will be tripped instantly. Subsequent bus transfer will be as described 
above. 
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8.3.5 References 

Standard Supplement - NRC Bulletin 2012-01 
 

8.2-7 NRC Bulletin 2012-01, “Design Vulnerability in Electric Power System,” July 27, 2012. 
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Table 3.0-29 Detection and Protection of Open Phase Events on the Main Power 
and Reserve Auxiliary Transformers 

Design Commitment Inspections, Tests, Analyses Acceptance Criteria 
1. Continuous monitoring of the 
power feeds on the high voltage 
side of the Main Power 
Transformer (MPT) and Reserve 
Auxiliary Transformers (RAT) is 
provided to detect: 
 
 a. An open phase with no 
transformer high-side ground. 
 
 b. An open phase with a 
transformer high side ground 
between the open phase and the 
transformer. 
 
 c. Two transformer high side open 
phases (simultaneously). 

 
1. An analysis of the transformer relay 
scheme will be performed to verify the 
following: 
 

a. Relay transformers have been 
correctly located. 

 
  b. Relay set points can provide 

adequate detection. 

 
1. An analysis demonstrates: 
 
The correct location of the current 
transformers for the MPT and RATs 
transformer relays. Relay set points 
ensure that the monitoring systems 
can adequately detect open phase 
conditions in any combination of 
three phases, with or without 
accompanying ground faults, on the 
high-voltage side of the MPT and 
RATs transformers. 
 

 
2.The monitoring system provides 
a Main Control Room Alarm for: 
 
 a. An open phase with no 
transformer high-side ground. 

 
 b. An open phase with a 
transformer high side ground 
between the open phase and the 
transformer. 
 
 c. Two transformer high side open 
phases (simultaneously). 

 

 
2. A test will be performed of the as-
built monitoring system, using 
simulated signals, to demonstrate that, 
at the designated relay set points, the 
MPT and RATs alarm in the Main 
Control Room. 

 
2. Using simulated signals, at the 
designated relay set points in any 
combination of the three phases, the 
as-built MPT and RATs initiate an 
alarm in the Main Control Room. 
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