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By memorandum dated August 5, 2016 (Agencywide Documents Access and Management 
System (ADAMS) Accession No. ML 16218A474), the U.S. Nuclear Regulatory Commission 
(NRC) Region Ill (RIii), Division of Reactor Projects, requested assistance from the NRC Office 
of Nuclear Reactor Regulation (NRR) to conduct a technical assessment of the licensing basis 
of the Perry Nuclear Power Plant, Unit No. 1 (PNPP) undervoltage relay protection scheme, and 
to determine whether the methodology used in the PNPP offsite/station electric power system 
design meets NRC requirements. By memorandum dated December 20, 2016 (ADAMS 
Accession No. ML 16355A444), RIii revised its request to supersede that provided on August 5, 
2016. Specifically, in Task Interface Agreement (TIA) 2016-01, dated December 20, 2016, RIii 
focused its question on compliance with the current licensing basis, as opposed to compliance 
with NRC requirements. 

The NRC staff has reviewed the matter and has determined that the licensee is in compliance 
with the PNPP licensing basis (i.e., the licensing basis in effect in 2016). The basis for this 
conclusion is provided in the enclosed TIA response. The conclusion in this TIA response 
represents the NRC staff's position based on the licensing basis information specific to PNPP. 
The conclusion presented in this TIA response is not generic and does not directly apply to 
other licensees or sites. 

Enclosure: 
Final Response to TIA 2016-01 

CONTACT: Jeanne D. Johnston, NRR/DORL 
(301) 415-1349 



FINAL RESPONSE TO TASK INTERFACE AGREEMENT 2016-01 

PERRY NUCLEAR POWER PLANT, UNIT NO. 1 

ADEQUACY OF THE DESIGN AND LICENSING BASES FOR 

THE UNDERVOL TAGE PROTECTION SCHEME 

DOCKET NO. 50-440 

1.0 INTRODUCTION 

By memorandum dated August 5, 2016 (Agencywide Documents Access and Management 
System (ADAMS) Accession No. ML 16218A474; not publicly available), the U.S. Nuclear 
Regulatory Commission (NRC) Region Ill (RIii), Division of Reactor Projects, requested 
assistance from the NRC Office of Nuclear Reactor Regulation (NRR) to conduct a technical 
assessment of the licensing basis of the Perry Nuclear Power Plant, Unit No. 1 (PNPP) 
undervoltage relay protection scheme, and to determine whether the methodology used in the 
PNPP offsite/station electric power system design meets NRC requirements. By memorandum 
dated December 20, 2016 (ADAMS Accession No. ML 16355A444; not publicly available), RIii 
revised its request to supersede that provided on August 5, 2016. Specifically, in Task Interface 
Agreement (TIA) 2016-01, dated December 20, 2016, RIii focused its question on compliance 
with the current licensing basis, as opposed to compliance with NRC requirements. 

2.0 BASIS FOR THE TASK INTERFACE AGREEMENT 

While shut down on February 11, 2016, PNPP experienced an indicated loss of power to the 
Division 1 4.16 kiloVolt (kV) bus, EH11. The event was reported to the NRC in Licensee Event 
Report (LER) 2016-003 dated April 8, 2016 (ADAMS Accession No. ML 16104A026). The LER 
stated that an invalid undervoltage (UV) signal tripped the bus supply breaker. The UV signal 
was considered 'invalid' because the UV protection scheme relays actuated even though the 
bus voltage had not degraded. As a result, the bus shed loads, including residual heat removal 
pump A that was supplying shutdown cooling at the time. Therefore, the invalid UV signal 
resulted in a loss of shutdown cooling. The Division 1 emergency diesel generator (EDG) 
automatically started upon receipt of the UV signal and connected to the EH11 bus as designed. 

According to the LER, the emergency service water (ESW) pump A did not start because the 
ESW pump A breaker logic sensed a UV condition on the EH11 bus. An ESW pump A breaker 
trip signal was locked in because the EH11 bus UV-sensing logic incorrectly indicated that the 
EH11 bus was not at rated voltage on more than one phase. Due to the locked-in UV signal, 
the ESW pump for the EDG was not available to provide cooling water. The operators manually 
shut down the EDG to prevent damage from overheating. The licensee's troubleshooting 
determined that the cause for the loss of Division 1 bus, EH11, was a failed fuse that resulted in 
a loss of "A" phase-indicated voltage to the UV-sensing logic. 

On March 28, 2016, RIii completed a reactive inspection at PNPP (ADAMS Accession 
No. ML 16147A437). During the inspection, the Special Inspection Team (SIT) identified a 
concern involving the adequacy of the PNPP UV relay protection design and licensing bases, 
which was documented in the NRC SIT Report as Unresolved Item (URI) 
05000440/2016008-01, "Coincidence Logic to Preclude Spurious Trips of the Offsite Power 
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Source." The reactive inspection was conducted, in part, to evaluate the circumstances where a 
failed fuse in the UV-sensing circuitry resulted in the loss of the offsite power to a safety bus and 
precluded the EOG from successfully performing its safety function. 

During the inspection, the SIT identified that the current design for the PNPP UV protection 
circuitry (both "loss of power'' and "degraded voltage" (DV)) uses voltage-sensing circuits that 
are shared between loss of power and DV relays. A preliminary investigation of the February 
11, 2016, event indicates that these circuits defeat a coincident logic and result in a 4.16 kV 
divisional safety bus separating from offsite power upon failure of a single potential transformer 
(PT) or the failure of a single PT fuse in the voltage-sensing circuitry. This design vulnerability 
can also prevent the associated EOG from performing its safety function of supplying power to 
the safety bus due to the loss of the ESW system. Each division of 4.16 kV safety busses at 
PNPP share the same design, sensing relays, and logic. 

Description of the System 

The PNPP UV protection scheme, described in Section 8.3.1.1.2.9.a.2 of the PNPP Updated 
Safety Analysis Report (USAR) (ADAMS Accession No. ML 17305A203), consists of two levels 
of UV protection, "Degraded Voltage" and "Loss of Power," for the Division 1 and 2 Class 1 E 
buses. The first level, or DV, is designed to protect the bus against a degraded grid voltage 
condition. The second level is designed to protect the bus against loss of offsite power. Each 
4.16 kV safety bus consists of three voltage-sensing circuits that monitor safety bus voltage and 
provide input to DV and UV relays. 

3.0 LICENSING BASIS 

The NRC staff reviewed applicable regulations, licensing decisions, and plant-specific 
design-basis information as documented in the PNPP USAR. The following sections address 
the relevant parts of the licensing basis used in the staff's evaluation. 

3.1. Applicable Regulatory Requirements 

Section 3.1 of the PNPP USAR, "Conformance with NRC General Design Criteria," (ADAMS 
Accession No. ML 17305A 198) states, in part, that: 

This section contains an evaluation of the design bases of [PNPP] as measured 
against the NRC General Design Criteria for Nuclear Power Plants, <10 CFR 50, 
Appendix A>, effective May 21, 1971, and subsequently amended July 7, 1971. 
The NRC General Design Criteria which are divided into six groups and total 55 
in number are intended to establish minimum requirements for the design of 
nuclear power plants. 

The PNPP USAR Section 3.1 further states: 

Based on the content herein, [PNPP] fully satisfies and is in compliance with the 
NRC General Design Criteria. 
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Appendix A to Part 50 of Title 10 of the Code of Federal Regulations ( 1 O CFR), General Design 
Criterion (GDC) 17, "Electric power systems," requires, in part: 

An onsite electric power system and an offsite electric power system shall be 
provided to permit functioning of structures, systems, and components important 
to safety. The safety function for each system (assuming the other system is not 
functioning) shall be to provide sufficient capacity and capability to assure that 
(1) specified acceptable fuel design limits and design conditions of the reactor 
coolant pressure boundary are not exceeded as a result of anticipated 
operational occurrences and (2) the core is cooled and containment integrity and 
other vital functions are maintained in the event of postulated accidents. 

In addition, GDC 17 states: 

Provisions shall be included to minimize the probability of losing electric power 
from any of the remaining supplies as a result of, or coincident with, the loss of 
power generated by the nuclear power unit, the loss of power from the 
transmission network, or the loss of power from the onsite electric power 
supplies. 

Section 10 CFR 50.34(b), "Final safety analysis report," requires, in part, that: 

3.2 

The final safety analysis report shall include information that describes the 
facility, presents the design bases and the limits on its operation, and presents a 
safety analysis of the structures, systems, and components and of the facility as 
a whole, and shall include ... (2) A description and analysis of the structures, 
systems, and components of the facility, with emphasis upon performance 
requirements, the bases, with technical justification therefor, upon which such 
requirements have been established, and the evaluations required to show that 
safety functions will be accomplished. The description shall be sufficient to 
permit understanding of the system designs and their relationship to safety 
evaluations. 

Initial Licensing of PNPP 

Degraded and undervoltage design issues, such as those that were observed at Millstone 
Power Station and Arkansas Nuclear One, were addressed during the NRC staff's initial 
licensing review of PNPP. During the NRC staff's review of information provided in the final 
safety analysis report (FSAR), the NRC staff identified its position to address the issues, as 
documented in Amendment 8 to the FSAR, dated August 25, 1982, Question and Response 
(Q&R) 430. 77 (ADAMS Legacy Accession No. 8208260129): 

Based upon these above events, we have developed the following four-part 
technical position: 

1. In addition to the undervoltage scheme provided to detect loss of offsite 
power at the Class 1 E buses, a second level of undervoltage protection with 
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time delay should also be provided to protect the Class 1 E equipment; this 
second level of undervoltage protection shall satisfy the following criteria: 

a. The selection of undervoltage and time delay setpoints shall be 
determined from an analysis of the voltage requirements of the Class 1 E 
loads at all onsite system distribution levels. 

b. Two separate time delays shall be selected for the second level of 
undervoltage protection based on the following conditions: 

(1) The first time delay should be of a duration that establishes the 
existence of a sustained degraded voltage condition (i.e., something 
longer than a motor starting transient). Following this delay, an alarm 
in the control room should alert the operator to the degraded 
condition. The subsequent occurrence of a safety injection actuation 
signal (SIAS) should immediately separate the Class 1 E distribution 
system from the offsite power system. 

(2) The second time delay should be of a limited duration such that the 
permanently connected Class 1 E loads will not be damaged. 
Following this delay, if the operator has failed to restore adequate 
voltages, the Class 1 E distribution system should be automatically 
separated from the offsite power system. Bases and justification must 
be provided in support of the actual delay chosen. 

c. The voltage sensors shall be designed to satisfy the following applicable 
requirements derived from IEEE Std. 279-1971, "Criteria for Protection 
Systems for Nuclear Power Generating Stations": 

(1) Class 1E equipment shall be utilized and shall be physically located at 
and electrically connected to the Class 1 E switchgear. 

(2) An independent scheme shall be provided for each division of the 
Class 1 E power system. 

(3) The undervoltage protection shall include coincidence logic on a per 
bus basis to preclude spurious trips of the offiste [sic] power source. 

(4) The voltage sensors shall automatically initiate the disconnection of 
offsite power sources whenever the voltage setpoint and time delay 
limits (cited in Item 1.b.2 above) have been exceeded. 

(5) Capability for test and calibration during power operation shall be 
provided. 

(6) Annunciation must be provided in the control room for any bypasses 
incorporated in the design. 

d. The Technical Specifications shall include limiting conditions for 
operations, surveillance requirements, trip setpoints with minimum and 
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maximum limits, and allowable values for the second-level voltage 
protection sensors and associated time delay devices. 

2. The Class 1 E bus load shedding scheme should automatically prevent 
shedding during sequencing of the emergency loads to the bus. The load 
shedding feature should, however, be reinstated upon completion of the load 
sequencing action. The technical specifications must include a test 
requirement to demonstrate the operability of the automatic bypass and 
reinstatement features at least once per 18 months during shutdown. 

In the event an adequate basis can be provided for retaining the load shed 
feature during the above transient conditions, the setpoint value in the 
Technical Specifications for the first level of undervoltage protection (loss of 
offsite power) must specify a value having maximum and minimum limits. 
The basis for the setpoints and limits selected must be documented. 

3. The voltage levels at the safety-related buses should be optimized for the 
maximum and minimum load conditions that are expected throughout the 
anticipated range of voltage variations of the off site power sources by 
appropriate adjustment of the voltage tap settings of the intervening 
transformers. The tap settings selected should be based on an analysis of 
the voltage at the terminals of the Class 1 E loads. The analyses performed 
to determine minimum operating voltages should typically consider maximum 
unit steady state and transient loads for events such as a unit trip, 
loss-of-coolant accident, startup or shutdown; with the offsite power supply 
(grid) at minimum anticipated voltage and only the offsite source being 
considered available. Maximum voltages should be analyzed with the offsite 
power supply (grid) at maximum expected voltage concurrent with minimum 
unit loads (e.g., cold shutdown, refueling). A separate set of the above 
analyses should be performed for each available connection to the offsite 
power supply. 

4. The analytical techniques and assumptions used in the voltage analyses 
cited in item 3 above must be verified by actual measurement. The 
verification and test should be performed prior to initial full power reactor 
operation on all sources of offsite power by: 

a. Loading the station distribution buses, including all Class 1 E buses down 
to the 120/208 V level, to at least 30%. 

b. Recording the existing grid and Class 1 E bus voltages and bus loading 
down to the 120/208 volt level at steady state conditions and during the 
starting of both a large Class 1 E and non-Class 1 E motor (not 
concurrently). Note: To minimize the number of instrumented locations 
(recorders) during the motor starting transient tests, the bus voltages and 
loading need only be recorded on that string of buses which previously 
showed the lowest analyzed voltages from item 3 above. 

c. Using the analytical techniques and assumptions of the previous voltage 
analyses cited in item 3 above, and the measured existing grid voltage 
and bus loading conditions recorded during conduct of the test, calculate 
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a new set of voltages for all the Class 1 E buses down to the 120/208 volt 
level. 

d. Compare the analytical derived voltage values against the test results. 

With good correlation between the analytical results and the test results, the test 
verification requirement will be met. That is, the validity of the mathematical 
model used in performance of the analyses of item 3 will have been established; 
therefore, the validity of the results of the analyses is also established. In 
general the test results should not be more than 3% lower than the analytical 
results; however, the difference between the two when subtracted from the 
voltage levels determined in the original analyses should never be less than the 
Class 1 E equipment rated voltages. 

3.2.1 Relationship between BTP PSB-1 and PNPP Licensing Basis 

During initial licensing, the NRC staff outlined that the purpose of the UV relays is to protect 
Class 1 E safety-related buses from sustained DV or loss of offsite power conditions and 
explicitly delineated the specific design requirements to satisfy license condition for PNPP. This 
guidance was subsequently documented in NUREG-0800, Branch Technical Position (BTP) 
PSB-1, "Adequacy of Station Electric Distribution System Voltages," Revision 0, dated July 1981 
(ADAMS Accession No. ML052350520). The BTP PSB-1 references events at Millstone Power 
Station and Arkansas Nuclear One that led to the NRC staff establishing the position. The 
conformance of PNPP with BTP PSB-1 is documented in Item a.2 of PNPP USAR Section 
8.3.1.1.2.9, "Electric Circuit Protection System Network," (ADAMS Accession No. 
ML 17305A203) which states, in part: 

Two levels of undervoltage protection, "Degraded Voltage" and "Loss of Power", 
are provided on each Class 1 E 4160V bus to conform to the requirements of the 
NRC Branch Technical Position PSB-1. 

3.2.2 BTP PSB-1 Overview 

The BTP PSB-1 provides guidance for conformance with the requirements of GDC 17 for the 
availability of onsite power in the event of inoperable offsite power source and maintaining 
reliability by minimizing the probability of losing a power source. The BTP states, in part: 

Events at the Millstone [Power] [S]tation have shown that adverse effects on the 
Class 1 E loads can be caused by sustained low grid voltage conditions when the 
Class 1 E buses are connected to offsite power. These low voltage conditions will 
not be detected by the loss of voltage relays (loss of offsite power) whose low 
voltage pickup setting is generally in the range of . 7 per unit voltage or less. 

The Millstone Power Station event illustrated an event where the offsite power source was 
degraded and could not support safe shutdown of the plant, the plant safety buses remained 
connected to the inoperable source, and the onsite power system would have been precluded 
from supporting safe shutdown of the plant resulting in a condition where neither the offsite 
power nor the onsite power systems were available to support plant shutdown. This condition 
was contrary to the requirements of GDC 17. 
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To maintain the reliability of offsite power, Section 8.1.(c) of the BTP also states a requirement 
derived from IEEE Standard 279-1971, "Criteria for Protection Systems for Nuclear Power 
Generating Stations": 

(3) The undervoltage protection shall include coincidence logic on a per bus 
basis to preclude spurious trips of the offsite power source. 

As such, the BTP recommends, in part, coincidence logic to preclude spurious trips of the offsite 
power source. The intent of coincidence logic is to preclude inadvertent operation of a logic 
scheme to actuate protective actions based on (spurious) operation or detection by a single 
element. This requirement is typically translated into design by using several sensing elements 
and combining the output from at least two elements (coincident logic), measuring similar 
parameters, to actuate required actions. This method provides reasonable assurance that the 
sensing elements have independently detected a valid abnormality. 

The BTP also provides guidance to minimize the probability of losing electric power from any of 
the remaining supplies as a result of, or coincident with, the loss of power generated by the 
nuclear power unit, the loss of power from the transmission network, or the loss of power from 
the onsite electric power supplies. Specifically, Section 8.2 of the BTP states, in part, "The 
Class 1 E bus load shedding scheme should automatically prevent shedding during sequencing 
of the emergency loads to the bus. The load shedding feature should, however, be reinstated 
upon completion of the load sequencing action." To ensure successful sequencing of loads 
onto the onsite power and satisfy the intent of the BTP and GDC 17 requirement for ensuring 
that the remaining source of power is available, nuclear power plant designs typically 
incorporate a bypass circuit for the undervoltage relay contacts during load sequencing. 

3.2.3 NRC-lssued Safety Evaluation Report 

The NRC staff, in addressing PNPP's UV protection system design for conformance with BTP 
PSB-1, stated in Section 8.2.4 of the Safety Evaluation Report (SER) for PNPP, dated 
May 31, 1982 (ADAMS Legacy Accession No. 8206170055), that: 

The following items were addressed in the evaluation of the Perry design for 
conformance with the Branch Technical Position PSB-1, "Adequacy of Station 
Electric Distribution System Voltages." 

(1) The applicant states in the FSAR that degraded voltage conditions for the 
Class 1 E power system are detected by an undervoltage protection 
system on each division. The system consists of two sets of 
instantaneous voltage relays which actuate solid-state timers. The 
voltage relay and timer setpoints are determined from an analysis of the 
voltage requirements of the safety-related loads at all distribution levels. 
The system includes specific coincident logic for each bus. The timer 
setpoints are based on the accident analysis and minimization of the 
effect of short-term disturbances. The applicant has committed to 
provide the final design of the first and second level undervoltage 
protection of the safety equipment, in conformance with the staff 
position, before plant startup. ( emphasis added) Therefore, the staff 
finds this to be acceptable pending confirmation of the setpoint values 
and analysis. 
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(2) Load shedding will be prevented during an automatic load 
sequencing operation, but will be reinstated on completion of the 
load sequencing operation. This is consistent with the staff position 
and is, therefore, acceptable (emphasis added). 

(3) An analysis has been performed to determine the minimum operating 
voltages that will be experienced at safety-related buses. Voltage tap 
settings of the intervening transformers are set to yield optimum voltage 
levels on the emergency buses for the full-load and minimum-load 
conditions expected throughout the anticipated voltage variations of the 
offsite power source. The staff finds this acceptable. 

The NRC staff's analysis continued: 

The applicant has committed to provide the final design of the first and second 
level undervoltage protection of the safety equipment in conformance with the 
staff position before plant startup. Therefore, the staff finds this to be acceptable 
pending confirmation of the set point values and analysis. 

The NRC staff identified this item as Confirmatory Item No. 34, "Final design setpoint values 
and analysis for first and second level undervoltage protection of safety equipment," in 
Section 1.10 of the SER. In Section 8.2.5 of the SER, the staff also stated that "[o]n the basis of 
this review ... , the staff concludes that the offsite power system for Perry meets the requirements 
of GDC 17 and 18 and is, therefore, acceptable." 

3.2.4 Licensee Response to Open Items 

To address Confirmatory Item No. 34, the licensee submitted two letters, dated June 8 and 
August 26, 1982 (ADAMS Accession Nos. ML 18019A852 and ML 18019A853, respectively), and 
the licensee provided details of the DV relay setpoints and time delays to be utilized at PNPP. 

The letter dated June 8, 1982, "SER Confirmatory Item - Undervoltage Protection," is a 
follow-up on the outstanding issues from the May 31, 1982, SER and delineates steps taken to 
establish the setpoints for the undervoltage relays as identified in the SER. 

The letter states, in part, that: 

Further review and analysis of the Class 1 E undervoltage protection scheme has 
been conducted in response to FSAR question 430.77. A variety of grid 
conditions were evaluated and computer simulations used to study the effects of 
the 345 kV system grid voltages in relation to the Class 1 E bus voltage. Voltage 
analyses in both steady state and transient condition were performed. 

From the voltage analyses perspective, this letter states: 

In evaluation of this study, the auxiliary system provides sufficient and reliable 
voltage necessary for starting Class 1 E motors in all cases except the highly 
improbable sequence described above. In order to provide further assurance of 
required Class 1 E operation even under the most adverse conditions, two levels 
of undervoltage protection will be provided for the Class 1 E buses. 
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This letter provides details on the first and second level UV relay setpoints, an overview of the 
functions of the UV relays to protect safety related motors from grid related UV conditions, and 
the signals used for starting the onsite EDGs during UV and/or accident signals. 

The letter further states: 

This undervoltage scheme described above is presently being incorporated into 
our design. Testing will also be conducted to insure correct relay settings. The 
final design and settings will be established after a review of our onsite 
preoperational test results. 

Additionally, we are following the development of Class 1 E inverse undervoltage 
relay which could have direct application in an undervoltage scheme. We are 
proceeding with the undervoltage protection system described herein. Any 
changes to this design would be reviewed with the staff prior to implementation. 

In the August 26, 1982, letter, the licensee provided the refinements associated with relay 
setpoints for the first and second level of undervoltage protection, as well as the time delay 
settings for the first and second level protection. Specifically, the licensee stated: 

The following information is provided to amend our June 8, 1982, letter regarding 
SER Confirmatory Item No. 34 on undervoltage protection .... 

In an effort to optimize the design of the Class 1 E undervoltage protection 
scheme, we have further analyzed our system design. This review has identified 
some refinements in the design which will necessitate the following changes to 
our original response. 

To avoid tripping the offsite breakers during normal load sequencing, the setpoint 
for the first level of undervoltage protection has been changed to trip at 75% of 
motor rated voltage instead of 86%. The three second fixed time delay will still 
remain in effect. 

Additionally, the diesel generator start signal after the 15 second time delay from 
the second level of undervoltage has been eliminated. In order to prevent 
unnecessary engine starts, this timer will alarm only, allowing operator initiation if 
the diesels are needed. 

The undervoltage protection will not be bypassed during load sequencing 
operations. The setpoint values have been selected to prevent tripping of safety 
busses during sequencing operations. 

The attached sketches are provided to clarify the logic for a typical bus 
undervoltage protection scheme. 

As stated in our June 8 letter, the final design and setpoints will be established 
after a review of our onsite preoperational test results. Any changes to this 
design would be reviewed with the staff prior to implementation. 

To support the above statements in the letter, the licensee also provided sketches of preliminary 
drawings numbered "AGM SH. 1 of 2" and "AGM SH. 2 of 2" depicting portions of the 
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preliminary design for a typical bus UV protection scheme. The two sketches did not provide 
any information on the EDG start circuit and how the coincident logic was satisfied. As stated in 
the letter, the final design was pending a review of onsite preoperational test results. 

Other than the exception that the undervoltage protection will not be bypassed during load 
sequencing operations, the licensee did not identify any deviations to design requirements 
delineated in FSAR question 430. 77 or to the May 31, 1982, SER statements. 

3.2.5 NRG-Issued Supplemental Safety Evaluation Report 

In a Supplemental Safety Evaluation Report (SSER) dated January 1983 (ADAMS Legacy 
Accession No. 8302100276), the NRC staff stated that the applicant has provided details of the 
final design in a letter dated August 26, 1982. The SSER stated that the loss of power 
protection relays were arranged in a two-out-of-two coincident logic, and in the degraded grid 
voltage protection, the relays were arranged in a two-out-of-two coincident logic to initiate two 
separate time-delay relays. The SSER did not explicitly discuss the sensing circuit and the lack 
of coincident logic. However, the staff concluded that the applicant's final design of the first and 
second level UV protection of safety equipment was acceptable; thus, Confirmatory Item No. 34 
listed in Section 1.10 of the SER was satisfactorily resolved. 

3.2.6 Plant-Specific Design-Basis Information as Documented in the USAR 

The automatic bus loading and stripping for EDGs and the UV scheme is described in the PNPP 
USAR sections discussed below. The NRC staff's evaluation documented in the SER describes 
each level of voltage protection relays (loss of power and degraded voltage) as being arranged 
in two-out-of-two coincident logic. In the USAR Section 8.3.1.1.2.6, the same coincident logic is 
described for both levels of UV protection scheme relays as "1 of 3 taken twice." The BTP 
guidance indicates that two-out-of-two relay configuration for each level of UV protection or 1 of 
3 taken twice for UV protection schemes meets the intent to preclude spurious trips. 

Section 8.3.1.1.2.6 of the USAR, Revision 19, dated October 2015, "Automatic Bus Loading and 
Stripping," states, in part: 

The diesel generator for each division is automatically started upon receipt of a 
[loss-of-coolant accident (LOCA)] signal, an undervoltage signal or a degraded 
voltage signal at the associated division bus. If the diesel generator is started by 
a LOCA signal only, the diesel generator is not connected to the bus but remains 
in standby operation, non-Class 1 E 4.16 kV buses (stub buses) fed from 
Division 1 and Division 2 buses are shed, and LOCA loads are started and fed 
from offsite power. If an undervoltage or degraded voltage signal also exists, 
Class 1 E bus feeder breakers, except the O time load breakers shown in 
<Table 8.3-1 >, are tripped by bus undervoltage or degraded voltage which is 
detected at each division bus by six single phase undervoltage relays arranged in 
1 of 3 taken twice logic. For Division 1 and Division 2, 4.16 kV load circuit 
breakers ( except those protecting unit substations and [low pressure core spray 
(LPCS)] Pump) are tripped; Division 3, 4.16 kV load circuit breakers remain 
closed following a 4.16 kV bus undervoltage signal. 

Section 8.3.1.1.2.9.a.2 of the USAR, Revision 19, dated October 2015, "Voltage Relaying," 
states the following: 
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Two levels of undervoltage protection, "Degraded Voltage" and "Loss of Power", 
are provided on each Class 1 E 4160V bus to conform to the requirements of the 
NRC Branch Technical Position PSB-1. 

The first level is designed to protect the bus against a degraded grid voltage 
condition. This system consists of two sets of three undervoltage relays, 
arranged in a 1-of-3 twice logic scheme, and associated time delay relays to 
perform the following if the 4.16 kV bus voltage degrades to a condition between 
the "Degraded Voltage" relay setpoint and the "Loss of Power'' relay setpoint. 

a) Degraded voltage alarms are initiated after a brief period of 
sustained degraded voltage. 

b) The offsite source breakers are tripped after an extended period of 
sustained degraded voltage without a concurrent LOCA, and the 
Class 1 E bus is then energized from the diesel generator power 
supply. 

c) If a LOCA occurs concurrent with the degraded voltage (between 
the "Degraded Voltage" relay setpoint and the "Loss of Power'' 
relay setpoint), the offsite circuit breakers are tripped after only a 
brief period of time. 

The second level is designed to protect the bus against loss of power. This 
system consists of two sets of three undervoltage relays, arranged in a 1-of-3 
twice logic scheme, and an associated time delay relay. With a bus voltage 
below the "Loss of Power'' relay setpoint, the offsite power source breakers will 
be tripped after several seconds, the diesel will be started, and the diesel 
generator will be connected to the bus. 

4.0 LICENSEE'S POSITION 

The licensee has stated that its position is that the original design has been maintained and that 
this original design was approved by the NRC during the initial licensing. Specifically, the 
licensee contends that the current design of the PTs, protective fusing, and the UV relays for the 
4.16 kV engineered safety feature busses is reflective of the original design and licensing basis. 
The licensee also contends that the relevant documents indicate that the NRC staff used BTP 
PSB-1 in its review of the PNPP licensing and design basis and was aided by the schematics 
contained in the licensee's letter dated August 26, 1982, which, the license contends, are 
reflective of PNPP's current design. This licensee position was documented in a white paper, 
"Regulatory Treatment - PNPP UV/DV Circuitry Design Issue," provided to the NRC. The white 
paper can be found as an attachment to the original TIA request (ADAMS Accession 
No. ML 16218A474; not publicly available). Additionally, by letter dated June 7, 2016, the 
licensee committed to perform modifications to eliminate the design vulnerability (ADAMS 
Accession No. ML 16166A197). 

5.0 NRC STAFF EVALUATION 

As discussed in the December 20, 2016, TIA request (ADAMS Accession No. ML 16355A444; 
not publicly available), the PNPP undervoltage protection scheme for a single 4 kV safety bus 
consists of three voltage sensing circuits that monitor safety bus voltage ( one sensing circuit per 
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phase). The voltage sensing circuit includes one PT ( 4160 V to 120 V) with a single fuse on 
each side of the PT. The output voltage from each PT is shared between multiple loss of power 
and DV relays. Thus, a failure of a PT or a fuse in a single sensing circuit results in actuation of 
the loss of power and DV relays in multiple channels. The UV relays initiate a load shedding 
circuitry for the respective safety buses and isolate the plant safety busses from the offsite 
power source. The UV relay contacts are also used in the starting circuit of safety related pump 
motors and valves including the ESW pump motors. The ESW pump supplies cooling water to 
the EDG. The ESW pump start logic design is such that, with the UV relays actuated, the pump 
breaker is prevented from closing on a start signal, by either use of control switch or automatic 
starting circuitry. This feature prevents damage to the pump during low or DV conditions. 

Question: "Is [PNPP] in compliance with its current licensing basis (i.e., the licensing basis 
in effect in 2016) with respect to the [undervoltage protection scheme]?" 

Response: Yes, PNPP is in compliance with its current licensing basis (i.e., the licensing 
basis in effect in 2016) with respect to the undervoltage protection scheme. 

During the pre-operational licensing phase of the plant, Confirmatory Item No. 34 on 
undervoltage protection was established under FSAR Question 430. 77. In Section 8.2.4 of the 
SSER dated January 1983 (ADAMS Legacy Accession No. 8302100276), the NRC staff stated 
that the applicant has provided details of the final design in a letter dated August 26, 1982. The 
SSER stated that the loss of power protection relays were arranged in a two-out-of-two 
coincident logic, and in the degraded grid voltage protection, the relays were arranged in a 
two-out-of-two coincident logic to initiate two separate time-delay relays. The SSER did not 
explicitly discuss the sensing circuit and the lack of coincident logic. However, the staff 
concluded that the applicant's final design of the first and second level UV protection of safety 
equipment was acceptable; thus, Confirmatory Item No. 34 listed in Section 1.1 O of the SER 
was satisfactorily resolved. 

In view of the NRC staff's closure of Confirmatory Item No. 34 and its stated acceptance of the 
final design of PNPP, the TIA response concludes that the plant is in compliance with its current 
licensing basis. A review of the SSER and correspondence related to Confirmatory Item No. 34 
on the undervoltage protection scheme indicates that the NRC staff reviewers (that reviewed 
and approved the original license in 1982/83) had information regarding the final design and had 
accepted this final design. Additionally, the current design is reflective of the accepted final 
design. Therefore, NRR does not have a basis to determine that the plant's design is not in 
accordance with its licensing basis. 

The licensee identified a design vulnerability in the UV/DV protection system as described in its 
letter dated June 7, 2016 (ADAMS Accession No. ML 16166A197). In this letter, the licensee 
has committed to modify the design of the UV/DV circuits for all three divisions to "prevent a 
failed fuse from satisfying the coincident logic and causing a separation of the offsite power 
source from the safety bus when no UV/DV condition exists." The NRR staff notes that a failure 
of any of the PTs would also result in separation of the offsite power source from the safety bus. 
The NRR staff believes that modifications to the UV/DV protection system to prevent separation 
of the offsite power source from the safety buses are prudent to preclude another event similar 
to the one that occurred on February 11, 2016. 
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6.0 CONCLUSION 

The NRR staff has determined that the licensee is in compliance with its licensing basis. 
However, there is a design vulnerability that exists, which can defeat coincident logic. The 
licensee has committed to modify the UV/DV protection design to address this vulnerability. 

7.0 POTENTIAL OUTCOMES 

• Immediate Implications: There is no immediate safety concern as the licensee has 
taken short term corrective actions to replace faulty fuses in the applicable buses. Upon 
receiving the conclusions of this TIA, the licensee may take actions to correct the design 
vulnerability as committed to in the letter dated June 7, 2016. The RIii may consider 
establishing a confirmatory action letter to document the licensee's commitment to 
implement permanent corrective actions in a timely manner. 

• Generic Implications: The issue addressed in this TIA response is specific to the PNPP 
licensing basis. However, the NRC staff will evaluate any generic implications for similar 
design vulnerabilities as appropriate. 

• Backfit Considerations: Although PNPP is in compliance with its licensing basis, RIii 
may consider evaluating the lack of coincident logic as a design vulnerability through the 
backfit process in accordance with Management Directive 8.4, "Management of 
Facility-Specific Backfitting and Information Collection." 
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