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8.0 ELECTRIC POWER
8.1 Introduction
8.1.1 General

Offsite electric power is provided to the US-APWR plant site from the grid by at least two
physically independent transmission lines. The plant’s high voltage switchyard is site-
specific and is not part of the reference plant design. During the plant startup and
shutdown and during all postulated accident conditions, the offsite electric power is
supplied to the plant site from the plant high voltage switchyard through two physically
independent transmission tie lines. One of these two transmission tie lines connects to
the high voltage side of the main transformer (MT), and the other connects to the high
voltage side of the reserve auxiliary transformers (RATs). The main generator (MG) is
connected to the low voltage side of the MT and the high voltage side of the unit
auxiliary transformers (UATs). There is a generator load break switch (GLBS) between
the MG and the MT. When the MG is on-line, it provides power to the onsite non safety-
related electric power system except permanent power system through the UATs. When
the GLBS is open, offsite power to the onsite non safety-related electric power system
except permanent power system is provided through the MT and the UATs. With the
GLBS either open or closed, offsite power to the onsite safety-related electric power
system and permanent power system is provided through the RATs. If power is not
available through the UATSs, offsite power is provided to both safety-related and non
safety-related onsite electric power system through the RATs. Similarly, if power is not
available through the RATSs, offsite power is provided to both safety-related and non
safety-related onsite electric power system through the UATs.

The onsite electric power system provides power to all plant auxiliary and service loads.
The onsite electric power system is comprised of alternating current (ac) and direct
current (dc) systems. Both ac and dc onsite electric power systems have a safety-
related Class 1E power system feeding all Class 1E loads, and a non safety-related non-
Class 1E power system feeding all non-Class 1E loads. The Class 1E onsite power
system has four independent trains. Each train of the Class 1E ac onsite power system,
in addition to their connection to offsite power sources from the grid, has an onsite
emergency power source, consisting of a generator driven by a gas turbine. Each train
of the Class 1E dc onsite power distribution system, in addition to their connection to
corresponding ac train through a battery charger, is provided with a dedicated Class 1E
battery power source.

The reference plant has two circuits connected to offsite power sources, four onsite
Class 1E emergency gas turbine generator (GTG) power sources, two onsite non-Class
1E GTG power sources and, four Class 1E and four non-Class 1E dc battery power
sources. The non-Class 1E GTGs provide power to all electrical loads that are required
to bring and maintain the unit in safe-shutdown mode upon the loss of all offsite and
onsite ac power sources.

Figure 8.1-1 is a simplified electrical one line diagram depicting the ac and dc onsite and
offsite electric power system for the reference plant.

Tier 2 8.1-1 Revision 0
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8.1.2 Utility Power Grid and Offsite Power System Description
8.1.21 Utility Power Grid Description

The plant operating company’s grid system and its interconnections to other grid
systems and generating stations are site-specific and not within the scope of the
reference plant design. The Combined License (COL) Application addresses those
items.

8.1.2.2 Offsite Power System Description

Offsite power sources are the preferred sources of power for the safety-related Class 1E
onsite electric power system. The normal preferred source is grid power through the
RATSs to the safety-related Class 1E 6.9 kV buses. The alternate preferred source is the
grid power backfed through the MT and through the UATSs to the safety-related Class 1E
6.9 kV buses.

The circuit breakers at the switchyard, the transmission tie lines between the switchyard
and the plant, the MT, isolated phase busduct (IPB), GLBS, UATs, RATs, and their
connections to the 13.8 kV and 6.9 kV buses, are the major components of the offsite
electric power system. The offsite power system begins at the terminals on the
transmission line side of the circuit breakers at the switchyard connecting to the
transmission systems. It ends at the line side terminals of the main power supply circuit
breakers feeding the 13.8 kV and 6.9 kV buses, and at the terminals on the MT side of
the GLBS.

During the plant startup, normal and emergency shutdown, including all postulated
accident conditions, the offsite power system brings power from the offsite transmission
system to the onsite electric power system. During normal plant operation, the offsite
power system is used to transmit generated power to the offsite transmission systems
and to provide power to plant auxiliary and service loads through the onsite electric
power system.

The components of the offsite power system that are associated with the normal
preferred power supply (PPS), and the components that are associated with the
alternate preferred power supply are physically separated and designed to exclude, to
the extent practical, the potential for simultaneous failure of the normal and alternate
preferred power supply systems under operating, and postulated accident conditions.

8.1.3 Onsite Power System Description

The onsite power system consists of an ac power system and a dc power system. Both
systems are comprised of Class 1E and non-Class 1E subsystems. All plant auxiliary
and service loads are supplied power from the onsite power system. Two independent
power circuits of the offsite power system can supply power to the onsite power system.
Four Class 1E GTGs provide backup power to the ac Class 1E onsite power system.
The reference plant also has two non-Class 1E GTGs as alternate alternating current
(AAC) power source. Both Class 1E and non-Class 1E dc systems are normally
powered by the battery chargers connected to the onsite ac power system. When power
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supply from the battery charger is not available, the onsite dc power system is supplied
power from station batteries.

There are two non-Class 1E 13.8 kV medium voltage (MV) buses N1 and N2, four non-
Class 1E 6.9 kV MV buses N3, N4, N5 and N6, two non-Class 1E 6.9 kV MV permanent
buses P1 and P2, and four Class 1E 6.9 kV MV buses A, B, C and D. All low voltage
buses are provided power from the MV buses. Each of the Class 1E 6.9 kV MV buses
has its own onsite Class 1E standby emergency power source. Similarly, each of the
non-Class 1E 6.9 kV MV permanent buses has its own onsite non-Class 1E standby
emergency power source, designated as AAC power source. All MV buses can be
powered from either UAT or RAT.

There are four, two-winding, UATs, namely UAT1, UAT2, UAT3, and UAT4. The high
side of these transformers is connected to the main generator isolated phase bus down-
stream of the GLBS. During normal power operation of the plant with the GLBS closed,
the MG provides power to the plant MV buses N1, N2, N3, N4, N5 and N6 through the
UATs. During all other modes of plant operation, including postulated accident (PA),
with the GLBS open, these MV buses are powered through the UATs by back-feeding
the MT from the offsite power sources. During all modes of plant operation including
startup, normal and emergency shutdown and PA, the MV Class 1E buses A, B, C and
D, and MV non-Class 1E permanent buses P1 and P2, are powered through the RATs
from offsite power sources.

There are four, three-winding RATs, namely RAT1, RAT2, RAT3, and RAT4. The high
side of these transformers is connected to the high voltage transmission tie line from the
switchyard. The transmission tie line voltage level is site-specific. This is the normal
preferred power source for all plant safety-related auxiliary and service loads. RAT1 and
RAT2 can feed the 13.8 kV non-Class 1E buses N1 and N2, respectively. RAT3 can
feed the Class 1E 6.9 kV buses A and B, and non-Class 1E buses N3, N4 and P1.
RAT4 can feed the Class 1E 6.9 kV buses C and D, and non-Class 1E buses N5, N6
and P2.

Each of the safety-related and non safety-related MV buses (non-Class 1E 13.8 kV
buses N1 and N2; Class 1E 6.9 kV buses A, B, C, and D; and non-Class 1E 6.9 kV
buses N3, N4, N5, N6, P1 and P2) is connected to both an UAT and a RAT. For all
Class 1E (A, B, C and D) and permanent (P1 and P2) MV buses, power from the RAT is
the normal preferred source and power from the UAT is the alternate preferred source.
Each safety-related MV bus also has its own backup emergency power supply from a
safety-related Class 1E GTG. MV permanent buses P1 and P2 also have their own
backup emergency power supply from a dedicated non-Class 1E GTG.

In addition to the 13.8 kV and 6.9 kV MV levels, the onsite power distribution system has
also other low voltage (480 V ac, 208/120 V ac, 125 V dc, etc.) power distribution
systems. The MV buses feed the 480V load center buses through the station service
transformers (SSTs). The 480V load center buses feed the 480V motor control center
(MCC) buses except the 480V ac motor operated valve (MOV) MCCs, which are
supplied from the inverters. The 480V MCC buses feed the 208/120 V buses through
distribution transformers. The 480V MCC buses also feed the 125 V dc buses through
battery chargers. The safety-related MV buses A, B, C and D feed the corresponding
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safety-related low voltage buses, and the non safety-related MV buses feed the non
safety-related low voltage buses.

The onsite power distribution system also includes both safety and non-safety
instrumentation and control (I&C) power supply systems. The I&C power supply
systems are 120 V ac uninterruptible power supply (UPS) systems used for the
reference plant’s instrumentation and control systems. The UPS systems are normally
powered from the 480V MCCs through inverters with battery backup.

8.1.3.1 Safety Systems

The Class 1E ac onsite power system configuration is shown in Figure 8.3.1-1. The
Class 1E 120 V ac I&C power supply system configuration is shown in Figure 8.3.1-3.
The Class 1E dc power distribution system configuration is shown in Figure 8.3.2-1.

Both Class 1E ac and dc onsite power systems consist of four completely independent
power supply systems, identified as A, B, C, and D train. In general, the plant safety-
related loads are also divided into A, B, C, and D redundant load groups (four 50%
systems). Each load group is served by a corresponding train of the power supply
system. The safety systems that have four load groups require any two out of the four
load groups to be operable for the applicable safety function. There are some safety-
related ac and dc loads that are divided into two redundant load groups (two 100%
systems). The safety systems that have two load groups require one out of the two load
groups to be operable for the applicable safety function. These two 100% ac load
groups are served by Class 1E 480V load center buses A1 and D1. The A1 load center
bus is normally connected to the train A Class 1E 480V load center. During a
maintenance outage of train A GTG, the A1 load center is manually connected to the
train B Class 1E 480V load center. Similarly, The D1 load center bus is normally
connected to the train D Class 1E 480V load center. During a maintenance outage of
train D GTG, the D1 load center is manually connected to the train C Class 1E 480V
load center. The two 100% dc load groups are served basically by Class 1E 125V dc
buses A1 and D1. The A1 dc bus is normally connected to the train A Class 1E 125V dc
bus. During a maintenance outage of train A GTG, the A1 dc bus is manually connected
to the train B Class 1E 125V dc bus. The D1 bus connection is similar to A1 bus. The
onsite ac and dc distribution configuration provides for safe shutdown of the plant with
any two safety-related power supply trains assuming a single failure coincident with
online maintenance of a Class 1E GTG in any other train.

8.1.3.2 Non Safety Systems

The ac non safety-related power distribution system configuration is shown in Figure
8.3.1-1. The non safety ac 1&C power supply system configuration is shown in Figure
8.3.1-3. The non safety dc power distribution system configuration is shown in Figure
8.3.2-2.

The majority of the plant non safety auxiliary and service loads are divided into two or
more load groups for improved plant performance and reliability. Accordingly, the non
safety-related ac, dc and the I&C power supply systems are also divided into two or
more redundant groups. However, there is no specific physical separation or electrical
isolation requirements between these redundant groups. Non safety-related power

Tier 2 8.1-4 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

distribution system buses are designated with prefix “N” or “P.” The P buses can be
powered from the alternate ac power sources. The N and P power distribution systems
are electrically isolated and physically separated from all trains of the Class 1E safety-
related power distribution system.

8.1.4 Safety-Related Loads

Safety-related loads are defined as those systems and components that require electric
power in order to perform their safety functions. The safety-related loads are supplied
power from the safety-related Class 1E power distributions systems. The ac safety
loads are listed in Table 8.3.1-4 and Table 8.3.1-7. The dc safety loads are listed in
Table 8.3.2-1.

8.1.5 Design Bases
8.1.5.1 Offsite Power System

The transmission grid and its interconnections to other generating stations and other grid
systems are site-specific. The plant high voltage switchyard and the transmission tie
lines (minimum two) between the plant high voltage switchyard and the transformer yard
at the plant site are also site-specific. The following are the design bases that are
applicable to offsite power system, irrespective of whether they are part the reference
plant design. For the components and systems that are not part of the reference plant
design, conformance to these design bases will be assured by the COL
Applicant/Licensee.

All plant loads are supplied offsite power from four UATs or four RATSs.

At a minimum, there are two physically independent power circuits between the offsite
grid and the plant high voltage switchyard, and between the plant high voltage
switchyard and the plant onsite power system. The two power circuits are designed and
located to minimize, to the extent practical, the likelihood of their simultaneous failure
under operating conditions and postulated accident conditions. Each power circuit has
sufficient capacity and capability to assure satisfactory operation of all safety and non
safety related loads.

Upon unit trip for any reason, including a postulated accident, (except due to electrical
fault in the power supply circuit affecting the UATs), the GLBS is opened and the plant’s
non-Class 1E MV buses N1 through N6 continue to receive power from offsite sources
through the UATs. In case of a unit trip due to an electrical fault in the power supply
circuit affecting the UATSs, the high voltage circuit breaker at the switchyard connected to
the MT, and all UAT incoming circuit breakers at the MV switchgear buses N1 through
N6, are opened. MV switchgear buses N1 through N6 are transferred from the UATs to
the RATs. During all modes of plant operation, including startup, normal and emergency
shutdown and postulated accident conditions, the Class 1E MV buses A, B, C and D,
and non-Class 1E permanent buses P1 and P2 are fed from the normal preferred offsite
power source through the RATs. These buses are transferred to the alternate preferred
power source through the UATs upon loss of normal preferred power source from the
RATs.
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8.1.5.2 Onsite Power System
The design bases for the onsite power system are as follows:

1. The safety-related onsite power system includes four independent and redundant
Class 1E electric power systems.

2. The onsite Class 1E electric power systems comprise four independent and
redundant trains, each with its own power supply, buses, transformers, and
associated controls.

3. One independent Class 1E GTG is provided for each Class 1E train.

The GTG provides power to the ventilation equipment that maintains an
acceptable environment within the GTG room.

The GTG is capable of starting, accelerating, being loaded, and carrying the
design load described in Subsection 8.3.1.

Mechanical and electrical supporting systems are designed so that a single
failure can only affect the operation of one GTG.

Design conditions such as vibration, torsional vibration, and over-speed are
established in accordance with the requirements of the Institute of Electrical and
Electronics Engineers (IEEE) Standard 387 (Reference 8.1-1) as they can be
applied to a GTG and Regulatory Guide (RG) 1.9 (Reference 8.1-2).

There is no automatic load transfer between redundant trains.

Non safety-related ac and dc power systems are provided for the non safety-
related loads and controls, completely independent from the Class 1E power
systems. The non safety-related ac and dc power systems are non-Class 1E.

Raceways are not shared by Class 1E and non-Class 1E cables.

Special identification criteria are applied for Class 1E equipment, including cables
and raceways.

8. Separation criteria, which establish requirements for preserving the
independence of redundant Class 1E electric systems, are applied among any
redundant Class 1E systems and between any Class 1E system and non-Class
1E systems

9. Class 1E equipment is designed with the capability of being tested periodically.
8.1.5.3 Design Criteria, Regulatory Guides, and Institute of Electrical and
Electronics Engineers Standards

Compliance to General Design Criteria (GDC) 17 and 18 (Reference 8.1-3) is discussed
in Section 3.1 and in Subsections 8.3.1.2 and 8.3.2.2. The design of the offsite power
and the Class 1E electric systems conforms to RGs and industry standards listed below,
as clarified in Section 1.9. Refer to Table 8.1-1 for the design criteria and guidelines
applicable to Chapter 8.

8.1.5.3.1 General Design Criteria

See Section 3.1 for a discussion of conformance with each of the GDC.
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Title 10, Code of Federal Regulations (CFR) Part 50 Appendix A:

GDC 2, Design Bases for Protection Against Natural Phenomena
GDC 4, Environmental and Missile Design Bases

GDC 5, Sharing of Structures, Systems, and Components

GDC 17, Electric Power Systems

GDC 18, Inspection and Testing of Electric Power Systems
GDCs 33, 34, 35, 38, 41 and 44

GDC 50, Containment Design Basis

8.1.5.3.2 Nuclear Regulatory Commission Regulatory Guides

See Section 1.9 for a discussion of conformance to the following RGs:

Regulatory Guide 1.206, “Combined License Applications for Nuclear Power
Plants” (LWR Edition), June 2007

Regulatory Guide 1.6, “Independence Between Redundant Standby (Onsite)
Power Sources and Between Their Distribution Systems,” (Safety Guide 6), Rev.
0, March 1971

Regulatory Guide 1.9, “Application and Testing for Safety-related Diesel
Generators in Nuclear Power Plants,” Rev. 4, March 2007

Regulatory Guide 1.22, “Periodic Testing of Protection System Actuation
Functions,” (Safety Guide 22), Rev. 0, February 1972

Regulatory Guide 1.29, “Seismic Design classification,” Rev. 4, March 2007

Regulatory Guide 1.30, “Quality Assurance Requirements for the Installation,
Inspection and Testing of Instrumentation and Electric Equipment (Safety Guide
30), August 1972

Regulatory Guide 1.32, “Criteria for Power Systems for Nuclear Power Plants”
Rev. 3, March 2004

Regulatory Guide 1.40, “Qualification Tests of Continuous-Duty Motors Installed
Inside the Containment of Water-Cooled Nuclear Power Plants,” March 1973

Regulatory Guide 1.41, “Preoperational Testing of Redundant On-site Electric
Power Systems to Verify Proper Load Group Assignments,” Rev. 0, March 1973

Regulatory Guide 1.47, “Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems,” Rev. 0, May 1973

Regulatory Guide 1.53, “Application of the Single-Failure Criterion to Safety
Systems,” Rev. 2, November 2003

Regulatory Guide 1.62, “Manual Initiation of Protective Actions,” Rev. 0, October
1973

Regulatory Guide 1.63, “Electric Penetration Assemblies in Containment
Structures for Nuclear Power Plants,” Rev. 3, February 1987
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8. ELECTRIC POWER US-APWR Design Control Document

Regulatory Guide 1.73, “Qualification Tests of Electric Valve Operators Installed
Inside the Containment of Nuclear Power Plants,” Rev. 0, January 1974

Regulatory Guide 1.75, “Criteria for Independence of Electrical Safety Systems,”
Rev. 3, February 2005

Regulatory Guide 1.81, “Shared Emergency and Shutdown Electric Systems for
Multi-Unit Nuclear Power Plants,” Rev. 1, January 1975

Regulatory Guide 1.89, “Environmental Qualification of Certain Electric
Equipment Important to Safety for Nuclear Power Plants,” Rev. 1, June 1984

Regulatory Guide 1.93 (DG-1153), “Availability of Electric Power Sources,” Rev.
0, December 1974

Regulatory Guide 1.100, “Seismic Qualification of Electric and Mechanical
Equipment for Nuclear Power Plants,” Rev. 2, June 1988

Regulatory Guide 1.106, “Thermal Overload Protection for Electric Motors on
Motor-Operated Valves,” Rev. 1, March 1977

Regulatory Guide 1.118, “Periodic Testing of Electric Power and Protection
Systems,” Rev. 3, April 1995

Regulatory Guide 1.128, “Installation Design and Installation of Vented Lead-Acid
Storage Batteries for Nuclear Power Plants,” Rev. 2, February 2007

Regulatory Guide 1.129 , “Maintenance, Testing, and Replacement of Vented
Lead-Acid Storage Batteries for Nuclear Power Plants,” Rev. 2, February 2007

Regulatory Guide 1.131, “Qualification Tests of Electric Cables, Field Splices,
and Connections for Light-Water-Cooled Nuclear Power Plants,” Rev. 0, August
1977

Regulatory Guide 1.137, “Fuel-Oil Systems for Standby Diesel Generators,” Rev.
1, October 1979

Regulatory Guide 1.153, “Criteria for Safety Systems,” Rev. 1, June 1996
Regulatory Guide 1.155, “Station Blackout,” Rev. 0, August 1988

Regulatory Guide 1.156, “Environmental Qualification of connection Assemblies
for Nuclear Power Plants,” Rev. 0, November 1987

Regulatory Guide 1.158, “Qualification of Safety-Related Lead Storage Batteries
for Nuclear Power Plants,” Rev. 0, February 1989

Regulatory Guide 1.160, “Monitoring the Effectiveness of Maintenance at Nuclear
Power Plants,” Rev. 2, March 1997

Regulatory Guide 1.180, “Guidelines for Evaluating Electromagnetic and Radio-
Frequency Interference in Safety-Related Instrumentation and Control Systems,”
Rev. 1, October 2003

Regulatory Guide 1.189, “Fire Protection for Nuclear Power Plants,” Rev. 1,
March 2007

Regulatory Guide 1.204, “Guidelines for Lightning Protection of Nuclear Power
Plants,” Rev. 0, November 2005
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Draft Regulatory Guide DG-1153, “Availability of Electric Power Sources,”
October 2006

8.1.5.3.3 Nuclear Regulatory Commission Branch Technical Positions

The offsite and onsite electric power systems design conforms to the criteria, guidelines
and recommendations provided in the following branch technical positions (BTPs):

BTP 8-1, “Requirements for Motor-Operated Valves in the ECCS Accumulator
Lines.”

BTP 8-2, “Use of Diesel Generator Sets for Peaking.” The requirements of this
BTP that are pertinent to a GTG are implemented in the US-APWR design.

BTP 8-3, “Stability of Offsite Power Systems.”

BTP 8-4, “Application of Single Failure Criterion to Manually Controlled
Electrically Operated Valves.”

BTP 8-5, “Supplemental Guidance for Bypass and Inoperable Status Indication
for Engineered Safety Features Systems.”

BTP 8-6, “Adequacy of Station Electric Distribution System Voltages.”

BTP 8-7, “Criteria for Alarms and Indications Associated with Diesel Generator
Unit Bypassed and Inoperable Status.” The requirements of this BTP that are
pertinent to a GTG are implemented in US-APWR design.

8.1.5.3.4 NRC Generic Letters

The offsite and onsite electric power systems design conforms to the criteria, guidelines
and recommendations provided in the following U.S. Nuclear Regulatory Commission
(NRC) Generic Letters:

Generic Letter 77-07, “Reliability of Standby Diesel Generator Units.” The
requirements of this Generic Letter that are pertinent to a GTG are implemented
in US-APWR design.

Generic Letter 79-17, “Reliability of Onsite Diesel Generators at Light-Water
Reactors.” The requirements of this Generic Letter that are pertinent to a GTG
are implemented in US-APWR design.

Generic Letter 84-15, “Proposed Staff Actions to Improve and Maintain Diesel
Generator Reliability.” The requirements of this Generic Letter that are pertinent
to a GTG are implemented in US-APWR design.

Generic Letter 88-15, “Electric Power Systems — Inadequate Control Over
Design Process.”

Generic Letter 91-11, “Resolution of Generic issues 48, ‘LCOs for Class 1E Vital
Instrument Buses,” and 49, ‘Interlocks and LCOs for Class 1E Tie Breakers,
pursuant to 10 CFR 50.54.”
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o Generic Letter 94-01, “Removal of Accelerated Testing and Special Reporting
Requirements for Emergency Diesel Generators.” The requirements of this
Generic Letter that are pertinent to a GTG are implemented in US-APWR design.

o Generic Letter 96-01, “Testing of Safety-Related Circuits.”

e Generic Letter 2006-02, “Grid Reliability and the Impact on Plant Risk and the
Operability of Offsite Power.”

8.1.5.3.5 Institute of Electrical and Electronics Engineers Standards

The offsite and onsite electric power systems design conforms to the criteria and
recommendations provided in the following IEEE, and other industry standards such as
American National Standards Institute (ANSI), National Electrical Manufacturer
Association (NEMA), National Fire Protection Association (NFPA) and Insulated Cable
Engineers Association (ICEA):

« |EEE Std 48-1996, “IEEE Standard Test Procedures and Requirements for
Alternating-Current Cable Terminations 2.5 kV through 765 kV”

« |EEE Std 141-1993, “IEEE Recommended Practice for Electric Power
Distribution for Industrial Plants”

o |EEE Std 142-1991, “IEEE Recommended Practice for Grounding of Industrial
and Commercial Power Systems”

« IEEE Std 242-1986, “IEEE Recommended Practice for Protection and
Coordination of Industrial and Commercial Power Systems”

« |EEE Std 308-2001, “IEEE Standard Criteria for Class 1E Power Systems for
Nuclear Power Generating Stations”

« |EEE Std 317-1983, “IEEE Standard for Electric Penetration Assemblies in
Containment Structures for Nuclear Generating Stations”

« |EEE Std 323-2003, “IEEE Standard for Qualifying Class 1E Equipment for
Nuclear Power Generating Stations”

« |EEE Std 334-1994, “IEEE Standard for Qualifying Continuous Duty Class 1E
Motors for Nuclear Power Generating Stations”

« |IEEE Std 336-2005, “IEEE Guide for Installation, Inspection, and Testing for
Class 1E Power, Instrumentation, and Control Equipment at Nuclear Facilities”

o |EEE Std 338-1987, “IEEE Standard Criteria for the Periodic Surveillance Testing
of Nuclear Power Generating Station Safety Systems”

o« |EEE Std 344-2004, “IEEE Recommended Practice for Seismic Qualification of
Class 1E Equipment for Nuclear Power Generating Stations”

« |EEE Std 379-2000, “IEEE Standard Application of the Single-Failure Criterion to
Nuclear Power Generating Station Safety Systems”

« |EEE Std 382-1996, “IEEE Standard for Qualification of Actuators for Power-
Operated Valve Assemblies with Safety-Related Functions for Nuclear Power
Plants
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IEEE Std 383-2003, “IEEE Standard for Type Test of Class 1E Electric Cables,
Field Splices, and Connections for Nuclear Power Generating Stations”

IEEE Std 384-1992, “IEEE Standard Criteria for Independence of Class 1E
Equipment and Circuits”

IEEE Std 386-1995, “IEEE Standard for Separable Insulated Connector Systems
for Power Distribution Systems Above 600 V”

IEEE Std 387-1995, “IEEE Standard Criteria for Diesel-Generator Units Applied
as Standby Power Supplies for Nuclear Power Generating Stations.” Note: The
reference plant has GTG as standby power supply and this standard is
applicable to diesel-generator. The criteria and recommendations of the
standard that are applicable to GTG are implemented in the standby power
supply design.

IEEE Std 399-1997, “IEEE Recommended Practice for Power System Analysis”

IEEE Std 420-2001, “IEEE Standard for the Design and Qualification of Class 1E
Control Boards, Panels and Racks Used in Nuclear Power Generating Stations”

IEEE Std 422-1986, “Guide for the Design and Installation of Cable Systems in
Power Generating Stations”

IEEE Std 434-1973, “IEEE Guide for Functional Evaluation of Insulation Systems
for Large High-Voltage Machines”

IEEE Std 446-1995, “IEEE Recommended Practice for Emergency and Standby
Power Systems for Industrial and Commercial Applications"

IEEE Std 450-2002, “IEEE Recommended Practice for Maintenance, Testing and
Replacement of Vented Lead-Acid Batteries for Stationary Applications”

IEEE Std 484-2002, “IEEE Recommended Practice for Design and Installation of
Large Lead Storage Batteries for Generating Stations and Substations”

IEEE Std 485-1997, “IEEE Recommended Practice for Sizing Lead-Acid
Batteries for Stationary Applications”

IEEE Std 505-1977, “IEEE Standard Nomenclature for Generating Station
Electric Power Systems”

IEEE Std 519-1992, “IEEE Recommended Practices and Requirements for
Harmonic Control in Electrical Power Systems”

IEEE Std 524a-1993, “IEEE Guide to Grounding During the Installation of
Overhead Transmission Line Conductors”

IEEE Std 525-1992, “IEEE Guide for the Design and Installation of Cable
Systems in Substations”

IEEE Std 535-1986, “IEEE Standard for Qualification of Class 1E Lead Storage
Batteries for Nuclear Power Generating Stations”

IEEE Std 572-1984, “IEEE Standard for Qualification of Class 1E Connection
Assemblies for Nuclear Power Generating Stations”

IEEE Std 577-2004, “Standard Requirements for Reliability Analysis in the
Design and Operation of Safety Systems for Nuclear Facilities”
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IEEE Std 603-1998, “IEEE Standard Criteria for Safety Systems for Nuclear
Power Generating Stations”

IEEE Std 622-1987, “IEEE Recommended Practice for the Design and
Installation of Electric Heat Tracing Systems for Nuclear Power Generating
Systems

IEEE Std 628-2001, “IEEE Standard Criteria for the Design, Installation and
Qualification of Raceway Systems for Class 1E Circuits for Nuclear Power
Generating Stations”

IEEE Std 638-1992 (R1999), “Qualification of Class 1E Transformers for Nuclear
Power Generating Stations”

IEEE Std 649-1991, “IEEE Standard for Qualifying Class 1E Motor Control
Centers for Nuclear Power Generating Stations”

IEEE Std 650-2006, “IEEE Standard Qualification of Class 1E Battery Chargers
and Inverters for Nuclear Power Generating Stations”

IEEE Std 665-1995, “IEEE Standard for Generating Station Grounding”

IEEE Std 666-1991, “IEEE Design Guide for Electric Power Service Systems for
Generating Stations”

IEEE Std 690-2004, “IEEE Standard for the Design and Installation of Cable
Systems for Class 1E Circuits in Nuclear Power Generating Stations”

IEEE Std 741-1997, “IEEE Standard Criteria for the Protection of Class 1E Power
Systems and Equipment in Nuclear Power Generating Stations”

IEEE Std 765-2006, “IEEE Standard for Preferred Power Supply (PPS) for
Nuclear Power Generating Stations (NPGS)”

IEEE Std 803-1983, “IEEE Recommended Practice for Unique ldentification in
Power Plants and Related Facilities — Principles and Definitions”

IEEE Std 805-1984, “IEEE Recommended Practice for System ldentification in
Nuclear Power Plants and Related Facilities”

IEEE Std 833-2005, “IEEE Recommended Practice for the Protection of Electric
Equipment in Nuclear Power Generating Stations from Water Hazards”

IEEE Std 835-1994, “IEEE Standard Power Cable Ampacity Tables”

IEEE Std 845-1999, “Guide to Evaluation of Man-Machine Performance in
Nuclear Power Generating Stations, Control Rooms, and Other Peripheries”

IEEE Std 933-1999, “Guide for the Definition of Reliability Program Plans for
Nuclear Power Generating Stations”

IEEE Std 944-1986, “IEEE Recommended Practice for the Application and
Testing of Uninterruptible Power Supplies for Power Generating Stations”

IEEE Std 946-2004, “IEEE Recommended Practice for the Design of dc Auxiliary
Power Systems for Generating Stations”

IEEE Std 1015-1997, “IEEE Recommended Practice for Applying Low Voltage
Circuit Breakers Used in Industrial and Commercial Power Systems”
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IEEE Std 1023-2004, “IEEE Recommended Practice for the Application of
Human Factors Engineering to Systems, Equipment and Facilities of Nuclear
Power Generating Stations and Other Nuclear Facilities”

IEEE Std 1050-2004, “IEEE Guide for Instrumentation and Control Equipment
Grounding in Generating Stations”

IEEE Std 1082-1997, “Guide for Incorporating Human Action Reliability Analysis
for Nuclear Power Generating Stations”

IEEE Std 1143-1994, “IEEE Guide on Shielding Practice for Low Voltage Cables”

IEEE Std 1159-2003, “Recommended Practice for the Transfer of Power Quality
Data”

IEEE Std 1184-1994, “IEEE Guide for the Selection and Sizing of Batteries for
Uninterruptible Power Systems”

IEEE Std 1202-1991, “IEEE Standard for Flame Testing of Cables for Use in
Cable Tray in Industrial and Commercial Occupancies”

IEEE Std 1205-2000, “IEEE Guide for Assessing, Monitoring, and Mitigating
Aging Effects on Class 1E Equipment Used in Nuclear Power Generating
Stations” (Corrigendum 1: 2006)

IEEE Std 1247-2005, “IEEE Standard for Interrupter Switches for Alternating
Current, Rated Above 1,000 V”

IEEE Std 1290-1996, “IEEE Guide for Motor Operated Valve (MOV) Motor
Application, Protection, Control, and Testing in Nuclear Power Generating
Stations”

IEEE Std 1349-2001, “IEEE Guide for Application of Electric Motors in Class I,
Division 2 Hazardous (Classified) Locations”

IEEE Std 1375-1998, “IEEE Guide for Protection of Stationary Battery Systems”
ANSV/IEEE 1584-2002, “Guide for Performing Arc Flash Hazard Calculations”

IEEE Std 1584a-2004, “IEEE Guide for Performing Arc-Flash Hazard
Calculations — Amendment 1”

IEEE Std C37.010-1999, “IEEE Application Guide for AC High Voltage Circuit
Breakers Rated on a Symmetrical Current Basis”

IEEE Std C37.011-2005, “IEEE Application Guide for Transient Recovery
Voltage for AC High-Voltage Circuit Breakers”

IEEE Std C37.013-1997, “IEEE Standard for AC High-Voltage Generator Circuit
Breakers Rated on a Symmetrical Current Basis”

IEEE Std C37.2-1996, “IEEE Standard Electrical Power System Device Function
Numbers and Contact Designations”

IEEE Std C37.04-1999, “IEEE Standard Rating Structure for AC High Voltage
Circuit Breakers”

ANSI/IEEE  C37.04a-2003, “Standard Capacitance Current Switching
Requirements for High Voltage Circuit Breakers”
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IEEE Std C37.13-1990, “IEEE Standard for Low-Voltage AC Power Circuit
Breakers Used in Enclosures”

IEEE Std C37.14-2002, “IEEE Standard for Low-Voltage DC Power Circuit
Breakers Used in Enclosures”

IEEE Std C37.16-2000, “American National Standard Low-Voltage Power Circuit
Breakers and AC Power Circuit Breakers — Preferred Ratings, Related
Requirements, and Application Recommendations”

IEEE Std C37.17-1997, “Trip Devices for AC and General Purpose DC Low-
Voltage Power Circuit Breakers”

IEEE Std C37.18-1979, “IEEE Standard Enclosed Field Discharge Circuit
Breakers for Rotating Electric Machinery”

ANSV/IEEE C37.20.1-2002, “Standard for Metal-Enclosed Low-Voltage Power
Circuit Breaker Switchgear”

IEEE Std C37.20.1A-2005, “IEEE Standard for Metal-Enclosed Low-Voltage
Power Circuit Breaker Switchgear — Amendment 1: Short-Time and Short-Circuit
Withstand Current Tests — Minimum Areas for Multiple Cable Connections”

IEEE Std C37.20.2-1999, “Metal-Clad and Station-Type Cubicle Switchgear”
IEEE Std C37.20.3-2001, “Standard for Metal-Enclosed Interrupter Switchgear”

IEEE Std C37.20.4-2001, “Standard for Indoor AC Switches (1 kV to 38 kV) for
Use in Metal-Enclosed Switchgear”

IEEE Std C37.20.6-1997, “IEEE Standard for 4.76 kV to 38 kV Rated Grounding
and Testing Devices Used in Enclosures”

IEEE Std C37.21-2005, “IEEE Standard for Control Switchboards”

IEEE Std C37.22-1997, “Preferred Ratings and Related Required Capabilities for
Indoor AC Medium Voltage Switches Used in Metal-Enclosed Switchgear”

IEEE Std C37.23-2003, “IEEE Standard for Metal-Enclosed Bus”

IEEE Std C37.26-1972, “IEEE Standard Guide for Methods of Power Factor
Measurement for Low-Voltage Inductive Test Circuits”

IEEE Std C37.27-1987, “IEEE Standard Application Guide for Low-Voltage AC
Non-Integrally Fused Power Circuit Breakers (Using Separately Mounted
Current-Limiting Fuses”

IEEE Std C37.29-1981, “IEEE Standard for Low-Voltage AC Power Circuit
Protectors Used in Enclosures”

IEEE Std C37.30-1997, “IEEE Standard Requirements for High Voltage
Switches"

IEEE C37.32-2002, “High-Voltage Switches, Bus Supports, and Accessories —
Schedules of Preferred Ratings, Construction Guidelines and Specifications”

IEEE Std C37.46-1981, “American National Standard Specifications for Power
Fuses and Fuse Disconnecting”
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IEEE Std C37.47-1981, “American National Standard Specifications for
Distribution Fuse Disconnecting Switches, Fuse Supports, and Current-Limiting
Fuses”

IEEE Std C37.61-1973, “IEEE Standard Guide for the Application, Operation,
and Maintenance of Automatic Circuit Reclosers”

IEEE Std C37.73-1998, “Standard Requirements for Pad-Mounted Fused
Switchgear”

IEEE Std C37.81-1989, “IEEE Guide for Seismic Qualification of Class 1E Metal-
Enclosed Power Switchgear Assemblies”

IEEE Std C37.82-1987, “IEEE Standard for the Qualification of Switchgear
Assemblies for Class 1E Applications in Nuclear Power Generating Stations”

IEEE Std C37.90-1989, IEEE Standard for Relays and Relay Systems
Associated with Electric Power Apparatus

IEEE Std C37.98-1987, “IEEE Standard Seismic Testing of Relays”

IEEE Std C37.105-1987, “IEEE Standard for Qualifying Class 1E Protective
Relays and Aukxiliaries for Nuclear Power Generating Stations”

IEEE Std C37.106-2003, “IEEE Guide for Abnormal Frequency Protection for
Power Generating Plants”

IEEE Std C37.121-1989 (R2000), “Switchgear — Unit Substations -
Requirements”

IEEE Std C37.122-1993, “IEEE Standard for Gas-Insulated Substations”

IEEE Std C37.123-1996, “IEEE Guide to Specifications for Gas-Insulated,
Electric Power Substation Equipment”

IEEE Std C57.12.00-2000, “IEEE Standard General Requirements for Liquid-
Immersed Distribution, Power and Regulating Transformers”

IEEE Std C57.105-1978, “IEEE Guide for Application of Transformer
Connections in Three Phase Distribution Systems”

IEEE Std C57.109-1993, “IEEE Guide for Transformers Through-Fault Current
Duration”

IEEE Std C62.23, 1995, “IEEE Application Guide for Surge Protection of Electric
Generating Plants”

ANSV/IEEE C2-2002, National Electrical Safety Code

NEMA MG-1, 2006, Motors and Generators

NEMA VE-1, 2002, Metal Cable Tray Systems

NFPA 70-2005, National Electrical Code

NFPA 780-2004, Standard for the Installation of Lightning Protection Systems
ICEA P-54-440 — 1986, Ampacities of Cables on Open-Top Cable Trays
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8.1.6 Combined License Information

No additional information is required to be provided by a COL applicant in connection
with this section.

8.1.7 References

8.1-1 |EEE Standard Criteria for Diesel-Generator Units Applied as Standby Power
Supplies for Nuclear Power Generating Stations, IEEE Std 387, 1995.

8.1-2 Application and Testing of Safety-related Diesel Generators in Nuclear Power
Plants, Regulatory Guide 1.9 Rev. 4, March 2007.

8.1-3 General Design Criteria for Nuclear Power Plants, NRC Regulations Title 10,
Code of Federal Regulations, 10 CFR Part 50, Appendix A.
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Table 8.1-1 Design Criteria and Guidelines for Electric Power Systems (Sheet 1 of 7)

Criteria Provided in Referenced Documents DCD Section/Subsection Remarks
8.2 8.3.1 | 8.3.2 8.4
1. 10 CFR 50 Appendix A — GDC

a. GDC 2, “Design Bases for Protection Against Natural A A A
Phenomena”

b. GDC 4, “Environmental and Dynamic Effects Design A A A
Basis”

c. GDC 5, “Sharing of Structures, Systems, and A A A
Components”

d. GDC 17, “Electric Power Systems” A A A A

e. GDC 18, “Inspection and Testing of Electric Power A A A A
Systems”

f. GDCs 33, 34, 35, 38, 41, and 44 A A A

g. GDC 50, “Containment Design Basis” A A

Note:

“A” denotes that US-APWR conforms to the requirements and criteria provided in the subject document.

“G” denotes that US-APWR conforms to the guidance provided in the subject document.
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Table 8.1-1 Design Criteria and Guidelines for Electric Power Systems (Sheet 2 of 7)

Criteria Provided in Referenced Documents DCD Section/Subsection Remarks
8.2 8.3.1 | 8.3.2 8.4
2. Regulations (10 CFR 50 and 10 CFR 52)
a. 10 CFR 50.34, “Contents of Applications; Technical
Information”
i. 50.34(H)(2)(v) (Related to TMI Item 1.D.3) A A
ii. 50.34(f)(2)(xiii) (Related to TMI Item 11.E.3.1) A
iii.  50.34(f)(2)(xx) (Related to TMI Item 11.G.1) A
b. 10 CFR 50.55a, “Codes and Standards” A A
c. 10 CFR 50.63, “Loss of All Alternating Current Power” A A A A
10 CFR 50.65(a)(4), “Requirements for Monitoring the
Effectiveness of Maintenance at Nuclear Power Plants” A A A A
e. 10 CFR 52.47(b)(1), “Contents of Applications” A A A A
f. 10 CFR 52.80(a), “Contents of Applications; Additional
. o, A A A A
Technical Information
Note: “A” denotes that US-APWR conforms to the requirements and criteria provided in the subject document.

“G” denotes that US-APWR conforms to the guidance provided in the subject document.
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Table 8.1-1 Design Criteria and Guidelines for Electric Power Systems (Sheet 3 of 7)

Criteria Provided in Referenced Documents DCD Section/Subsection Remarks
8.2 8.3.1 | 8.3.2 8.4
3. Regulatory Guide
a. RG 1.6, “Independence Between Redundant Standby G G
(Onsite) Power Sources and Between Their Distribution
Systems”
b. RG 1.9, “Application, and Testing of Safety-Related G G
Diesel Generators in Nuclear Power Plants”
c. RG 1.32, “Criteria for Power Systems for Nuclear Power G G G
Plants”
d. RG 1.47, “Bypassed and Inoperable Status Indication for G G
Nuclear Power Plant Safety Systems”
e. RG 1.53, “Application of the Single-Failure Criterion to G G
Nuclear Power Plant Protection Systems”
f. RG 1.63, “Electric Penetration Assemblies in G G
Containment Structures for Nuclear Power Plants”
g. RG 1.75, “Physical Independence of Electric Systems” G G

Note:

“A” denotes that US-APWR conforms to the requirements and criteria provided in the subject document.

“G” denotes that US-APWR conforms to the guidance provided in the subject document.
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Table 8.1-1 Design Criteria and Guidelines for Electric Power Systems (Sheet 4 of 7)

DCD Section/Subsection
Criteria Provided in Referenced Documents Remarks
8.2 8.3.1 | 8.3.2 8.4
RG 1.81, “Shared Emergency and Shutdown Electric Not applicable
Systems for Multi-Unit Nuclear Power Plants”
RG 1.106, “Thermal Overload Protection for Electric G G
Motors on Motor-Operated Valves”
RG 1.118, “Periodic Testing of Electric Power and
. ” G G
Protection Systems
RG 1.128, “Installation Design and Installation of Vented G
Lead-Acid Storage Batteries for Nuclear Power Plants”
RG 1.129, “Maintenance, Testing, and Replacement of
Vented Lead-Acid Storage Batteries for Nuclear Power G
Plants”
. RG 1.153, “Criteria for Safety Systems” G G
RG 1.155, “Station Blackout” G G G G
RG 1.160, “Monitoring the Effectiveness of Maintenance
" G G G G
at Nuclear Power Plants
RG 1.182, “Assessing and Managing Risk Before
Maintenance Activities at Nuclear Power Plants” G G G G
RG 1.204, “Guidelines for Lightning Protection of
» G G
Nuclear Power Plants
RG 1.206, “Combined License Applications for Nuclear G G G G
Power Plants (LWR Edition)”

Note:

“A” denotes that US-APWR conforms to the requirements and criteria provided in the subject document.

“G” denotes that US-APWR conforms to the guidance provided in the subject document.
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Table 8.1-1 Design Criteria and Guidelines for Electric Power Systems (Sheet 5 of 7)

DCD Section/Subsection Remarks
Criteria Provided in Referenced Documents
8.2 8.3.1 | 8.3.2 8.4
4. Branch Technical Position
a. BTP 8-1, “Requirements on Motor-Operated Valves in G
the ECCS Accumulator Lines”
b. BTP 8-2, “Use of Diesel-Generator Sets for Peaking” G To the extent the guidance
is applicable to GTG
c. BTP 8-3, “Stability of Offsite Power Systems” G
d. BTP 8-4, “Application of the Single Failure Criterion to G
Manually Controlled Electrically Operated Valves”
e. BTP 8-5, “Supplemental Guidance for Bypass and G G
Inoperable Status Indication for Engineered Safety
Features Systems”
f. BTP 8-6, “Adequacy of Station Electric Distribution G G
System Voltages”
g. BTP 8-7, “Criteria for Alarms and Indications Associated G To the extent the guidance
with Diesel-Generator Unit Bypassed and Inoperable is applicable to GTG
Status”

Note:

“A” denotes that US-APWR conforms to the requirements and criteria provided in the subject document.
“G” denotes that US-APWR conforms to the guidance provided in the subject document.
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Table 8.1-1 Design Criteria and Guidelines for Electric Power Systems (Sheet 6 of 7)

DCD Section/Subsection Remarks
Criteria Provided in Referenced Documents
8.2 8.3.1 | 8.3.2 8.4
5. NRC Technical Report Designation (Nuclear Requlatory
Commission)
a. NUREG-0718, Revision 1 Licensing Requirements for
Pending Applications for Construction Permits and G G
Manufacturing License
b. NUREG-0737 Clarification of TMI Action Plan A
Requirements
c. NUREG/CR-0660 Enhancement of Onsite Diesel
oo G
Generator Reliability
d. NUREG-1793 Final Safety Evaluation Report Related Not applicable
to Certification of the AP1000 Standard Design
Note: “A” denotes that US-APWR conforms to the requirements and criteria provided in the subject document.

“G” denotes that US-APWR conforms to the guidance provided in the subject document.
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Table 8.1-1 Design Criteria and Guidelines for Electric Power Systems (Sheet 7 of 7)

DCD Section/Subsection

Remarks

Criteria Provided in Referenced Documents
8.2 8.3.1 | 8.3.2 8.4

6. Commission Papers (SECY)

a.

SECY-90-016 Evolutionary Light Water Reactor
Certification Issues and Their Relationships to Current A A A
Requirements, 1990

SECY-94-084 Policy and Technical Issues Associated
with the Regulatory Treatment of Non-Safety Systems in A A A
Passive Plant Designs, 1994

SECY-95-132 Policy and Technical Issues Associated
with the Regulatory Treatment of Non-Safety Systems A A A
(RTNSS) in Passive Plant Designs, 1995

SECY-91-078 EPRI’'s Requirements Document and
Additional Evolutionary LWR Certification Issues, 1991

SECY-05-0227 Final Rule - AP1000 Design
Certification, 2005

Not applicable

Note:

“A” denotes that US-APWR conforms to the requirements and criteria provided in the subject document.
“G” denotes that US-APWR conforms to the guidance provided in the subject document.
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8. ELECTRIC POWER US-APWR Design Control Document

8.2 Offsite Power System
8.2.1 System Description
8.211 Transmission System

The transmission system is not within the scope of the US-APWR; however, there are
design basis requirements (interface requirements) which are described in Subsection
8.2.3. COL applicant will implement the transmission system interfaces for the US-
APWR.

8.21.2 Offsite Power System

The offsite power system is a non safety-related, non-Class 1E system. The plant
switchyard is connected to the transmission grid by at least two electrically independent
and physically isolated power circuits. As a minimum, there are two electrically isolated
and physically independent power circuits connecting the plant to the switchyard.

Offsite electric power is provided to the onsite power system from the grid and other
generating stations by at least two physically independent transmission lines. The
plant’s high voltage switchyard is site-specific and not a part of the reference plant
design. During plant startup, shutdown, maintenance, and during all postulated accident
conditions, offsite electric power can be supplied to the plant site from the plant high
voltage switchyard through two physically independent transmission tie lines. One of
these two transmission tie lines connects to the high voltage side of the MT, and the
other connects to the high voltage side of the RATs. The MG is connected to the low
voltage side of the MT and the high voltage side of the UATs. There is a GLBS between
the MG and the MT. When the MG is on-line, it provides power to the onsite non safety-
related electric power system except permanent power system through the UATs. When
the GLBS is open, offsite power to the onsite non safety-related electric power system
except permanent power system is provided through the MT and the UATs. With GLBS
either open or closed, offsite power to the onsite safety-related electric power system
and permanent power system is provided through the RATs. If power is not available
through the UATS, offsite power is provided to both safety-related and non safety-related
onsite electric power systems through the RATs. Similarly, if power is not available
through the RATS, offsite power is provided to both safety-related and non safety-related
onsite electric power system through the UATs. Both normal and alternate preferred
power sources have the capability to serve the total plant auxiliary and service loads
during all modes of plant operation including postulated accident conditions.

The MG is connected to the GLBS through an air cooled isolated phase busduct. The
other side of the GLBS is connected to the low voltage side of the MT, also through an
air cooled isolated phase busduct. This isolated phase busduct has a tap connection to
the high voltage side of the UATs through a disconnect link. The MT consists of three
single phase transformers with one installed spare.

There are two non-Class 1E 13.8 kV MV buses N1 and N2, four non-Class 1E 6.9 kV
MV buses N3, N4, N5 and N6, two non-Class 1E 6.9 kV MV permanent buses P1 and
P2 and four Class 1E 6.9 kV MV buses A, B, C and D. MV bus N1 can be fed from
UAT1 or RAT1. MV bus N2 can be fed from UAT2 or RAT2. MV buses N3, N4, A, B
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8. ELECTRIC POWER US-APWR Design Control Document

and P1 can be fed from UAT3 or RAT3. MV buses N5, N6, C, D and P2 can be fed from
UAT4 or RAT4. For all these MV buses, if power is lost from one source, it is
automatically transferred to the other source. All low voltage buses are provided power
from the MV buses. Each of the 6.9 kV Class 1E MV buses has its own onsite Class 1E
standby emergency power source. Similarly, each of the 6.9 kV non-Class 1E MV
permanent buses has its own onsite non-Class 1E standby emergency power source,
designated as AAC power source. All MV buses can be powered from their associated
UAT or RAT.

There are four, two-winding, UATs, namely UAT1, UAT2, UAT3, and UAT4. The high-
side of these transformers is connected to the main generator isolated phase busduct
down-stream of the GLBS. During normal power operation, with the GLBS closed, the
MG provides power to the plant MV buses N1, N2, N3, N4, N5 and N6 through the UATSs.
During all other modes of plant operation, including PAs, with the GLBS open, these MV
buses are powered through the UATs by back-feeding the MT from the offsite power
sources. During all modes of plant operation including startup, normal and emergency
shutdown and PAs, the MV Class 1E buses A, B, C and D, and MV non-Class 1E
permanent buses P1 and P2, are powered through the RATs from offsite power sources.
Secondary voltages of UAT and RAT are displayed in the MCR.

There are four, three-winding RATs, namely RAT1, RAT2, RAT3, and RAT4. The high-
side of these transformers is connected to the high voltage transmission tie line from the
switchyard. The transmission tie line voltage level is site-specific. This is the normal
preferred power source for all plant safety-related auxiliary and service loads. RAT1 and
RAT2 can feed the 13.8 kV non-Class 1E buses N1 and N2, respectively. RAT3 can
feed the 6.9 kV Class 1E buses A and B, and non-Class 1E buses N3, N4 and P1.
RAT4 can feed the 6.9 kV Class 1E buses C and D, and non-Class 1E buses N5, N6
and P2.

Each of the safety-related and non safety-related MV buses (13.8 kV non-Class 1E
buses N1 and N2; 6.9 kV Class 1E buses A, B, C, and D; and 6.9 kV non-Class 1E
buses N3, N4, N5, N6, P1 and P2) is connected to a UAT and an RAT. For all Class 1E
(A, B, C and D) and permanent (P1 and P2) MV buses, power from the RAT is the
normal preferred source and power from the UAT is the alternate preferred source.
Each safety MV bus also has its own backup emergency power supply from a safety-
related Class 1E GTG. MV permanent buses P1 and P2 also have their own backup
emergency power supply from a dedicated non-Class 1E GTG.

During all modes of plant operation, including normal and emergency shutdown and
postulated accident conditions, all safety-related unit auxiliary and safety-related plant
service loads are powered from offsite power sources through the RATs. This is the
normal preferred offsite power source for the plant safety-related loads. The alternate
preferred offsite power source to the plant safety-related loads is from the UATSs, which
are powered from offsite power sources by back feeding the MT. All plant MV buses,
both safety-related and non safety-related, are connected to the UATs and RATs
through bus incoming circuit breakers. If power to any MV bus is lost from the normal
source, it is automatically transferred to the alternate source. If any one UAT becomes
inoperable, it can be isolated from the system and the affected MV buses can be
powered from the backup RAT.
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During a coincident loss of offsite power (LOOP) and loss-of-coolant accident (LOCA),
the safety related MV buses are powered from onsite Class 1E emergency GTG power
sources. The unit is also provided with alternate ac power sources for powering the
loads that are needed to operate during a station blackout (SBO) event. The equipment
and circuits that are associated with the offsite power system are physically independent
from the onsite power system and the alternate ac sources. Any single failure in the
offsite power system, in the onsite power system, or in the AAC sources will have no
impact on the availability of the remaining systems.

The main transformers, UATs and RATs are designed and constructed to withstand
mechanical and thermal stresses produced by the worst-case external short circuit, and
meet the corresponding requirements of IEEE Std C57.12.00 (Reference 8.2-1).

The ratings of the MG, the GLBS, the MT, the UATs and the RATSs are as follows:

Equipment
Main generator
Generator load break switch
Main transformer

Unit auxiliary transformers
(UAT1 and UAT2)

Unit auxiliary transformers
(UAT3 and UAT4)

Reserve auxiliary transformers
(RAT1 and RAT2)

Reserve auxiliary transformers

Rating
1,900 MVA, 26 kV, 60 Hz
27.3 kV, 44.4 kA, 60 Hz

Three single phase transformers and one installed
spare, each 610 MVA for a combined rating of 1,830
MVA, 60 Hz, low voltage side is 26 kV, high voltage
side is site-specific.

65 MVA, 26 — 13.8 kV, 60 Hz
53 MVA, 26 — 6.9 kV, 60 Hz
65 MVA, 60 Hz, low voltage side 13.8 kV, high

voltage side is site-specific.

53 MVA, 60 Hz, low voltage side 6.9 kV, high

(RAT3 and RAT4) voltage side is site-specific.

The GLBS has the capability to break the maximum credible generator full load current.
For normal or emergency plant shutdown for all design-basis events (DBE) except for an
electrical fault in the 26 kV power system or associated equipment and circuits, the
GLBS is opened and power to all auxiliary and service loads is maintained without any
interruption from the alternate preferred offsite power source through the UATs. During
emergency shutdown of the plant due to any electrical fault in the 26 kV system or
associated equipment and circuits, the fault is isolated by opening the main circuit
breaker on the high voltage side of the MT and all incoming circuit breakers of the MV
buses connected to the UAT power source; and all affected MV buses are automatically
transferred to the RAT source. The MV Class 1E and non-Class 1E P buses are not
affected since these are normally fed from the RATs. The UAT incoming breakers to
these buses is locked out and blocked from closing.
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Unit synchronization is normally through the GLBS. Synchronization capability across
the main circuit breaker on the high-side of the MT is also provided. Synchrocheck
relays are used to ensure proper synchronization of the unit to the offsite power system.

The UATs and RATs are provided with differential and over-current protection schemes.
The MT is provided with a differential current protection scheme.

Isolated phase busduct provides the electrical interconnections between generator load
terminals to the GLBS, the GLBS to the MT and the disconnect links on the high voltage
side of the UATs, and the UAT disconnect links to the UATs. Non-segregated phase
bus ducts/cable buses provide electrical connections between the low voltage side of the
UATs and RATs to the 13.8 kV and 6.9 kV MV switchgear. The non-segregated phase
bus ducts/cable buses from the UATs and RATs are physically separated to minimize
the likelihood of simultaneous failure.

Each of the single phase transformers of the MT is provided with disconnect links so that
a failed transformer may be taken out of service and the spare transformer can be
connected. All UATs are also provided with disconnect links so that a failed transformer
can be taken out of service. With one UAT or one RAT out of service, all MV buses will
have access to at least one offsite power source.

The MT, UATs and RATSs, are all located in the transformer yard adjacent to the turbine
building (T/B). Three-hour rated fire barriers are provided between the MT, UATs and
RATS.

8.2.1.2.1 Switchyard

The plant switchyard design is site-specific. The COL Applicant will provide at least two
physically independent power circuits between the offsite grid systems and the plant’s
high voltage switchyard. The design of the interface is provided by the COL Applicants.
There are two physically independent transmission tie lines from the plant high voltage
switchyard to the onsite transformer yard. These two power circuits are designed and
located to minimize, to the extent practical, the likelihood of their simultaneous failure
under operating condition and postulated accident conditions. Each power circuit has
sufficient capacity and capability to assure satisfactory operation of all safety loads and
non safety loads.

All relay systems used for protection of offsite power circuits and transformers are
provided with primary and back-up protection.

8.2.2 Analysis

The preferred offsite power system is designed consistent with the following criteria, so
far as they are applicable to non-Class 1E equipment and system. Any exceptions or
clarifications to the applicable criteria are explained.
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8.2.2.1

Applicable Criteria

GDC 2, “Design Bases for Protection Against Natural Phenomena”

Equipment and components of the offsite power system are non-Class 1E and
are located outdoors except for the connections to Class 1E MV buses, which
are located indoors. The effects of natural phenomena are considered in
designing the offsite power system, but it not specifically designed to withstand
earthquakes, tornadoes or floods. The normal and alternate preferred offsite
power circuits are physically separated and electrically isolated, so that failure
of an active component in one circuit has no impact to the on the other circuit.

GDC 4, “Environmental and Dynamic Effects Design Bases”

All equipment and components of the offsite power system are designed to
withstand the effects of, and are operable under the environmental conditions
associated with normal conditions, maintenance, testing and postulated
accidents; and are operations, appropriately protected against dynamic effects
that may result from equipment failures, including missiles, pipe whipping and
discharging fluids. Each transformer of the offsite power system is provided
with its own oil containment system, and accidental oil leakage from one
transformer has no impact on the remaining transformers. There are no high or
moderate energy lines or missile generating rotating equipment in the vicinity of
the equipment and components of the offsite power system. The offsite power
system design conforms to the criteria of IEEE Std 765 (Reference 8.2-2).

GDC 5, “Sharing of Structures, Systems and Components,” and RG 1.81
(Reference 8.2-3), “Shared Emergency and Shutdown Electric Systems for Multi-
Unit Nuclear Power Plants”

The US-APWR reference plant is designed as a single-unit plant, and therefore,
GDC 5 and RG 1.81 (Reference 8.2-3) are not applicable.

GDC 17, “Electric Power Systems”

The offsite power system design fully conforms to the requirements of GDC 17.
There are two physically independent and electrically isolated power supply
circuits that provide power to the onsite power system supplying all safety-
related and non safety-related loads. The offsite power system and the onsite
power system are independent of each other and the failure of one will have no
impact on the availability of the other. Both normal preferred and alternate
preferred power circuits have sufficient capacity and capability for functioning of
all structures, systems, and components (SSCs) important to safety.
Subsequent to a unit trip due to a LOCA, the power source for the Class 1E
buses continues to be the normal preferred offsite power circuit through the
RATs. The alternate preferred source also remains available through the UATSs.
Thereby, both offsite power supply circuits are immediately accessible for
performance of all safety functions, exceeding the GDC requirement that one
circuit is to be immediately accessible. For a unit trip due to an electrical fault
in the alternate preferred offsite power system, the power source for the Class
1E buses is not affected since they are fed from the normal preferred offsite
power supply circuit (from RAT).

Tier 2
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Even though the normal and alternate preferred power circuits are designed
and located to minimize, to the extent practical, the likelihood of their
simultaneous failure under operating conditions and postulated accident and
environmental conditions, the offsite power system is a non-Class 1E non
safety-related system. The offsite power system by itself is not designed to
meet the single failure criterion, while the onsite power system design meets
the single failure criterion. Considering both offsite and onsite power systems
together, the design not only meets the single failure criterion but also provides
capability of sustaining a double failure, one of which is a complete loss of
offsite power, the other single failure of onsite power source, without losing the
capability to provide power for the minimum required safety functions.

GDC 18, “Inspection and Testing of Electric Power Systems”

Compliance with this criterion is achieved by designing testability and
inspection capability into the system and then implementing a comprehensive
testing and surveillance program. Inspection and testing of the high voltage
circuit breakers at the switchyard powering the transmission tie lines, and
protective relaying can be conducted on a routine basis without removing any
of the UATs, RATSs, or transmission tie lines from service.

GDC 33, 34, 35, 38, 41 and 44

These GDCs set forth requirements for the safety systems for which the access
to both onsite and offsite power sources must be provided. With respect to the
offsite power system, the requirements of these GDCs are satisfied if the
requirements of GDC 17 are met. Since the US-APWR offsite power system
design fully conforms to the design requirements of GDC 17, it therefore meets
the requirements of these GDCs.

10 CFR 50.63, “Loss of All Alternating Current Power”

The US-APWR has two alternate ac sources located at site for coping with an
SBO. Each AAC source has adequate capacity to cope with an SBO. The
offsite power system has no interface with the alternate ac sources. The
equipment and circuits associated with the offsite power system and the
alternate ac source are physically separated and have minimum potential for
any common mode failure. There are no electrical ties between the offsite
power system and the alternate ac source.

RG 1.32, “Criteria for Safety-Related Electric Power Systems for Nuclear Power
Plants”

This RG endorses IEEE Std 308 (Reference 8.2-4) except for sharing safety-
related power systems in multi-unit nuclear plants. The US-APWR offsite
power supply design fully confirms to the requirements of IEEE Std 308
(Reference 8.2-4) that pertain to the offsite power system.

RG 1.155, “Station Blackout”

This regulatory guide provides guidance for complying with 10 CFR 50.63
(Reference 8.2-5). The plant has two AAC power sources, of which only one is

Tier 2

8.2-6 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

required to be operational to cope with an SBO event. Power supply to all
electrical loads that are required to be operational is restored within 60 minutes
from the onset of an SBO event. Under normal plant operating conditions, both
safety and non safety dc power systems derive power from the battery
chargers that are fed from the safety and non safety 480V MCCs. Safety and
non safety batteries will provide power to the dc power system during the first
60 minutes of an SBO event. Within 60 minutes of an SBO event, power from
AAC sources would be available to the required battery chargers and the dc
systems will be powered from the associated battery chargers. Hence, for an
SBO condition, the batteries are required to be sized to provide their duty cycle
current for a period of 60 minutes. The Class 1E batteries for the US-APWR
are sized for the worst case duty cycle requirements for a period of two hours,
considering loss of associated battery charger and plant conditions that include
normal plant operation, LOOP, LOOP concurrent with LOCA and SBO.

RG 1.160, “Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants”

This regulatory guide endorses revision 2 of NUMARC 93-01 (Reference 8.2-6)
with some provisions and clarifications for complying with 10 CFR 50.65
(Reference 8.2-7). Conformance to this regulatory guide is generically
addressed in Section 1.9.

RG 1.182, “Assessing and Managing Risk Before Maintenance Activities at
Nuclear Power Plants”

This RG endorses Section 11 of NUMARC 93-01 (Reference 8.2-6) dated
February 11, 2000 with some provisions and clarifications for complying with 10
CFR 50.65(a)(4) (Reference 8.2-7). Conformance to this regulatory guide is
generically addressed in Section 1.9.

RG 1.204, “ Guidelines for Lightning Protection of Nuclear Power Plants”

This RG endorses four IEEE Standards, IEEE Std 665 (Reference 8.2-8), IEEE
Std 666 (Reference 8.2-9), IEEE Std 1050 (Reference 8.2-10) and IEEE Std
C62.23 (Reference 8.2-11), in their entirety with one exception to IEEE Std 665
(Reference 8.2-8), Subsection 5.7.4, which misquotes subsection 4.2.4 of IEEE
Std 142 (Reference 8.2-12). The US-APWR offsite power supply design fully
confirms to the requirements of the endorsed |IEEE standards that pertain to
the lightning protection of nuclear power plants.

BTP 8-3, “Stability of Offsite Power Systems”
This topic is site-specific (see Subsection 8.2.4, Combined License
Information).

BTP 8-6 “Adequacy of Station Electric Distribution System Voltages”

US-APWR design provides second level of undervoltage protection with time
delays to protect the Class 1E equipment from sustained undervoltages.

Tier 2
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8.2.3 Design Bases Requirements

The offsite power system of the US-APWR reference plant is based on certain design
bases (as defined in 10 CFR 50.2 (Reference 8.2-13)) requirements. These design
requirements are as follows:

« The normal and alternate preferred power supply circuits originating from
separate transmission substations connect to the onsite ac power system,
through the plant switchyard(s). Both circuits may share a common switchyard.
The normal preferred circuit and the alternate preferred circuit are electrically
isolated and physically independent from each other to the extent practical to
minimize common mode failure. Each circuit is capable of supplying all unit
auxiliary and service loads during normal plant power operation, as well as
during normal or emergency shutdown.

e In case of failure of the normal preferred power supply circuit, the alternate
preferred power supply circuit remains available.

« The switchyard buses to which the main offsite circuits are connected shall be
arranged as follows:

- Any incoming or outgoing transmission line for one circuit can be switched
without affecting the other circuit.

- Any circuit breaker can be isolated for maintenance without interrupting
service to these circuits.

The MT, UATs, and RATs meet the requirements of IEEE Std C57.12.00 (Reference
8.2-1).

Circuit breakers are sized and designed in accordance with IEEE Std C37.010 and
C37.06 (Reference 8.2-14, 8.2-15). Disconnecting switches are sized and designed in
accordance with IEEE Std C37.32 (Reference 8.2-16).

Three-hour fire rated barriers are provided between each UAT, RAT, and MT unit
including the spare. All of these transformers are provided with containment for
collection of transformer oil in case of tank leakage or rupture.

o Cables associated with the normal preferred, alternate preferred and onsite
power system circuits are physically separated from each other to minimize
common mode failure. These circuits may share a common underground duct
bank.

Transmission system reliability and stability is consistent with the probability risk analysis
of Chapter 19 (see Subsection 8.2.4).

Provisions are made to isolate a failed UAT or RAT without affecting the availability of
the remaining transformers.

A station ground grid is provided consisting of a ground mat below grade at the
switchyard that is connected to the foundation embedded loop grounding system
provided for the entire power block and associated buildings.
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8.2.4 Combined License Information

COL 8.2(1)

COL 8.2(2)

COL 8.2(3)

COL 8.2(4)

COL 8.2(5)

COL 8.2(6)

COL 8.2(7)

COL 8.2(8)

COL 8.2(9)

COL 8.2(10)

The COL Applicant is to provide a description of the utility power grid
and its interconnection to other grids, and address the stability of the
offsite power system in accordance with Branch Technical Position
BTP 8-3 (Reference 8.2-17).

Transmission system description, to include the plant switchyard,
interconnection with other switching stations, within the independent
system operator’s system. The transmission lines, including their
sizing, corridors and right-of-ways are described in detail. Subsection
8.2.1.1 will be supplemented to include this site-specific information.

Switchyard description, to include a detailed design and
characteristics such as circuit breaker and bus duty and short circuit
ratings, ac and dc auxiliary power service. Subsection 8.2.1.1 is
supplemented to include this site-specific information.

Normal preferred power includes a detail description of this power
supply circuit, including characteristics, ratings and relay protection.
This Combined License Application (COLA) item is addressed in
Subsection 8.2.1.2.

Alternate preferred power includes a detail description of this power
supply circuit, including characteristics, ratings and relay protection.
This COLA item is addressed in Subsection 8.2.1.2.

Unit synchronization describes the synchronization scheme of the
main generator, including the synchronizing breaker. This COLA item
is addressed in Subsection 8.2.1.2.

Protective relaying is described in detail for each circuit such as lines,
buses and transformers. This COLA item is addressed in Subsection
8.2.1.2.1.

Switchyard dc power is addressed as part of the switchyard design
description and includes batteries, chargers and distribution panels.
This COLA item is addressed in Subsection 8.2.1.2.1.

Switchyard ac power is addressed as part of the switchyard design
description and includes transformers and distribution panels.  This
COLA item is addressed in Subsection 8.2.1.2.1.

Transformer protection is addressed as part of the switchyard design
description and includes protective relaying schemes. This COLA
item is addressed in Subsection 8.2.1.2.

Tier 2
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COL 8.2(11) Stability and Reliability of the Offsite Transmission Power Systems:

The Reliability and Stability Study is provided in the COLA as a
supporting document to the COLA. A failure modes and effects
analysis (FMEA) is provided.

COL 8.2(12) Interface requirements: Conformance to the design basis

requirements (Subsection 8.2.3) is addressed in the COLA.

8.2.5 References

8.2-1

8.2-2

8.2-3

8.2-4

8.2-5

8.2-6

8.2-7

8.2-8

8.2-9

8.2-10

8.2-11

8.2-12

8.2-13

IEEE Standard General Requirements for Liquid-lImmersed Distribution, Power,
and Requlating Transformers, IEEE Std C57.12.00, 2000.

IEEE Standard for Preferred Power Supply (PPS) for Nuclear Power
Generating Stations (NPGS), IEEE Std 765, 2006.

Shared Emergency and Shutdown Electric Systems for Multi-Unit Nuclear
Power Plants, Regulatory Guide 1.81 Revision 1, January 1975.

IEEE Standard Criteria for Class 1E Power Systems for Nuclear Power
Generating Stations, IEEE Std 308, 2001.

Loss of all alternating current power, NRC Regulations Title 10, Code of
Federal Regulations, 10 CFR Part 50.63.

Industry Guideline for Monitoring the Effectiveness of Maintenance at Nuclear
Power Plants, NUMARC 93-01, 2000.

Requirements for monitoring the effectiveness of maintenance at nuclear power
plants, NRC Regulations Title 10, Code of Federal Regulations, 10 CFR Part
50.65.

IEEE Standard for Generating Station Grounding, IEEE Std 665, 1995.

IEEE Design Guide for Electric Power Service Systems for Generating
Stations, IEEE Std 666, 1991.

IEEE Guide for Instrumentation and Control Equipment Grounding in
Generating Stations, IEEE Std 1050, 2004.

IEEE Application Guide for Surge Protection of Electric Generating Plants,
IEEE Std C62.23, 1995.

IEEE Recommended Practice for Grounding of Industrial and Commercial
Power Systems, IEEE Std 142, 1991.

Definitions, NRC Regulations Title 10, Code of Federal Regulations, 10 CFR
Part 50.2.
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8.2-14

8.2-15

8.2-16

8.2-17

IEEE Application Guide for ac High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis, IEEE Std C37.010, 1999.

AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis -
Preferred Ratings and Related Required Capabilities, IEEE Std C37.06, 2000.

High Voltage Switches, Bus Supports, and Accessories — Schedule of
Preferred Ratings, Construction Guidance and Specifications, IEEE Std C37.32,
2002.

Stability of Offsite Power Systems, BTP 8-3, March 2007.
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8.3 Onsite Power Systems

The onsite power system provides power to the plant auxiliary and service loads during
all modes of plant operation. The onsite power system consists of both ac power system
and dc power system. Both ac and dc systems include Class 1E and non-Class 1E
systems. The onsite ac power system and its connections to the offsite power system
are shown in Figure 8.3.1-1. The Class 1E and non-Class 1E dc power systems are
described in Subsection 8.3.2.

8.3.1 AC Power Systems
8.3.1.1 Description

The onsite ac power system includes normal power systems powered from the offsite
power sources, emergency power systems backed-up by Class 1E GTGs and
permanent power systems backed-up by non-Class 1E AAC GTGs.

The onsite ac power system is supplied offsite power from the transmission system by
two independent connections to the transmission system (The transmission voltages are
site-specific). Each offsite power connection has enough capacity and capability to
power the loads required during all modes of plant operation, including the plant startup,
shutdown, maintenance and postulated accident conditions. One connection to the
transmission system is provided through the MT and UATs. The UATs are also
connected to the MG through a GLBS. During power operation mode, GLBS is closed
and the MG is connected to the transmission system through the MT and also supplies
power to the UATs. The second connection to the transmission system is provided
through the RAT. The voltage of the high voltage winding of the RAT is site-specific.
The onsite ac power systems are normally fed from either the UATs or RATs. The MV
Class 1E buses and non-Class 1E permanent buses are normally fed from the RATSs.
MV non-Class 1E buses except the permanent buses are normally fed from the UATs.

Four two-winding UATs and four three-winding RATs are provided for each unit. Delta
connected tertiary winding is provided for the star-star connected RATs. The tertiary
winding is not loaded. The UATs are connected on the high voltage side to the IPB
through disconnecting links. The disconnecting links are always closed except during
UAT maintenance. UAT1, UAT2, RAT1 and RAT2 provide power to the 13.8kV onsite
ac buses and UAT3, UAT4, RAT3 and RAT4 provide power to the 6.9kV onsite ac buses.

Four emergency Class 1E GTGs provide backup power to the Class 1E 6.9kV onsite ac
buses. In addition, two non-Class 1E AAC GTGs provide backup power to the non-
Class 1E 6.9kV permanent buses.

The onsite ac power system provides power at nominal voltage ratings of 13.8kV, 6.9kV,
480V, 208V, and 120V, ac. The 13.8kV power system is non safety-related and non-
Class 1E. The 6.9kV, 480V 208V, and 120V ac power systems include both safety-
related Class 1E and non safety-related non-Class 1E systems. The onsite ac power
system arrangement shown in Figure 8.3.1-1 permits distribution of functionally
redundant load groups on separate buses for better equipment availability and
operational flexibility.
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8.3.1.1.1 Non-Class 1E Onsite AC Power System

The 13.8kV ac system includes non-Class 1E buses N1 and N2. Bus N1 is connected to
either UAT1 or RAT1 and bus N2 is connected to either UAT2 or RAT2 by non-
segregated busduct/cable buses. The ratings of UAT1, UAT2, RAT1 and RAT2 are
shown in Table 8.3.1-1.

The non-Class 1E 6.9kV ac system includes buses N3, N4, N5, N6, P1 and P2. Buses
N3, N4 and P1 are connected to either UAT3 or RAT3 and buses N5, N6 and P2 are
connected to either UAT4 or RAT4 by non-segregated busduct/cable buses. The ratings
of UAT3, UAT4, RAT3 and RAT4 are shown in Table 8.3.1-1.

The UAT and RAT ratings are adequate to meet the maximum load requirements during
normal plant operation, start-up, shutdown and design-basis events, as shown in Table
8.3.1-3.

Non-Class 1E 6.9kV permanent buses P1 and P2 are also connected to the non-Class
1E A-AAC GTG and B-AAC GTG, respectively. The loads which are not safety-related
but require operation during LOOP are connected to these buses. The AAC GTGs are
of different rating and are provided with diverse starting mechanisms as compared to
the Class 1E GTGs. The AAC GTGs are selected as non-Class 1E to minimize common
cause failures with the Class 1E GTGs. The AAC GTGs are started by dc supplied from
batteries and the Class 1E GTGs are started by a compressed air system. Rating of
AAC GTG is shown in Table 8.3.1-1. Any one AAC GTG is adequate to meet the load
requirements shown in Table 8.3.1-5 and Table 8.3.1-6 during LOOP and SBO
conditions.

Normal offsite power to the non-Class 1E 13.8kV buses N1, N2 and non-Class 1E 6.9kV
buses N3, N4, N5 and N6 is provided from the UATs and alternate offsite power is
provided from the RATs. The normal offsite power to the non-Class 1E 6.9kV
permanent buses P1 and P2 is provided from the RATs and alternate offsite power is
provided from the UATs. Automatic bus transfer schemes are provided on all these
buses to automatically transfer the loads from the normal offsite power source to the
alternate offsite power source in case of loss of normal power to the buses.

Logic schemes for the automatic fast and slow bus transfer of offsite power from UAT to
RAT for non-Class 1E MV buses N1, N2, N3, N4, N5 and N6, and RAT to UAT for non-
Class 1E MV buses P1 and P2 are shown in Figure 8.3.1-2. Restoration of power from
the alternate offsite source back to normal offsite source is by manual operation.

LOOP condition occurs if power from both the UAT and RAT is lost to the onsite ac
power system buses. Motor loads fed from these buses are tripped by the bus
undervoltage relays. However, power to the non-Class 1E 6.9kV ac permanent buses
P1 and P2 is automatically restored from the A-AAC GTG and B-AAC GTG respectively.
The A-AAC GTG is started automatically by the undervoltage relays on bus P1 and B-
AAC GTG is started automatically by the bus undervoltage relays on bus P2 during the
LOOP condition. As soon as the AAC GTGs reach their preset voltage and frequency
limits, the circuit breakers connecting the A-AAC GTG and B-AAC GTG to their
respective selector circuits A and B are closed, as shown in Figure 8.3.1-2. The circuit
breakers in the 6.9kV switchgears P1 and P2 and the disconnect switches in the selector
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switches A and B, connecting the 6.9kV bus P1 to selector circuit A and bus P2 to
selector circuits B are normally closed. Therefore, power to the 6.9kV buses P1 and P2
is restored as soon as the circuit breaker connecting A-AAC GTG to selector circuit A
and B-AAC GTG to selector circuit B are closed. The automatic load sequencer starts
the loads on the permanent buses P1 and P2 as required under LOOP condition as
shown in Figure 8.3.1-2.

The A-AAC GTG and B-AAC GTG can also be connected manually to their respective
6.9kV permanent buses P1 and P2 during periodic online testing of the AAC GTGs.
This can be done locally from the panels located in the power source buildings (PS/Bs)
housing the AAC GTGs, or remotely from the main control room (MCR).

13.8kV-480V, two winding SSTs connected to the 13.8kV buses N1 and N2 provide
power to the non-Class 1E 480V load center buses N1 and N2 respectively.

6.9kV-480V, two winding SSTs connected to the 6.9kV buses N3, N4, N5, N6, P1 and
P2 provide power to non-Class 1E 480V load center buses N3, N4, N5, N6, P1 and P2
respectively. The non-Class 1E 480V load center buses feed the non-Class 1E MCC
buses.

A tie connection is provided between all these non-Class 1E 480V load center buses so
that in case of loss of power from any one of the non-Class 1E SSTs, the loads on the
affected load center bus can be transferred manually to any of the remaining operable
load center buses.

The reactor coolant pump (RCP) motors are connected to the non-Class 1E 6.9kV
switchgear buses N3, N4, N5 and N6 through two circuit breakers in series. One circuit
breaker is located in the reactor building (R/B) and it is qualified for Class 1E application.
The other circuit breaker has the same quality and is located in non-Class 1E 6.9kV
switchgear in the T/B, as shown in Figure 8.3.1-1.

The non-Class 1E 13.8kV switchgear N1, N2, 6.9kV switchgear N3, N4, N5, N6, P1 and
P2 and 480V load centers N1, N2, N3, N4, N5, N6, P1 and P2 are located in the T/B
electrical room as shown in Table 8.3.1-9. Status of these circuit breaker is displayed in
the MCR.

The A-AAC GTG and B-AAC GTG are located in separate rooms in the PS/B. The
rooms for the A-AAC GTG and B-AAC GTG are physically separated from each other
and also from the Class 1E GTG rooms as shown in the Figure 8.3.1-4. The non-Class
1E AAC GTGs are of different rating with diverse starting mechanism compared to the
Class 1E GTGs and do not share any common auxiliaries or support systems with the
Class 1E GTGs. This minimizes common-cause failure between the AAC GTGs and the
Class 1E GTGs. Each AAC GTG is provided with a 1.5 hour fuel oil day tank and a fuel
oil storage tank. The fuel capacity is adequate for 7days operation. During SBO, the
power to the Class 1E buses A or B is restored manually from A-AAC GTG by closing
the disconnect switch in the selector circuit A and the circuit breaker in the Class 1E
6.9kV switchgear A or B, to cope with the SBO condition. Similarly, during SBO, the
power to the Class 1E buses C or D can also be restored manually from the B-AAC GTG
by closing the disconnect switch in the selector circuit B and the circuit breaker in the
Class 1E 6.9kV switchgear C or D, to cope with the SBO condition. Only one safety

Tier 2 8.3-3 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

train is required for coping with the SBO event. Table 8.3.1-6 shows the loading on AAC
GTG during the SBO. Details of switching operations to restore power to the Class 1E
power system during SBO are included in Section 8.4.

The UATs, RATs and SSTs are protected with differential relays for internal faults and
time overcurrent relays as backup protection. The incoming circuit breakers to the non-
Class 1E 13.8kV and 6.9kV buses are provided with undervoltage and time overcurrent
protections. The feeders on 13.8kV and 6.9kV buses are provided with instantaneous
and time overcurrent protection.

8.3.1.1.2 Class 1E Onsite AC Power System

The Class 1E onsite ac power systems provide power to the safety loads required during
LOOP and postulated accident conditions. The power from the transmission system to
the Class 1E distribution is the preferred power source under accident and post-accident
conditions. The Class 1E onsite ac power system consists of four independent and
redundant trains A, B, C and D as shown in Figure 8.3.1-1. Two independent
connections to the offsite power system are provided to each of the Class 1E 6.9kV ac
onsite buses A, B, C and D. Class 1E 6.9kV buses A and B have connections to UAT3
and RAT3, and buses C and D have connections to UAT4 and RAT4 through non-
segregated busducts/cable buses. Each redundant train is backed-up by a Class 1E
GTG. The four trains are physically separated and electrically isolated from each other
and also from the non-Class 1E systems in accordance with IEEE Std 384 (Reference
8.3.1-1) as endorsed by RG 1.75 (Reference 8.3.1-2).

6.9kV-480V, two winding SSTs connected to the Class 1E 6.9kV buses A, B, C and D
provide power to Class 1E 480V load center buses A, B, C and D respectively. The
Class 1E 480V load center buses feed the Class 1E MCC buses except for the Class 1E
480V ac MOV MCCs, which are supplied from the inverters. The A MOV MCC1, A MOV
MCC2, B MOV MCC, C MOV MCC, D MOV MCC1 and D MOV MCC2 are fed from the
Class 1E 125V dc buses as shown in Figure 8.1-1.

Class 1E onsite ac power system includes 6.9kV, 480V and 120V ac systems. Each
bus voltage is indicated in the MCR.

8.3.1.1.21 System Redundancy

The Class 1E 6.9kV bus in each train is provided with offsite power from two
connections to the transmission system; one through the RAT and the other through the
UAT. Normal preferred offsite power is provided from the RATs and the alternate
preferred offsite power is provided from the UATs. Each offsite power circuit is capable
of supplying the Class 1E load requirements during all plant operating conditions,
anticipated operational occurrences and the DBEs. Any two Class 1E trains including
the power sources are adequate to supply the loads required during LOOP and LOCA
conditions occurring simultaneously.

Class 1E 6.9kV buses A, B, C and D are backed-up by Class 1E GTGs A, B, C and D
respectively. The rating of Class 1E GTG is shown in Table 8.3.1-1. In case of LOOP to
any Class 1E 6.9kV bus, the undervoltage relays on the bus trip all the motor loads
connected to the affected bus and start the Class 1E GTG associated with that bus.
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Power to the Class 1E bus is restored automatically by closing the Class 1E GTG circuit
breaker after the Class 1E GTG reaches set voltage and frequency limits. Required
loads on the bus are automatically started in sequence by the load sequencer. Detailed
logic schemes for initiating Class 1E GTG starting, load shedding and load sequencing
are shown in Figure 8.3.1-2.

The 6.9kV-480V Class 1E SSTs A, B, C and D provide power to the 480V Class 1E load
centers A, B, C and D respectively.

Four train safety system loads are distributed on the four redundant Class 1E trains A, B,
C and D. Two train safety loads are distributed on Class 1E 480V buses A1 and D1. A1
buses are train A and can be powered from train B. Similarly, D1 buses are train D and
can be powered from train C.

Availability of power from any two trains is adequate to meet the load requirements
during all design-basis events such as LOOP and LOCA occurring simultaneously. No
automatic tie connections are provided between the redundant Class 1E trains A, B, C
and D. Distribution of loads on the Class 1E ac buses A, B, C and D are shown in Table
8.3.1-4, 7 and Figure 8.3.1-1.

Class 1E 6.9kV buses A, B, C and D are also provided with connections to the 6.9kV
non-Class 1E AAC GTGs A and B. Class 1E 6.9kV buses A or B can be connected to
the A-AAC GTG, and Class 1E 6.9kV buses C or D can be connected to the B-AAC
GTG during SBO condition.  Switching operations to restore power to the Class 1E
power system during SBO are described in Section 8.4.

8.3.1.1.2.2 System Independence

Two independent connections to the offsite power system are provided to each of the
6.9kV ac onsite Class 1E buses A, B, C and D. These two connections are designed
and located to minimize, to the extent practical, the likelihood of their simultaneous
failure under operating, postulated accident and environmental conditions. The
connections from the non-Class 1E offsite power sources are electrically isolated from
the Class 1E buses through Class 1E circuit breakers in the Class 1E 6.9kV switchgear.
In case of loss of power from the RATs to any Class 1E 6.9kV bus, the bus is
automatically transferred to the UAT if available, or the associated Class 1E GTG is
started. The automatic bus transfer, load shedding and load sequencing schemes for
the redundant Class 1E trains A, B, C and D are independent. The logic scheme for bus
transfer is shown in Figure 8.3.1-2.

The connections between the Class 1E 6.9kV buses and non-Class 1E AAC GTGs A
and B are provided through two isolation devices in series which are normally open; one
Class 1E circuit breaker provided at the Class 1E 6.9kV switchgear end and the other
non-Class 1E disconnect switch at the non-Class 1E selector circuits A and B. The
connections between the Class 1E 6.9kV buses and non-Class 1E selector circuits are
administratively controlled and are closed manually during SBO condition. Class 1E
6.9kV buses A or B can be connected to the A-AAC GTG, and Class 1E 6.9kV buses C
or D can be connected to the B-AAC GTG, during SBO condition. The major Class 1E
distribution equipment of train A, B, C and D are physically separated by different rooms
as shown in Figure 8.3.1-4. Redundant safe shutdown components and associated

Tier 2 8.3-5 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

redundant Class 1E electrical trains are separated from the other Class 1E and non-
Class 1E systems by 3 hour rated fire barriers to preserve the capability to safely
shutdown the plant following a fire (Subsection 9.5.1.1). Access to the Class 1E power
equipment areas is administratively controlled. The R/B and safety-related PS/Bs are
structurally designed to meet seismic category | requirements as defined in RG 1.29
(Reference 8.3.1-3). These structures are designed to withstand the effects of natural
phenomena such as hurricanes, floods, tornados, tsunamis, and earthquakes without
loss of capability to perform safety functions. They are also designed to withstand the
effects of postulated internal events such as fires and flooding without loss of capability
to perform safety functions (Subsection 1.2.1.11).  The orientation of the R/B and
safety-related PS/Bs where Class 1E onsite power system components are located, is
such that the probability of a turbine missile striking the R/B or PS/Bs is minimum. The
Class 1E onsite power system components are also protected from internally generated
missiles and tornado generated missiles. Safety-related components are protected
against dynamic effects, including the effects of missiles, pipe whipping, and discharging
fluids as a result from equipment failure or events and conditions outside the nuclear
power unit. Class 1E equipment important to safety will be protected from the dynamic
effects of pipe rupture and are capable of performing their intended safety functions
(Subsection 3.6.1).

Auxiliary support systems such as fuel oil systems, compressed air systems and control
power supplies are also separate and independent for each Class 1E train. The Class
1E power to the auxiliary support systems is derived from the same train they serve.
The heating, ventilation, and air conditioning (HVAC) systems that support operation of
the Class 1E ac distribution equipment are powered from the redundant Class 1E ac
power system as described in Subsection 9.4.3.

The four Class 1E trains are electrically isolated from the offsite power supplies and
each other. The power sources to Class 1E 6.9kV buses are not operated in parallel
except for a short period of time during the testing of Class 1E GTGs in parallel with an
offsite source. There are no automatic tie connections between the redundant Class 1E
trains. The manual tie connection between train B load center and train A load center
A1, and between train C load center and train D load center D1 are closed manually,
only during the maintenance of the Class 1E A-GTG or Class 1E D-GTG. The tie circuit
breakers are mechanically interlocked to prevent parallel connection of load center A1 to
load centers A and B, and load center D1 to load centers C and D.

Non-Class 1E loads, except for the emergency lighting and pressurizer heater circuits,
are not supplied from the Class 1E power systems. The circuits for non-Class 1E loads
are electrically isolated from the Class 1E power system by Class 1E isolation devices.

Independent cable routes are provided for each Class 1E train in conformance with IEEE
Std 384 (Reference 8.3.1-1), as endorsed by RG 1.75 (Reference 8.3.1-2), to preclude
failure in redundant trains.

The power supply arrangement described above ensures that the physical separation
and electrical isolation of redundant Class 1E trains is not compromised and any single
failure in one train does not affect the redundant trains.
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8.3.1.1.23 Single Failure Criteria

The onsite ac power system is capable of performing its safety function assuming a
single failure. Electrical and physical separation of redundant power sources and
associated distribution systems are described in Subsections 8.3.1.1.2.1 and 8.3.1.1.2.2.
The onsite ac power system has been designed to conform to the single failure criterion
requirements provided in IEEE Std 603 (Reference 8.3.1-4) as endorsed by RG 1.153
(Reference 8.3.1-5).

The components of the redundant Class 1E ac systems are independent, physically
separated and electrically isolated. The Class 1E 6.9kV switchgear, 480V load centers,
motor control centers and 120V ac 1&C power supply equipment belonging to redundant
train A, B, C and D are physically separated and located in separate rooms in the R/B.
The Class 1E GTGs are located in separate rooms in the PS/Bs (Figure 8.3.1-4). All
safety-related electrical equipment of the onsite ac power system meets the qualification
requirements of IEEE Std 323 (Reference 8.3.1-6) and applicable equipment
qualification standards.

No automatic tie connections are provided between the redundant trains of Class 1E ac
systems. The power and control circuits belonging to redundant Class 1E trains and their
associated circuits are routed in four independent routes. Minimum separation between
different trains of the Class 1E circuits, and also between Class 1E and non-Class 1E
circuits meet the requirements of IEEE Std 384 (Reference 8.3.1-1) and RG 1.75
(Reference 8.3.1-2). Class 1E circuits of redundant trains are protected so that failure of
the equipment of one train cannot disable Class 1E circuits or equipment essential to the
performance of the safety function by the redundant train(s).

The auxiliary support systems e.g., control power, fuel systems etc. for the redundant
trains of Class 1E power systems, are separate and independent. The control power
supplies for each of the redundant trains are derived from their own train. The
ventilation for the areas housing the Class 1E power supply equipment is provided by
four redundant safety-related HVAC systems. The Class 1E GTGs do not share any
common systems. Each Class 1E GTG is provided with separate and dedicated
systems for control and protection, starting, ventilation and fuel supply.

The above arrangement of redundant Class 1E power systems ensures that a single
failure in one train will have no impact on the availability of the remaining three trains to
perform the required safety function. For any DBE, only two trains are sufficient for safe
shutdown of the plant.

8.3.1.1.24 Manual and Automatic Interconnections between Buses, Load
Shedding and Load Sequencing

The Class 1E 6.9kV buses A, B, C and D can be connected to any of the following four
sources of power:

o Normal preferred offsite power from RAT

e Alternate preferred offsite power from UAT
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o Standby power from Class 1E GTG and
e AAC power from non-Class 1E AAC GTG

Class 1E 6.9kV ac buses A, B, C and D are normally powered from the RAT during all
modes of plant operation including normal and emergency shutdown, and accident
conditions. Bus transfer schemes are provided to automatically restore power to the
Class 1E buses from the alternate preferred offsite source, if available, or from the Class
1E GTG. Transfer back to RAT is by manual operation. The incoming circuit breakers
to the Class 1E buses can be operated by the automatic bus transfer scheme or by
manual control from the MCR or remote shutdown room. The AAC GTG incoming
breaker in the Class 1E switchgear has only local manual control.

The logic diagrams for initiating closing and tripping of the incoming breakers to the
Class 1E 6.9kV buses A, B, C and D are shown in Figure 8.3.1-2.

A. Automatic transfer of Class 1E buses from RAT to UAT initiated by RAT relay
protection

Automatic fast transfer for Class 1E buses A, B, C and D, from RAT to UAT, is initiated
by the RAT protective relays. The fast bus transfer is accomplished under the following
conditions:

e Main generator protection lockout relays A and B have not operated.
o Class 1E 6.9kV bus overcurrent relay have not operated.

e The synchronizing check relay between UAT and RAT gives permissive for the
transfer.

e The incoming circuit breaker from RAT is open.

The loads on the affected bus continue operation without interruption, if the fast bus
transfer from RAT to UAT is successful. If the fast bus transfer is not successful, bus
undervoltage signal initiates slow transfer as shown below:

e The bus undervoltage signal trips the incoming circuit breaker from RAT and
starts the Class 1E GTGs associated with the affected bus.

e Trip the motor loads on the affected bus.

o Close the incoming circuit breaker from the UAT after 1 second, if incoming
circuit breaker from RAT is open and the 6.9kV bus overcurrent relay did not
operate. If the voltage to the affected Class 1E buses is restored from the
alternate offsite power through UAT, loads on the affected buses are started by
the LOOP load sequencer.

o If the voltage is not restored to the affected bus after closing the incoming circuit
breaker from the UAT, the incoming circuit breaker from UAT is opened by the
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undervoltage signal. This condition is equivalent to LOOP condition for the
affected Class 1E buses.

e During LOOP condition, the incoming circuit breaker from the UAT and RAT are
tripped. The incoming circuit breaker from the Class 1E GTG associated with the
affected Class 1E bus is closed after the Class 1E GTG reaches set voltage and
frequency.

o Loads required for LOOP condition are started in sequence by the LOOP load
sequencer.

If the Class 1E GTG is operating in parallel with the offsite power source from RAT,
during periodic testing and loss of offsite power from RAT occurs due to the tripping of
incoming circuit breaker from RAT by the protections, then the automatic fast bus
transfer from RAT to UAT is blocked. The Class 1E GTG continues to power the loads
running on the bus prior to the tripping of incoming breaker from RAT.

B. Automatic transfer of Class 1E buses from RAT to UAT initiated by loss of offsite
power from RAT

The bus undervoltage signal initiates slow transfer as shown below:

e The bus undervoltage signal trips the incoming circuit breaker from RAT and
starts the Class 1E GTGs associated with the affected buses.

e Trip the motor loads on the affected buses

¢ Incoming circuit breaker from the UAT is closed after 1 second, if incoming circuit
breaker from RAT is open and the 6.9kV bus overcurrent relay did not operate. If
the voltage to the affected Class 1E buses is restored from the alternate offsite
power from UAT, loads on the affected bus are started by the LOOP load
sequencer.

o If the voltage is not restored to the affected bus after closing the incoming circuit
breaker from the UAT, the incoming circuit breaker from UAT is opened by the
undervoltage signal. This is equivalent to LOOP condition for the affected Class
1E bus.

e During LOOP condition, the incoming circuit breaker from the Class 1E GTG
associated with the affected Class 1E bus is closed after the Class 1E GTG
reaches set voltage and frequency.

e Loads required for LOOP condition are started in sequence by the LOOP load
sequencer.

If the Class 1E GTG is operating in parallel with the offsite power source from RAT
during periodic testing and a loss of offsite power from RAT occurs, then the following
scenario develops:

Tier 2 8.3-9 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

e Incoming circuit breakers from the RAT and Class 1E GTG remain closed and
the Class 1E GTG continues to power the loads connected to the bus prior to the
loss of offsite power from the RAT.

e Since the incoming circuit breaker from RAT is still closed, the Class 1E GTG
gets overloaded and the frequency at the Class 1E bus drops. (The automatic
voltage regulator of the Class 1E GTG may maintain the voltage.)

e The bus underfrequency relay initiates tripping the incoming circuit breaker from
the Class 1E GTG instead of undervoltage relay to prevent the Class 1E GTG
from damage. The GTG can continue to run.

e After tripping the incoming circuit breaker from the Class 1E GTG, the motor
loads on the bus and the incoming circuit breaker from the RAT are tripped by
the bus undervoltage signal.

e Power to the affected bus is restored either from the UAT or the GTG by the slow
transfer and the loads required during LOOP are started in sequence by the
LOORP load sequencer.

C. LOCA with offsite power available

In case of LOCA, the GLBS is opened, power from RAT to the Class 1E buses A, B, C
and D is not affected. The Class 1E GTGs are started by emergency core cooling
system (ECCS) actuation signal. The loads on the Class 1E buses A, B, C and D do not
get tripped and additional accident loads are automatically started by the ECCS load
sequencer. The Class 1E GTGs start by the ECCS actuation signal and run with no load.
If the Class 1E GTG is operating in parallel with the offsite power source prior to LOCA,
the ECCS actuation signal opens the Class 1E GTG circuit breaker. GTG continues to
run with no load. The loads on the Class 1E buses A, B, C and D do not get tripped and
additional accident loads are automatically started by the ECCS load sequencer. The
Class 1E GTGs will be stopped manually.

D. Automatic transfer of Class 1E buses from RAT to UAT due to loss of offsite power
from RAT and LOCA occurring simultaneously

The Class 1E GTGs are automatically started by the ECCS actuation signal. Loss of
offsite power from the RAT is sensed by the Class 1E bus undervoltage relays and the
motor loads on the affected bus are tripped. The undervoltage relays trip the incoming
circuit breaker from RAT. The incoming circuit breaker from UAT is closed after one
second if the following conditions are satisfied:

e The incoming circuit breaker from the RAT is open.

e The MT circuit breaker is closed or GLBS is closed which means offsite power
from UAT is available.

o Class 1E 6.9kV bus overcurrent relay did not operate.
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After the incoming circuit breaker from the UAT is closed, the accident loads are started
by the ECCS load sequencer. If the transfer to UAT fails, the UAT breaker is tripped by
the bus undervoltage signal and the incoming circuit breaker from the Class 1E GTG is
closed after the Class 1E GTG reaches set voltage and frequency. The accident loads
are started by the ECCS load sequencer.

When the offsite power becomes available from UAT or RAT, the Class 1E buses can
be transferred to the offsite source as follows:

1.

2.

3.

4.

The Class 1E GTG is synchronized with the offsite source.
Incoming circuit breaker from the offsite source is closed.

The Class 1E GTG is unloaded and the circuit breaker from the Class 1E GTG
is opened.

Class 1E GTG is stopped.

E. Manual transfer of Class 1E buses to non-Class 1E AAC GTG during SBO condition

LOOP combined with failure of onsite Class 1E GTGs to restore power to the Class 1E
ac buses results in SBO condition. Power to one Class 1E 6.9kV bus can be restored
manually from the AAC GTG as follows:

1.

6.9kV permanent bus P1 and P2 undervoltage relays operated by LOOP give
signal to the A-AAC GTG and B-AAC GTG to start automatically.

. As soon as the AAC GTGs reach the set voltage and frequency limits, AAC

GTG circuit breaker in the selector circuit closes automatically.

As soon as the AAC GTG circuit breaker in selector circuit A closes, A-AAC
GTG gets connected to 6.9kV permanent bus P1. Loads on 6.9kV permanent
bus P1 are automatically started in sequence as shown in Figure 8.3.1-2.
During an SBO, power to one of the Class 1E 6.9kV buses A or B can be
restored manually at operator discretion from the A-AAC GTG by closing the
tie connection between A-AAC GTG and the Class 1E 6.9kV bus A or B by
local manual closing of the disconnect switch in the selector circuit A and the
A-AAC GTG incoming circuit breaker in the Class 1E switchgear A or B.
Those loads that are not required to be running during an SBO on the
permanent bus P1, are tripped manually and blocked from restarting. The
loads required on the Class 1E buses A (or B) are manually started.

Similarly, as soon as the B-AAC GTG circuit breaker in selector circuit B
closes, B-AAC GTG gets connected to 6.9kV permanent bus P2. Loads on
6.9kV permanent bus P2 are automatically started in sequence as shown in
Figure 8.3.1-2. Power to one of the Class 1E 6.9kV buses C or D can be
restored manually from the B-AAC GTG by closing the tie connection between
B-AAC GTG and the Class 1E 6.9kV bus C or D by local manual closing of the
disconnect switch in the selector circuit B and the B-AAC GTG incoming circuit
breaker in the Class 1E switchgear C or D. Those loads that are not required
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to be running during an SBO on the permanent bus P2 are tripped manually
and blocked from restarting. The loads required on the Class 1E buses C (or
D) are manually started.

Restoration of power to only one Class 1E 6.9kV bus is required to cope with an
SBO. A detailed description of the restoration of electrical power to the Class 1E
buses from the AAC GTGs during an SBO is included Section 8.4.

8.3.1.1.2.5

Protection of Class 1E AC Onsite Power System

Protection mechanisms for the Class 1E power system equipment and components are
designed meet the criteria provided in IEEE Std 741 (Reference 8.3.1-7). Some of the
important protection mechanisms are as shown in Figure 8.3.1-1 and described below:

Protections for Class 1E systems

Undervoltage protection

Each Class 1E 6.9kV bus is provided with undervoltage relays for (1)
protecting the Class 1E loads from prolonged undervoltage during
degraded grid conditions (2) starting the emergency Class 1E GTGs (3)
tripping the motor feeder breakers (4) tripping and closing the incoming
breakers and (5) initiating undervoltage alarms.

Two sets of undervoltage relays are provided on each Class 1E 6.9kV
bus, one set to detect loss of bus voltage and the other to detect the
degraded voltage conditions.

Loss of bus voltage protection

The Class 1E 6.9kV bus undervoltage relay initiates loss of bus voltage
signal by using two out of three logic. The undervoltage relays are set to
actuate if the bus voltage drops below 70% for more than set time delay.
This voltage setting prevents relay operation during large motor starting.
The time delay is selected long enough to prevent actuation of loss
voltage signal during some electrical faults when the bus voltage could
drop below 70% for a few cycles before the fault is cleared.

The loss of bus voltage signal initiates:
. Tripping of incoming circuit breaker from the RAT.
° Tripping of motor feeder circuit breakers.
. Starting emergency Class 1E GTG.

. Closing of the incoming circuit breaker from the UAT or Class
1E GTG, by slow transfer.
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Degraded voltage protection

In addition to the undervoltage relays provided to detect LOOP at the
Class 1E buses, a second level of undervoltage protection with time delay
is provided on each 6.9kV Class 1E bus to protect the Class 1E
equipment from prolonged undervoltage in accordance with BTP 8-6
(Reference 8.3.1-8). The voltage sensors and the relays are separate and
independent for each train.

The degraded voltage and time delay setpoints are selected based on the
voltage requirements of the Class 1E loads at all voltage levels.

Degraded voltage condition is detected by using two out of three logic.
Two separate time delays are provided for detecting the degraded voltage
conditions:

° The first time delay is set long enough to prevent operation
during undervoltage conditions due to motor starting transients.
Following this time delay, an alarm is initiated in the MCR.
Subsequent to this time delay, if a LOCA occurs, the Class 1E
distribution system is isolated from the offsite power system.

. The second time delay is set to prevent damage to permanently
connected Class 1E loads. Following this time delay, the
following actions are taken to isolate the Class 1E 6.9kV buses
from the offsite power system:

- Tripping of the incoming circuit breaker from the offsite
power source

- Starting the Class 1E GTG

The undervoltage relays can be to tested and calibrated during power operation.
Bypassing of these undervoltage relays is annunciated in the MCR.

The voltage levels at the Class 1E buses are optimized for the maximum
and minimum load conditions and for the voltage variations of the offsite
power sources.

Overcurrent protection

All incoming and outgoing switchgear circuit breakers are provided with
multi-function relays. The protective functions are selected based on the
load and circuit protection requirements. Overcurrent protection provided
for major equipment is as follows:

. The time overcurrent protection is provided for all bus incoming
circuit breakers.
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. Motors and feeder cables are protected for short circuit,
overload, ground fault and locked rotor conditions by long time
and instantaneous overcurrent protections. Ground fault
protection is provided by ground overcurrent relay with long
time and instantaneous functions. The time over current relays
are set in accordance with the recommendations provided in
IEEE Std C37.96 (Reference 8.3.1-9). The instantaneous
element is set high enough to override the asymmetrical inrush
current.

. Protection on MV circuit breakers for load center feeders
include overload, short circuit and ground fault protection with
long time and instantaneous functions. The relay settings are
based on the recommendations provided in IEEE Std C37.91
(Reference 8.3.1-10).

. The overcurrent protection is set to assure proper coordination
throughout the electrical power distribution system.

480V load center protection

Each 480V Class 1E load center bus is provided with undervoltage relays for
tripping of feeder circuit breakers except for the MCCs and undervoltage
annunciation.

Each 480V load center circuit breaker is equipped with a solid state protective
device. Long-time, short-time, instantaneous and ground fault protection features
are based on circuit protection requirements.

480V motor control center protection

Each 480V motor control center is equipped with molded case circuit breakers
(MCCBs). MCCBs provide time over current and/or instantaneous short circuit
protection for the connected loads. The MCCB for motor circuits has
instantaneous trip only. Motor overload protection is provided by thermal trip
units in the motor controller. The MCCBs for non-motor feeder circuits have
thermal time over current protection and instantaneous short circuit protection.

Motor operated valves

The MCCs provide thermal overload protection to the motor operated valves in
accordance with RG 1.106 (Reference 8.3.1-11). The thermal overload
protection devices are continuously bypassed and temporarily placed in force
only when the valve motors are undergoing periodic or maintenance testing.

8.3.1.1.2.6  Testing of AC Systems during Power Operation
All Class 1E circuit breakers and motor controllers are testable during reactor operation.

During periodic testing of Class 1E system, subsystems of the engineered safety
features actuation system, such as safety injection, containment spray, and containment

Tier 2 8.3-14 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

isolation are actuated thereby causing appropriate circuit breaker or contactor operation.
The 6.9kV and 480V switchgear circuit breakers and control circuits can also be tested
independently while individual equipment is shutdown. These circuit breakers can be
placed in test position and exercised without operation of the associated equipment.
The use of jumpers or other temporary test arrangements which would bypass protective
functions is not required to verify system capability to operate except during startup
testing.

8.3.1.1.2.7  Sharing of Systems and Equipment between Units

The US-APWR is a single unit design, so there is no sharing of safety-related systems or
components between units.

8.3.1.1.2.8 Class 1E Electrical Equipment Qualification

The electrical equipment identified as safety-related is qualified as Class 1E and is
designated as seismic category |. The Class 1E equipment and components are
capable of withstanding the environmental conditions to which they are exposed. The
Class 1E equipment qualification meets the requirements of IEEE Std 323 (Reference
8.3.1-6), IEEE Std 344 (Reference 8.3.1-12) and applicable equipment standards.

8.3.1.1.3 Class 1E Standby Power Sources

GTG will be used as Class 1E standby power sources for the US-APWR. Design of the
Class 1E standby power sources for US-APWR is based on the use of qualified GTG for
Class 1E applications based on the advantages shown below:

e The GTG is more reliable and has fewer components and auxiliary systems than
diesel generators.

e The GTGs do not have cooling water requirements.

e The GTGs need less space than diesel generators.

e The GTGs require less maintenance than diesel generator units.
Note

The GTG starting time is less than 100 seconds, compared to the 10 second starting
time for a diesel generator. Based on the safety analysis of the US-APWR with an
advanced accumulator, the required starting time for the emergency Class 1E
standby source is 100 seconds. Therefore, a less than 100 seconds starting time is
acceptable.

GTGs have rarely been used in the past in Class 1E standby power supply applications.
The GTGs will be qualified for Class 1E application as standby emergency power
sources using applicable standards and regulations. The Class 1E qualification plan is
presented in Technical Report MUAP-07024 (Reference 8.3.1-13)
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The plant has four redundant Class 1E trains, with identical safety-related equipment on
all four trains. Each redundant Class 1E power supply train is provided with a dedicated
and independent Class 1E GTG connected to the Class 1E 6.9kV bus in that train. The
Class 1E GTG rating is shown in Table 8.3.1-1. Availability of power from any two Class
1E GTGs to the associated Class 1E frains is adequate to meet the maximum
emergency load requirements during LOOP and LOOP+LOCA conditions. The Class 1E
GTGs meet or exceed the requirements of RG 1.9 (Reference 8.1-2).

The Class 1E GTGs in each train are physically separated and electrically isolated from
the Class 1E GTGs of the other trains. The Class 1E GTGs are housed in separate
rooms of the PS/Bs, which are seismic category | structures, as shown in Figure 8.3.1-4.
The power and control cables from the Class 1E GTGs A, B, C and D to their respective
Class 1E 6.9kV buses are routed through physically separate routes from each other.
This arrangement minimizes the potential for a common-cause failure such as missile,
fire, flooding etc. affecting more than one redundant Class 1E GTG.

Rating of Class 1E GTGs is determined based on the characteristics of each connected
load, required duration of operation and maximum combined load demand on the Class
1E GTG during the worst operating conditions. The loading for the Class 1E GTGs
during various operating conditions is shown in Table 8.3.1-4. The maximum loading on
the Class 1E GTG is determined based on the nameplate rating of the load, pump
pressure and flow under runout conditions, or starting horsepower equivalent to motor
brake horsepower. The ratings considered for each load are noted in the Figure 8.3.1-1
and Table 8.3.1-4. The inrush and other characteristics of the loads are presented in
Technical Report MUAP-07024 (Reference 8.3.1-13).

The design aspects of the onsite Class 1E GTGs are discussed below:
8.3.1.1.31 Starting of GTGs
The Class 1E GTGs are started by the following methods:

¢ Automatic starting by the ECCS actuation signal

e Automatic starting by an undervoltage signal on the Class 1E 6.9kV bus to
which the Class 1E GTG is connected

o Automatic starting by a degraded grid voltage signal on the Class 1E 6.9kV
bus to which the Class 1E GTG is connected

¢ Manual starting from MCR
¢ Manual starting from the Class 1E GTG room in the PS/B.
e Manual starting from remote shutdown room in the R/B
The Class 1E GTGs start and are ready to accept load, in less than 100 seconds after

receiving the start signal. Restoration of power from the Class 1E GTGs to the Class 1E
6.9kV buses and automatic load sequencing is performed as follows:
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If the Class 1E GTGs are started automatically by the ECCS actuation signal
without LOOP, then:

1.

The Class 1E GTGs start and run without being connected to the Class 1E
buses.

Required loads are automatically started on the buses as per the ECCS load
sequence shown in Figure 8.3.1-2.

Class 1E GTGs that are already started by the ECCS actuation signal are
kept running with the Class 1E GTG breaker open. After this, Class 1E GTG
will be stopped manually

If the Class 1E GTGs are started automatically by ECCS actuation signal
coincident with LOOP or degraded grid voltage condition, then:

1.

The incoming circuit breakers from UAT and RAT offsite power supply
connections to the Class 1E 6.9kV buses are tripped and are prevented from
closing automatically.

All the motor loads running on the affected Class 1E 6.9kV buses are tripped.

Class 1E GTGs that are already started by the ECCS actuation signal are
automatically connected to their associated Class 1E buses.

Required loads are automatically started on the bus as per the ECCS load
sequence shown in Figure 8.3.1-2.

If the Class 1E GTGs are started by an undervoltage signal or a degraded grid
voltage signal (without the ECCS actuation signal), then:

1.

Motor loads connected to the Class 1E buses are tripped by the undervoltage
signal.

Class 1E GTG associated with the Class 1E bus is started.

Incoming circuit breakers from the UAT and RAT offsite power supply
connections to the Class 1E 6.9kV bus are tripped and prevented from
reclosing automatically.

The Class 1E GTGs that are already started are automatically connected to
the Class 1E buses.

The loads on the Class 1E buses are automatically started and connected to
the Class 1E buses per the LOOP load sequence shown in Figure 8.3.1-2.
Should a LOCA occur during the LOOP load sequencing or after completing
the LOOP load sequence, the loads required by ECCS actuation signal are
started as per the ECCS load sequence with shedding of the loads that are
not required.
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The Class 1E GTGs are also manually started and paralleled with the offsite power
supplies during periodic load testing of the Class 1E GTGs.

The automatic starting of Class 1E GTG, circuit breaker closing and load sequencing
logic diagrams are shown in Figure 8.3.1-2. The manual and automatic switching of the
incoming circuit breakers from the offsite sources, Class 1E GTGs, and load sequencing
operations are also covered in Subsection 8.3.1.1.2.4.

The voltage and frequency variations during Class 1E GTG load sequencing and
recovery to within acceptable limits meet or exceed the criteria established in RG 1.9
(Reference 8.1-2).

8.3.1.1.3.2 Class 1E GTG Starting System

The starting system for the Class 1E GTGs is a compressed air system. The starting
system for each Class 1E GTG is independent and physically separate. Refer to
Subsection 9.5.6 for a detailed description of starting system.

8.3.1.1.33 Tripping Devices

The following trip protective functions are provided during operation of the Class 1E
GTG:

1. Overspeed

2. Generator differential current

3. High exhaust gas temperature

4. Failed to start

5. Overcurrent

6. Low pressure lube oll

7. High temperature lube oil

8. Anti motoring
During operation of the Class 1E GTG under a LOCA condition, all protective functions
are bypassed except the functions listed below and a Class 1E GTG trouble alarm is
initiated in the MCR:

1. Overspeed

2. Generator differential current

3. High exhaust gas temperature
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The Class 1E GTGs are monitored from the MCR and each device, when actuated,
initiates annunciation in the MCR. These functions are also provided with alarms in the
Class 1E GTG room. The alarms, where possible, are set so that they provide a
warning of impending trouble prior to tripping the Class 1E GTGs.

8.3.1.1.34 Interlocks

Each Class 1E 6.9kV bus is provided with connections to two offsite power supplies, one
Class 1E GTG and one non-Class 1E AAC GTG. Class 1E incoming circuit breakers in
the Class 1E 6.9kV switchgear provide isolation between the power sources and the
Class 1E 6.9kV buses. Only one incoming breaker is closed at any time except during
testing of the Class 1E GTG in parallel with offsite sources or for a short duration during
parallel transfer from one source to an other during restoration of power to the Class 1E
buses from the offsite power supplies, AAC GTGs after SBO. The following interlocks
are provided for automatic and manual closing of the incoming breakers:

e The incoming breaker to the Class 1E 6.9kV bus cannot be closed on to a faulted
bus during bus transfer.

e Only one incoming circuit breaker to the 6.9kV bus is closed during all modes of
operation except during parallel operation of the Class 1E GTG with offsite power
source during periodic testing or for a short duration during parallel transfer from
the AAC GTG.

e During manual transfer of power from UAT to RAT or RAT to UAT, both the
incoming circuit breakers from UAT and RAT are momentarily paralleled after
synchronizing both the sources. Electrical interlocks are provided to prevent both
incoming breakers from the offsite sources remaining paralleled.

e During periodic testing, the Class 1E GTG is operated in parallel with the offsite
power source. The incoming breaker from the GTG is interlocked to close only
after synchronization with the offsite power source.

e During LOOP, bus undervoltage signal trips both incoming circuit breakers on the
bus connected to the offsite sources and prevents them from automatic re-
closing.

o When the Class 1E GTG provides power to the 6.9kV buses, the incoming
breaker from the offsite power supply can only be closed manually after
synchronizing the offsite power source with the Class 1E GTG supplying power
to the bus. The incoming breaker from the Class 1E GTG is tripped manually
after the incoming breaker from the offsite power source is closed.

e The tie connection between the Class 1E 6.9kV buses A, B, C & D and the non-
Class 1E AAC GTGs is normally open. The tie can only be closed manually by
administrative controls and automatic closing interlocks are not provided.
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8.3.1.1.3.5 Permissive

A switch is provided in the Class 1E GTG room in the PS/B for each Class 1E GTG to
block automatic start signals when the Class 1E GTG is out for maintenance. When the
switch is in local position, annunciation is initiated in the MCR.

The Class 1E GTG can be started from the Class 1E GTG room, the MCR or the remote
shutdown room.

The manual start switch provided in the Class 1E GTG room bypasses the automatic
start signals to allow a manual start of the Class 1E GTG. During periodic tests, a test
switch in the MCR allows parallel operation with the offsite source after starting and
synchronization of the Class 1E GTG.

8.3.1.1.3.6 Load Shedding and Sequencing Circuits

The bus undervoltage signal due to loss of voltage or degraded grid voltage on the Class
1E 6.9KkV buses initiates the following actions:

¢ Shed all motor loads by loss of voltage signal.

e Send a signal to start the Class 1E GTG associated with the affected Class 1E
bus.

e Trip the incoming breakers from the offsite power supplies through UAT and/or
RAT and prevent them from reclosing.

Each Class 1E GTG is designed to start, reach set voltage and frequency and be ready
to accept loads within 100 seconds after receipt of a start signal. All the automatically
sequenced loads are connected to the Class 1E bus in 50 seconds after connecting
Class 1E GTG to the Class 1E bus as shown in Figure 8.3.1-2. The Class 1E GTG
terminal voltage and frequency are measured by the relays at the Class 1E GTG
terminals and provide a permissive interlock for the closing of the respective Class 1E
GTG circuit breaker. After connecting the Class 1E GTG to the bus, the loads on the
Class 1E bus are connected automatically in sequence at programmed interval as
shown in Figure 8.3.1-2.

Should a LOCA occur during the LOOP load sequencing or after the LOOP sequencing
is completed, the ECCS actuation signal initiates the ECCS load sequence. Those loads
that are not needed by the ECCS are shed by the ECCS actuation signal.

If a LOOP occurs during ECCS load sequencing or after ECCS load sequencing is
completed, the ECCS load sequencing will be reset and all motor loads will be shed by
the undervoltage signal.

If power to the bus is restored either from the UAT or Class 1E GTG after slow transfer,
the ECCS load sequence is restarted. Loads operated for the LOCA sequence are
shown in Figure 8.3.1-2.
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8.3.1.1.3.7 Loss of Class 1E GTG

Should a Class 1E GTG fail due to a mechanical or electrical malfunction or is tripped by
one of the trip signals, as shown in Subsection 8.3.1.1.3.4, the sequencer will shed all
loads after the Class 1E GTG breaker has opened.

8.3.1.1.3.8 Testing

The following site tests are performed on the Class 1E GTG during the plant
preoperational test program and during the plant operation. The test procedures include
a final equipment check prior to starting the tests.

1. During the plant preoperational test programs only, 25 consecutive start tests for each
Class 1E GTG are to be run with no failures, to demonstrate the required reliability.

2. During the plant operation, a single start test on 31day test intervals will be performed.
The periodic testing of Class 1E GTG during the plant operation is intended to:

a. Demonstrate that the Class 1E GTG starts and verify that the required voltage and
frequency are attained.

b. Demonstrate maximum expected load-carrying capability for an interval of not less
than 1 hour. The maximum expected loading for Class 1E GTG is based on a
LOCA concurrent with a LOOP.

This test may be accomplished by synchronizing the Class 1E GTG with the offsite
power system from either a RAT or the UAT, and loading at the maximum practical
rate as recommended by manufacturer.

3. GTG failures will be addressed in accordance with plant procedures that implement
the provisions of 10 CFR 50.65 (Reference 8.2-7).

4. The Technical Specifications will include requirements such that during the
preoperational period and at least once every 24 months after the plant is in operation,
tests are run during shutdown (except for tests described by items f, g, h, and k). The
test procedures shall include a final equipment check prior to starting the tests. Tests
described by items e, f, g and i may be performed during any mode of plant operation,
as required.

a. Demonstrate that on loss of offsite power the Class 1E buses have been de-
energized and that the loads have been shed from the Class 1E buses in
accordance with design requirements.

b. Demonstrate that on loss of offsite power the Class 1E GTGs start on the auto start
signal, load shed occurs, the Class 1E buses are energized along with SSTs, the
auto connected shutdown loads are energized through the load sequencer, and the
system operates for 5 minutes while the Class 1E buses are loaded with the
shutdown loads.
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c. Demonstrate that on a safety features actuation signal (without loss of offsite
power) the Class 1E GTGs start on the auto start signal and operate on standby for
5 minutes.

d. Demonstrate that on loss of offsite power, in conjunction with a safety features
actuation signal, the Class 1E GTGs start on the auto start signal, load shedding
occurs, the emergency buses are energized along with SSTs, the auto connected
emergency (accident) loads are energized through the load sequencer, and the
system operates for 5 minutes while the Class 1E GTGs are loaded with the
emergency loads.

e. Demonstrate maximum expected load-carrying capability for 24 hours, of which 22
hours are at a load equivalent to the maximum expected loading of the Class 1E
GTG and 2 hours at a load equivalent to or greater than 105 % of the maximum
expected loading of the Class 1E GTG.

f. Demonstrate functional capability at full load temperature conditions by verifying
the Class 1E GTG starts upon receipt of a manual or auto-start signal, and the
generator voltage and frequency are attained within the required time limits.

g. Demonstrate proper operation during Class 1E GTG load shedding, including a
test of the loss of the largest single load and of complete loss of load. Verify that
the overspeed limit is not exceeded.

h. Demonstrate the ability to:

o Synchronize the Class 1E GTG unit with the offsite system while the unit
is connected to the emergency load.

o Transfer the emergency load to the offsite system.
o Restore the Class 1E GTG to standby status.

i. Demonstrate that the fuel transfer pumps transfer fuel from each fuel storage tank
to the day tank of each Class 1E GTG.

j- Demonstrate that, with the Class 1E GTG operating in a test mode and connected
to its Class 1E bus, a simulated ECCS signal overrides the test mode by: (1)
returning the GTG to standby operation, and (2) automatically energizing the
emergency loads with offsite power.

k. Demonstrate that the specified automatic trip signals for the GTG are bypassed
automatically as designed.

I. Demonstrate that by starting and running (unloaded) redundant units
simultaneously, common failure modes that may be undetected with single GTG
testing do not occur.

The test procedures will specifically state that the Class 1E GTG unit is to be reset at the
conclusion of the test to allow an automatic start when required.
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8.3.1.1.3.9 Fuel Oil Storage and Transfer Systems

Each Class 1E GTG is provided with dedicated and independent fuel oil supply system,
fuel oil day tank and underground storage tank. The fuel oil systems are not shared
between the GTGs of redundant groups and these systems are designed to minimize
common cause failure between the GTGs of redundant groups.

The day tank capacity is adequate for 1.5 hours of operation Class 1E GTG at maximum
required loading.

The maximum expected loading for Class 1E GTG occurs under LOOP+LOCA
conditions. The electrical power and control circuit power supplies for the Class 1E fuel
oil system are provided from the Class 1E power systems in the same train.

The day tank is located inside the associated Class 1E GTG room in the PS/B. The fuel
level in the day tank is maintained automatically by the fuel transfer pumps pumping the
fuel from the storage tanks on day tank low level. Each day tank is provided with two
fuel transfer pumps.

The storage tank capacity is adequate to meet the maximum load demand on the
associated Class 1E GTG for 7 days. One independent and dedicated storage tank is
provided for each Class 1E GTG. The underground storage tanks are located outside of
the building.

The Class 1E GTG fuel oil system is described in Subsection 9.5.4.

8.3.1.1.3.10 Cooling Water Systems

The GTG does not need cooling water system.

8.3.1.1.3.11 Instrumentation and Control Systems

Equipment is provided for the following operations:

Manual starting and stopping.

Manual and automatic synchronization.

Manual frequency and voltage setting.

Emergency stop in the Class 1E GTG room.

Voltage regulator manually actuated droop and reset.

A selector switch is provided in each Class 1E GTG room for local/remote control
selection. The switch is normally in the remote position, whereby the engineered safety
features system senses an accident or loss of preferred power and starts the Class 1E
GTG. The selector switch is placed in the local position to allow manual operation of the
Class 1E GTG locally when it is out for maintenance. Then the local manual start switch
functions to start the Class 1E GTG. Equipment is also provided locally at remote
shutdown room for each Class 1E GTG manual starting in case of a MCR evacuation.
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The local control operation is annunciated in the MCR. The power source for the Class
1E GTG instrumentation and control system is in the same load group as the respective
Class 1E GTG.

Each Class 1E GTG local control panel is equipped with the alarms listed in Table 8.3.1-
8. Most of the alarms are duplicated in the MCR.

Electrical instruments are provided in the MCR for surveillance of generator voltage,
current, frequency, power, and reactive volt amperes and also at the Class 1E GTG for
surveillance of Class 1E GTG voltage, current, and frequency. The status of each Class
1E 6.9kV breaker of the engineered safety features system is displayed on the operator
console in the MCR. Local indication is also provided at the switchgear.

Each Class 1E GTG system status can be monitored on the operator console in the
MCR.

For the Class 1E GTG to be automatically or manually started from MCR or remote
shutdown room, the mode switch on the Class 1E GTG control panel must be in the
"Remote" position of control (local/remote) switch on the Class 1E GTG control panel. If
the switch is not in remote position, an alarm on the operator console in the MCR and
Class 1E GTG control panel will alert the operator that the Class 1E GTG is disabled.

8.3.1.1.4 Control Rod Power Supply

Electric power to control rod drive mechanism (CRDM) is supplied by two full capacity
motor-generator sets. Each motor-generator set is powered from separate non-Class
1E 480V buses N3 and N5.

Each generator is driven by a 132kW (=177HP) induction motor. The ac power is
distributed to the rod control power cabinets through two Class 1E series connected
reactor trip breaker sets each of which is located in the separate fire area.

8.3.1.1.5 Class 1E 480V AC Inverter Supply to MOVs

The Class 1E ac motor operated valves MCCs requiring Class 1E uninterrupted 480V ac
power supply are fed from the 60kVA, 480V ac, 3 phase, 60Hz inverter. There are six
inverters: Two each on train A and train D and one on each Class 1E train B and C. The
inverter is connected to the Class 1E 125V dc bus in each train, as shown in Figure 8.1-
1. The AMOV MCC1, A MOV MCC2, B MOV MCC, C MOV MCC, D MOV MCC1 and D
MOV MCC2 are fed from the corresponding train of the MOV inverter each of which is
backed up by the pertinent Class 1E 125V dc bus as shown in Figure 8.1-1. Each MOV
is started at the required time by automatic starting signal for equalization of dc current.

8.3.1.1.6 Class 1E 120V AC I&C Power Supply

There are four independent Class 1E 120V ac I&C power supply trains A, B, C & D to
supply four trains of the protection and reactor control systems, as shown in Figure
8.3.1-3. Each train consists of an UPS, a bypass transformer, a switching circuit and
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120V ac distribution panels. Input to the UPS and the bypass transformers in each train
is obtained from the ac and dc buses belonging to the same train.

UPS units A, B, C and D are connected to 120V ac distribution panels A, B, C and D
respectively through the switching circuit.

The bypass transformers A, B, C and D are also connected to the 120V ac distribution
panels A, B, C and D respectively through the switching circuit.

Normally 120V ac distribution panels A, B, C and D are fed from the 50kVA, 1 phase
UPS units A, B, C and D respectively. In case of failure of the UPS unit or if the UPS
unit is out on maintenance, buses A, B, C and D are switched to the 50kVA, 480V/120V
ac bypass transformer associated with the same train. Switching between each UPS unit
and the bypass transformer is done automatically by an undervoltage signal.
Administrative controls ensure that no more than one vital ac bus is powered from the
bypass transformer at any time during routine preventive maintenance of the associated
UPS unit.

During LOOP input to the UPS unit is powered by the Class 1E battery and the supply to
the 120V ac distribution panel is restored without interruption.

Output voltage and current of UPS and transformer are displayed in the MCR. Position
of switching circuit and voltage of buses are also displayed in the MCR.

8.3.1.1.7 Non-Class 1E 120V AC I&C Power Supply

The non-Class 1E 120V ac I&C power supply is designed to furnish reliable power to all
non safety-related plant instruments and controls. There are nine non-Class 1E 120V ac
I&C power supply systems as shown in Figure 8.3.1-3. Each system consists of a UPS
unit with an inverter and a bypass transformer, bypass switches and 120V ac distribution
panels. The ac input to the inverter and the bypass transformer is provided from
different MCCs connected to 480V ac permanent buses P1 and P2. This arrangement
results in the availability of ac power to the inverters from either of the permanent buses
P1 or P2.

Each UPS and bypass transformer is connected to the 120V ac distribution panel. Each
bypass transformer is connected to the 120V ac bus via switching circuit when the
inverter in not in service.

Normally the 120V ac bus is fed from the inverter. When the inverter fails or is out on
maintenance, the 120V ac bus is transferred to the bypass transformer by static switch
or manually through synchronizing, without interruption of power to the loads.

When a LOOP occurs, the inverter is fed from the battery for the time required for the
non-Class 1E 1&C loads that include AAC GTG control to start and begin accepting load.
The ac input power to the inverter and/or the bypass transformer will be automatically
restored.

The non-Class 1E UPS systems are rated for 120Vac, 1 phase, 60kVA units.
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8.3.1.1.8 Electrical Equipment Layout

The locations of Class 1E equipment are selected to minimize vulnerability to physical
damage. Wherever practicable, electrical equipment is located away from mechanical
piping in order to minimize the damaging effects of pipe ruptures. The degree of
separation takes into account the potential hazards in a particular area. Separation is
achieved by locating equipment and circuits in separate rooms, maintaining distance, or
by use of barriers. The potential hazard of non safety-related equipment failure on
safety-related redundant equipment is considered in the choice of equipment location or
protection.

Class 1E switchgear and equipment located below the probable maximum flood level
are protected as described in Section 3.4.

The following are the general features of the electrical equipment layout:

Major Class 1E equipment locations are shown in Figure 8.3.1-4 and Table 8.3.1-9 and
described below:

o Class 1E switchgears, load centers and motor control centers of redundant trains
A, B, C and D are located in separate rooms in the R/B.

e Class 1E batteries and battery chargers of train A, B, C and D are located in
separate rooms in the R/B. Battery room ventilation considerations are
addressed in Subsection 9.4.5.

e 120V ac distribution panels, dc switchboards and panelboards for trains A, B, C
and D are located in separate rooms of R/B.

e C(Class 1E GTGs A, B, C and D, and their auxiliaries are located in separate
rooms of PS/B.

o Four separate and independent cable routes are provided for the four Class 1E
trains A, B, C and D. The load center A1 is considered part of train A and the
cables from the load center A1 are routed along with the train A cables. The load
center D1 is considered part of train D and the cables from the load center D1
are routed along with the train D cables.

e Piping containing fluids is excluded from the Class 1E electrical distribution
equipment rooms. Class 1E electrical distribution equipment rooms of different
trains are separated from each other by walls and by floor elevations with
concrete floors. Any electrical or physical failure in one room has no effect on the
redundant equipment in the other rooms.

The Class 1E equipment and the cable routing for each train is uniquely identified by the
equipment tag numbering system and the following color code:

o Train A: Red

o Train B : Green
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o Train C : Blue
o Train D : Yellow

o Each cable is color coded at a maximum interval of 5 feet along the length of the
cable.

e Each raceway is color coded at a maximum interval of 15 feet along the length of
the raceway.

o Safety-related cable trays of different trains are located in different fire areas
except in the MCR complex and in the containment vessel (C/V).

Major non-Class 1E equipment locations are shown in Table 8.3.1-9 and are described
below:

o UATs and RATs are located outdoors, physically separated from each other as
shown on Figure 8.2-1.

e Non-Class 1E 13.8kV and 6.9kV switchgears and 480V load centers N1, N2, N3,
N4, N5, N6, P1 and P2 are located separately in two T/B electrical rooms.

e Non-Class 1E MCCs P12, P22, N12, N22, N32 and N42 are located separately
in two T/B electrical rooms. Non-Class 1E MCCs P11, P21, N11, N21, N31 and
N41 are located in the auxiliary building (A/B).

¢ Non-Class 1E batteries N1 and N2 are located in A/B. Non-Class 1E batteries
N3 and N4 are located separately in two T/B electrical rooms.

e Non-Class 1E UPS units and 120V ac buses N11, N12, N21, N22, N31, N32,
N41, N42 and N5; battery chargers N1, N2 and N12, and 125V dc buses N1 and
N2 are located in the A/B.

¢ Non-Class 1E battery chargers N3, N4 and N34, 125V dc buses N3 and N4 are
located in T/B electrical room.

8.3.1.1.9 Design Criteria for Class 1E Equipment

Design criteria for the Class 1E equipment are discussed below.

Motor size

The nameplate horsepower rating of the motor is selected to equal or exceed the
maximum horsepower required by the driven load under normal running or runout
conditions.

Class 1E motors larger than 300kW (=400HP) are connected to the 6.9kV Class 1E

buses. Class 1E motors up to 300kW (=400HP) are connected to the 480V Class 1E
load center buses.
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Minimum motor accelerating voltage

All Class 1E motors required to be started when GTG is supplying the 6.9kV and 480V
Class 1E buses during LOOP condition are specified with accelerating capability to
accelerate to full speed at 80% of nameplate voltage for a 6.6kV motor, and at 75% of
nameplate voltage for a 460V motor. The voltage drop calculations show that the
minimum voltage at the motor terminals during starting is above 80% of nameplate rating
for a 6.6kV motor, and at 75% for a 460V motor. The electrical system is designed so
that the terminal voltage at each Class 1E motor will permit acceleration of that motor in
the required time.

Motor starting torque

The motor starting torque is adequate for starting and accelerating the connected load to
normal speed within sufficient time to perform its safety function for all expected
operating conditions, including design minimum bus voltages stated in Table 8.3.1-2. In
accordance with the loading sequence established in Figure 8.3.1-2, motor acceleration
time is specified to achieve motor rated speed in less than five seconds.

Minimum torque margin over pump torque through the accelerating period is such that
the pump motor assembly reaches nominal speed within sufficient time to perform its
safety function at the design minimum terminal voltage.

Motor insulation

Insulation systems are selected based on the particular ambient conditions to which the
insulation is exposed. For Class 1E motors located within the containment, the
insulation system is selected to withstand the postulated accident environment.

Temperature devices provided in large horsepower motors

Each motor in excess of 1075kW (=1500HP) is provided with six resistance temperature
detectors (RTD) embedded in the motor slots, two per phase. During normal operations,
the RTD at the hottest location (selected by test) monitors the insulation temperature
and provides a motor high temperature alarm in the MCR. Motors on the 6.9kV system
are provided with a thermocouple to provide a bearing high temperature alarm in the
MCR.

Interrupting capacities

The interrupting capacities of the protective equipment are determined as follows:

Interrupting capacities of switchgear, load centers, MCCs and distribution panels are
selected to be greater than the maximum calculated short circuit current at the point of
application. The magnitude of the short circuit currents is calculated based on
applicable ANSI and IEEE standards. Short circuit contributions from the offsite power
system, single GTG operating in parallel and running motor contributions are considered
simultaneously in determining the short circuit current at any location. Transformer
impedances are selected to limit the short circuit currents within the interrupting and
momentary capabilities of the breakers while at the same time permitting starting of the
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biggest motor on the bus without exceeding the voltage variations at the motor terminals
shown in Table 8.3.1-2.

Electric circuit protection

Electric circuit protection is provided to prevent damage to the equipment, maintain
operational continuity, and reduce the safety hazard to the plant personnel. Electric
circuit protections are described in Subsection 8.3.1.1.2.5.

Class 1E cables

Safety-related cables are qualified for the design life of the plant as described in the
latest IEEE Std 323 (Reference 8.3.1-6) and IEEE Std 383 (Reference 8.3.1-14)
standards.

Cable and raceway separation criteria

Cables of different voltage levels are installed in separate raceways. The voltage level
division are as follows:

Medium voltage power (6.9 kV)
Low voltage power (e.g., 480 V)
Control (e.g., 120V/125V)
Instrumentation

Where trays are stacked, the order from top to bottom is as shown above.

Cables of each train are run in separate raceways and are physically separated from
cables of the other trains. Separation of different trains is in accordance with IEEE Std
384 (Reference 8.3.1-1), as endorsed by RG 1.75 (Reference 8.3.1-2). Raceways for
non-Class 1E are separated from each Class 1E, train A, B, C and D. Raceways for non-
Class 1E are routed in the same areas as raceways of Class 1E while maintaining
separation in accordance with IEEE Std 384 (Reference 8.3.1-1), as endorsed by RG
1.75 (Reference 8.3.1-2).

8.3.1.1.10 Heat Tracing
The chemical and volume control system and primary liquid and gaseous sampling
system are provided with heat tracing systems. A heat tracing system provides non-

Class 1E electrical heating where required temperature needs to be maintained.

The heat tracing system is powered from a permanent bus which is backed by the AAC
GTG.

8.3.1.1.11 Grounding and Lightning Protection System
The grounding and lightning protection system consists of the following:

e  Station ground grid
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System neutral grounding
Equipment grounding

I&C grounding

Lightning protection

The design of the grounding system follows the procedures and recommended practices
stated in IEEE Std 665 (Reference 8.2-8).

The design of the lightning protection is in accordance with NFPA-780 (Reference 8.3.1-
15). The lightning protection system is designed in accordance with the IEEE Std 665,
666, 1050 and C62.23 (Reference 8.2-8, 9, 10 and 11) , as endorsed by RG
1.204(Reference 8.3.1-16).

The station ground grid consists of buried, interconnected bare copper conductors and
ground rods forming a plant ground grid matrix. The system maintains a uniform ground
potential and limits the step-and-touch potentials to safe values under all fault conditions.

The system neutral grounding provides grounding of the neutral points of the MG, MT,
UATs, RATs, SSTs, Class 1E GTGs and AAC GTGs. The neutrals of the MG, Class 1E
GTGs and AAC GTGs are grounded through grounding transformers providing high-
resistance grounding. The MT and SST low voltage neutrals are grounded solidly. The
UAT and RAT low voltage winding neutrals will be resistance grounded.

The equipment grounding provides bonding of the equipment enclosures, raceways,
metal structures, metallic tanks and ground bus of switchgear, load centers, MCCs,
switchboards, panelboards and control cabinets to the station ground grid.

The 1&C grounding provides isolated signal ground required by plant I&C systems. A
separate radial grounding system consisting of isolated instrumentation ground buses
and insulated cables is provided. The radial grounding systems are connected to the
station ground grid at one point only and are insulated from all other grounding circuits.

Lightning protection for the plant is accomplished by providing a low-impedance path by
which the lightning stroke discharge can enter the earth directly. The lightning protection
system consists of air terminals, interconnecting cables, and downcomers to ground.
The system is connected directly to the station ground to facilitate dissipation of the large
current of a lightning stroke. The lightning arresters are connected directly to ground in
order to provide a low-impedance path to ground for the surges caused or induced by
lightning. Surge arrestors are provided to protect the MT, UATs, RATS, isolated phase
busduct and the MV switchgear from lightning surges. Thus, fire or damage to the plant
from a lightning strike is avoided.

The design of the ground grid and the lightning protection system is site-specific.
Therefore, the design of both systems is the responsibility of the COL applicant.

8.3.1.1.12 Electrical Equipment Subject to Submergence Due to Containment
Flooding

Electrical equipment located in the C/V that would be subject to submergence under a
LOCA condition includes miscellaneous non safety-related and safety-related equipment.

Tier 2 8.3-30 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

Equipment faults due to submergence would not cause damage to C/V electrical
penetrations because the associated power circuits are either disconnected, are
protected by redundant overcurrent protective devices, or have fault currents at the
penetration below the penetration damage level.

The non safety-related devices are not designed for operation under water; however,
there would be no effect on the safety-related power systems, since this equipment is
powered from non safety-related buses.

8.3.1.1.13 Containment Vessel Electrical Penetrations
The electrical penetrations into the C/V comply with IEEE Std 317 (Reference 8.3.1-17).
Grouping of circuits in the C/V penetration is the same as raceway voltage groupings.

Modules for MV power (e.g., 6.9 kV) are in MV power penetrations; modules for low
voltage power (e.g., 480 V) are in low voltage power penetrations; modules for control
power (e.g., 120/125V) are in control power penetrations and modules for
instrumentation signals are in instrumentation penetrations.

Electric penetrations of different Class 1E trains are separated by 3 hour rated fire
barriers, separate rooms and/or locations on separate floor levels in R/B. Separation by
distance without barriers is allowed only inside the C/V. Separation between the
electrical penetrations of Class 1E trains and the electrical penetrations of non-Class 1E
trains complies with IEEE Std 384 (Reference 8.3.1-1), as endorsed by RG 1.75
(Reference 8.3.1-2).

The penetrations are protected in accordance with IEEE Std 741 (Reference 8.3.1-7).
8.3.1.2 Analysis

The US-APWR Class 1E ac power systems conform to the requirements of NRC
regulations and GDC identified in Table 8.1-1 in Section 8.1. The system design,
installation and operation conform to the guidance of RGs and BTPs identified in Table
8.1-1 in Section 8.1. Specifically, the safety Class 1E ac power systems and its
components conform to the requirements of GDCs 2, 4, 5, 17, 18, 33, 34, 35, 38, 41, 44
and 50 of Appendix A to 10 CFR 50; and the system design, installation, testing and
operation are in accordance with regulatory guidance provided in RG 1.6, RG 1.9, RG
1.32, RG 1.47, RG 1.53, RG 1.63, RG 1.75, RG 1.81, RG 1.106, RG 1.118, RG 1.153,
RG 1.155, RG 1.160, RG 1.182 and RG 1.204.

8.3.1.2.1 Compliance with General Design Criteria

« Criterion 2 — Design bases for protection against natural phenomena

All equipment and components of the safety-related Class 1E ac power systems
are located in seismic category | building and their mounting and installations
are seismically designed. The Class 1E ac power systems are designed to
withstand the effects of natural phenomena such as design basis earthquake,
tornado, hurricane, flood, tsunami, or seiche without losing the capability to
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perform their intended safety functions. Compliance to GDC 2 for all safety-
related structures, systems, and components is generically addressed in
Section 3.1.

o Criterion 4 — Environmental and dynamic effect design bases

All equipment and components of the safety-related Class 1E ac power systems
are designed to withstand the effects of, and be compatible with, the
environmental conditions associated with normal operation, maintenance,
testing and postulated accidents; and are appropriately protected against
dynamic effects that may result from equipment failures, including missiles. The
safety-related ac power systems are designed to perform their intended safety
functions during normal, abnormal, accident and post-accident conditions. The
safety-related ac power systems are comprised of four independent trains that
are electrically isolated and physically separated. The major electrical
distribution equipment of each train are located in separate electrical rooms with
redundant train safety-related HVAC system. There are no high or moderate
energy lines or missile generating rotating equipment in the safety-related
electrical equipment rooms. All equipment and components of the safety-
related ac power systems are qualified for Class 1E application in accordance
with IEEE Std 323 (Reference 8.3.1-6) and all applicable IEEE equipment
qualification standards. Compliance to GDC 4 for all safety-related SSCs is
generically addressed in Section 3.1.

e Criterion 5 — Sharing of structures, systems and components

US-APWR is a one unit plant with no common safety-related electric power
system and therefore, this GDC is not applicable to US-APWR.

o Criterion 17 — Electric power systems

The safety-related ac power systems are comprised of four independent and
redundant systems, each with its own Class 1E GTG, 6.9kV switchgear, 480V
load center, motor control center, UPS and associated power distribution
equipment. Any two of the four trains are required to be operable to mitigate
any abnormal or PA conditions. Hence, the system is capable to perform its
safety functions assuming a single failure and one train being out of service for
maintenance. This designed provision of redundancy and independence is
more conservative than what is required by GDC 17. The Class 1E GTG and
the ac power system distribution equipment and components including all
cables and circuits have sufficient capacity and capability to perform their
associated safety functions during all normal and emergency modes of plant
operation including DBEs. The safety-related ac power system conforms to
NRC guidance provided in RGs 1.6, 1.9, 1.32, 1.53, 1.75, 1.153 and 1.155
(Reference 8.3.1-18, 8.1-2, 8.3.1-19, 20, 2, 5 and 21), and NUREG/CR-0660
(Reference 8.3.1-22). Compliance to GDC 17 is also generically addressed in
Section 3.1.

« Criterion 18 — Inspection and testing of electric power systems

The safety-related ac power system has been designed to permit periodic
inspection and testing of key areas and features in order to assess system
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continuity and availability, and verify the condition of system components. The
ac power systems are designed to provide the capability to perform integral
periodic testing of Class 1E systems. The system design conforms to NRC
guidance provided in RGs 1.9, 1.32, 1.47, 1.118, 1.153 (Reference 8.1-2, 8.3.1-
19, 23, 24 and 5) and BTP 8-5 (Reference 8.3.1-25). Compliance to GDC 18 is
also generically addressed in Section 3.1.

Criteria 33, 34, 35, 38, 41 and 44:

These GDC set requirements for certain safety systems for which access to
both onsite and offsite power sources must be provided. The indicated safety
systems have sufficient redundancy such that the system’s safety function can
be achieved assuming a single failure. In general, all plant safety systems have
four redundant trains, with four different load groups. The four trains of safety
load groups and associated instrumentation and control devices are distributed
to four different safety-related power distribution systems that have access to
both offsite and onsite power sources. The safety system functions can be
achieved by operation of any two of the four safety trains, assuming one train
inoperable due to a single failure and one train out of service for maintenance.
The safety-related ac power systems conform to the requirements of these
GDC by complying with the minimum requirements of GDC 17. Compliance to
these GDC is generically addressed in Section 3.1.

Criterion 50 — Containment design basis

No equipment or component of the safety ac power systems is located inside
the containment vessel. The cables of the ac circuits that feed ac loads inside
the containment vessel go through electric penetration assemblies. The design,
construction, testing, qualification and installation of electric penetration
assemblies used for Class 1E and non-Class 1E ac circuits conform to the
requirements of IEEE Std 317 (Reference 8.3.1-17). The electrical penetration
assemblies are qualified in accordance with and IEEE Std 323 (Reference
8.3.1-6) and IEEE Std 317 (Reference 8.3.1-17) for the worst temperature and
pressure condition resulting from any LOCA without exceeding the design
leakage rate. The protection system design of the electric penetration
assemblies conforms to the applicable criteria of IEEE Std 741 (Reference
8.3.1-7) and RG 1.63 (Reference 8.3.1-26). All electrical penetrations are
protected with both primary and back up protection.

8.3.1.2.2 Conformance with Regulatory Guidance

RG 1.6, “Independence Between Redundant Standby (Onsite) Power Sources
and Between Their Distribution Systems”

Conformance to this regulatory guide for regulatory positions identified in
Standard Review Plan (SRP) (Reference 8.3.1-27) Subsection 8.3.1 is
described below:

Regulatory position D.1 — The electrically powered ac safety loads are
separated into four different redundant load groups, powered by four
redundant trains of the safety-related ac power system. Since any two of the
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four redundant trains are required for minimum safety functions, the ac power
system design conforms to the single failure criterion while one redundant
train is out of service.

Regulatory position D.2 — Each Class 1E ac load group has two connections
to the preferred offsite power sources and to an onsite standby power source.
The onsite standby power source of one load group has no automatic
connection to any other redundant load group.

Regulatory Position D.4 — The redundant onsite ac power sources and their
distribution systems are completely independent. The equipment,
components and circuits of each safety train and non safety load groups are
electrically isolated and physically separated from each other. There is no
provision for automatic parallel operation of offsite and onsite power sources.
No provisions exist for automatically connecting one load group to another
load group. No provisions exist for automatically transferring loads between
redundant power sources.

Regulatory position D.5 — One Class 1E GTG is used as the standby power
source for each Class 1E ac load group. The generator size and ratings are
comparable to generators used in other United States (US) nuclear plants.
Each generator is driven by one prime mover which is a GTG. Use of a GTG
is not typical in US nuclear power plants. Suitability of GTG application in the
onsite Class 1E standby power source is addressed in a separate report.

RG 1.9, “Application and Testing of Safety-Related Diesel Generators in Nuclear
Power Plants”

This RG endorses IEEE Std 387 (Reference 8.1-1) with some exceptions that
pertain to the design, qualification, and periodic testing of diesel generators.
The emergency power supply system for the US-APWR is GTG, not a diesel
generator set. However, the GTG will be qualified in accordance with IEEE Std
387 (Reference 8.1-1). The GTG is designed to comply with requirements
specified by RG 1.9 (Reference 8.1-2).

RG 1.32, “Criteria for Power Systems for Nuclear Power Plants”

This regulatory guide endorses IEEE Std 308 (Reference 8.2-4) with an
exception that pertains to sharing of ac power systems at multi-unit nuclear
power plants. The US-APWR ac power system design, operation and testing
fully conform to the requirements of IEEE Std 308 (Reference 8.2-4). The
exception cited in this regulatory guide is not applicable to US-APWR since it is
a single unit plant.

RG 1.47, “Bypassed and Inoperable Status Indication for Nuclear Power Plant
Safety Systems”

This regulatory guide requires indication of the bypass or inoperable status of
safety-related functions. US-APWR design is in accordance with this
requirement.

Tier 2

8.3-34 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

RG 1.53, “Application of the Single-Failure Criterion to Safety Systems”

This regulatory guide endorses IEEE Std 379 (Reference 8.3.1-28). This IEEE
Standard provides guidance in the application of the single-failure criterion and
presents an acceptable method of single-failure analysis. The Class 1E ac
power system is comprised of four trains of completely independent systems,
each with its own Class 1E GTG and power distribution equipment. The
components and equipment of each train are electrically isolated and located
in separate rooms in a seismic category | building with minimum 3 hour rated
fire barrier between rooms. The HVAC systems that support operation of the
Class 1E ac power system are powered from the redundant train Class 1E ac
power system. Hence, any postulated design-basis event may render no more
than one train of the Class 1E ac power system inoperable. Any two of the four
trains are required to be operational to provide minimum safety function under
any postulated design event. Hence, the Class 1E ac power system complies
with the single-failure criterion, even when one train is out of service. As
indicated in Subsection 6.1.4 of IEEE Std 379 (Reference 8.3.1-28), it is not
necessary to consider the effect of failure of any component or equipment
within a train for the purpose of satisfying the single-failure criterion.

RG 1.63, “Electric Penetration Assemblies in Containment Structures for Nuclear
Plants”

This regulatory guide endorses |IEEE Std 317 (Reference 8.3.1-17).
Compliance to IEEE Std 317 (Reference 8.3.1-17) is discussed in Subsection
8.3.1.2.1, in the discussion of compliance to GDC 50 (Reference 8.1-3).

RG 1.75, “Criteria for Independence of Electrical Safety Systems”

This regulatory guide endorses IEEE Std 384 (Reference 8.3.1-1) with some
exceptions and clarifications indicated in regulatory positions C (1) through C
(5). The electrical isolation and physical separation of all Class 1E equipment
and circuits between redundant trains, and between each train and non-Class
1E equipment and circuits, is in full compliance with the IEEE Std 384
(Reference 8.3.1-1) as endorsed by RG 1.75 (Reference 8.3.1-2). The Class
1E 6.9 kV switchgear, 480V Load Centers, 480V MCCs, MOV inverters, 480V
MOV MCCs of each redundant trains are located in separate electrical rooms
in the R/B. All Class 1E UPS units and other electrical distribution equipment
of redundant 1&C power systems are also located in separate rooms in the R/B.

The Class 1E equipment and circuits that are designated as A1 or associated
with A1 buses, are considered part of train A. During normal plant operations,
the A1 buses are powered from A train power sources and the Class 1E power
systems have four independent trains. Since only two trains are sufficient to
mitigate DBE condition, the Class 1E power systems meet the single failure
criterion with one train out of service for maintenance. During maintenance of
A-Class 1E GTG, the A1 buses are powered from train B sources. During
maintenance of B-Class 1E GTG, the A1 buses are powered from train A
power sources. During this maintenance period of A or B train GTGs, for
analysis purposes, the A and B trains are considered as one train, completely
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independent from trains C and D. Availability of any two of these three trains is
sufficient to mitigate any DBE.

Similarly, the Class 1E equipment and circuits that are designated as D1 or
associated with D1 buses, are considered part of train D. During normal plant
operation, the D1 buses are powered from D train power sources and the Class
1E power systems have four independent trains. Since only two trains are
sufficient to mitigate DBE condition, the Class 1E power systems meet the
single failure criterion with one train out of service for maintenance. During
maintenance of D-Class 1E GTG, the D1 buses are powered from train C
sources. During maintenance of C-Class 1E GTG, the D1 buses are powered
from train D power sources. During this maintenance period of D or C train
GTGs, for analysis purposes, the D and C trains are considered as one train,
completely independent from trains A and B. Availability of any two of these
three trains is sufficient to mitigate any DBE.

Only one GTG is permitted to be out of service for maintenance during all
modes of plant operation, except the refueling mode. When all four trains are
available, operability of least one train of trains A or D, in conjunction with one
of the three remaining trains, is required to mitigate a DBE condition.

« RG 1.81, “Shared Emergency and Shutdown Electric Systems for Multi-Unit
Nuclear Power Plants”

The US-APWR is a single unit plant, therefore this regulatory guide is not
applicable to US-APWR.

« RG 1.106, “Thermal Overload Protection for Electric Motors on Motor-Operated
Valves”

This RG requires ensuring that safety-related MOVs whose motors are
equipped with thermal overload protection devices integral with the motor
starter will perform their function. Design of the MOVs overload protection
devices is in accordance with this requirements.

« RG 1.118, “Periodic Testing of Electric Power and Protection Systems”

This regulatory guide endorses IEEE Std 338 (Reference 8.3.1-29) with some
exceptions and clarifications indicated in regulatory positions C (1) through C
(3). The IEEE Std 338 (Reference 8.3.1-29) provides design and operational
criteria for the performance of periodic testing as part of the surveillance
program of nuclear plant safety systems. The IEEE Std 338 (Reference 8.3.1-
29) was reissued in 2006 and the surveillance program for the Class 1E ac
power system conforms to the criteria provided in the 2006 version of the IEEE
standard. The regulatory positions cited in RG 1.118 (Reference 8.3.1-24) are
of a clarifying nature and the intent of these regulatory positions is considered
in developing the periodic testing program for the Class 1E ac power system.

e« RG 1.153, “Criteria for Safety Systems”

This regulatory guide endorses IEEE Std 603 (Reference 8.3.1-4) with some
clarifications regarding applicability and use of industry standards referenced in
Section 3 of IEEE Std 603 (Reference 8.3.1-4). |EEE Std 603 (Reference
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8.3.1-4) provides minimum functional and design requirements for the power,
instrumentation, and control portions of safety systems for nuclear power
generating stations. The IEEE Std 603 (Reference 8.3.1-4) was reissued in
1998 and this later version of the standard is used to establish the minimum
functional and design requirements for the safety dc power system. The
regulatory positions cited in RG 1.153 (Reference 8.3.1-5) are of clarifying
nature and the intent of these regulatory positions is considered in establishing
the minimum functional and design requirements for the safety-related ac
power system.

RG 1.155, “Station Blackout”

This regulatory guide provides guidance for complying with 10 CFR 50.63
(Reference 8.2-5). The plant has two AAC power sources of which only one is
required to be operational to cope with an SBO event. The AAC power source
design, operation, testing, maintenance and associated quality assurance
requirements conform to the guidance provided in RG 1.155. Power to all
electrical loads that are required to be operational, is restored within one hour
from the onset of an SBO event. AAC source power to only one Class 1E
6.9kV bus is required to cope with an SBO event. Non-Class 1E equipment
and circuits that are associated with the AAC power sources are completely
independent from the onsite Class 1E standby power sources and the offsite
power sources. The Class 1E GTGs are never operated in parallel with the
AAC GTGs. The AAC GTGs are not operated in parallel with offsite power
sources except during testing of AAC GTGs. The AAC GTGs are of different
size and have different starting system from the Class 1E GTGs.

RG 1.160, “Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants”

This regulatory guide endorses revision 2 of NUMARC 93-01 (Reference 8.2-6)
with some provisions and clarifications for complying with 10 CFR 50.65
(Reference 8.2-7). Conformance to this regulatory guide is generically
addressed in Section 1.9.

RG 1.182, “Assessing and Managing Risk Before Maintenance Activities at
Nuclear Power Plants”

This regulatory guide endorses Section 11 of NUMARC 93-01 (Reference 8.2-
6) dated February 11, 2000 with some provisions and clarifications for
complying with 10 CFR 50.65(a)(4) (Reference 8.2-7). Conformance to this
regulatory guide is generically addressed in Section 1.9.

RG 1.204, “Guidelines for Lightning Protection of Nuclear Power Plants”

This RG endorses four IEEE Standards, IEEE Std 665 (Reference 8.2-8), IEEE
Std 666 (Reference 8.2-9), IEEE Std 1050 (Reference 8.2-10) and IEEE Std
C62.23 (Reference 8.2-11), in their entirety with one exception to IEEE Std 665
(Reference 8.2-8), Subsection 5.7.4, which misquotes Subsection 4.2.4 of
IEEE Std 142 (Reference 8.2-12). The US-APWR onsite power supply design
fully confirms to the requirements of the endorsed IEEE standards that pertain
to the lightning protection of nuclear power plants.
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8.3.2 DC Power System
8.3.21 System Description

The onsite dc power system provides a reliable source of continuous power for controls,
instrumentation, and dc motors. The onsite dc power system is comprised of
independent Class 1E and non-Class 1E dc power systems. The Class 1E dc power
system is comprised of four independent systems, one for each safety train. The non-
Class 1E dc power system is also comprised of four separate dc power systems. Each
Class 1E and non-Class 1E dc power system is provided with its own battery, battery
charger and power distribution equipment.

The Class 1E dc power system provides reliable continuous power to the plant safety
systems dc loads and the Class 1E 1&C power supply system. In addition, it provides
power to the emergency lighting systems for the vital areas. The non-Class 1E dc power
system provides reliable continuous dc power to the plant non safety system dc loads
and to the non-Class 1E I&C power supply system. Operation of the non-Class 1E dc
power system is not required for coping with design-basis events. The safety-related dc
loads powered by the Class 1E dc power system are listed in Table 8.3.2-1.

8.3.2.1.1 Class 1E DC Power System

The Class 1E dc power system consists of four independent power supply systems,
identified as A, B, C and D trains. The system configuration is depicted in Figure 8.3.2-1.
Each system consists of a main distribution switchboard fed from a battery and a battery
charger. During normal operation, the dc system is powered by the battery charger and
the battery is in float charge condition. Each battery charger is fed from a Class 1E
480V MCC of the same train. During all normal and emergency plant operating and
shutdown conditions, the battery chargers are continuously powered from the 480V
Class 1E MCCs, which are continuously powered from either offsite or onsite emergency
power sources. In case of a LOOP, or a LOOP and coincident LOCA, the ac power
supply to the battery chargers is restored within 100 seconds, the maximum time
required for the onsite Class 1E GTG to be started. For conservatism, the batteries are
sized to carry the worst-case dc load profile for a duration of two hours, assuming loss of
a battery charger. The loading conditions of a LOOP and a LOOP concurrent with a
LOCA have been considered to determine the worst-case load profile for the battery. In
addition, the adequacy of the battery for SBO loading conditions for a duration of one
hour is verified. The battery chargers are sized to carry the normal dc system load and
simultaneously recharge a design basis discharged battery to 95% of full rated capacity
within 24 hours. The dc system is ungrounded with a nominal system voltage 125V.
The maximum and minimum voltages at the battery terminals are 140V and 108V
respectively.

There are four Class 1E safety battery chargers: one for each train, connected to the
Class 1E 125V dc switchboard bus. In addition, there are two installed non-Class 1E
spare battery chargers, one spare battery charger AB for trains A and B, and other spare
battery charger CD for trains C and D. The spare battery charger AB can be used to
temporarily replace any one of the Class 1E battery chargers A or B. Similarly, the
spare battery charger CD can be used to temporarily replace any one of the Class 1E
battery chargers C or D. The spare battery charger AB is powered from any one of the
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two 480 V MCC permanent buses P11 or P22. Similarly, the spare battery charger CD
is powered from any one of the two 480 V MCC permanent buses P21 or P12. During a
LOOP, the non-Class 1E MCC permanent buses are powered from AAC sources. Each
spare battery charger has two mechanically interlocked input circuit breakers and two
mechanically interlocked output circuit breakers. Two non-Class 1E circuits from each
spare charger are routed to the two trains of the Class 1E 125V dc switchboards. At
each train of the Class 1E 125V dc switchboard, there are two mechanically interlocked
input circuit breakers. Normal input to the Class 1E 125V dc switchboard is from the
Class 1E battery charger, and other alternate input is from the non-Class 1E spare
battery charger. These mechanical interlock features preclude parallel operation of
normal and spare charger, spare battery charger feeding two switchboards and two
MCCs feeding one battery charger. The spare battery chargers have the same capacity
as of the Class 1E battery chargers.

The Class 1E dc power systems are designed as safety-related equipment in
accordance with IEEE Std 308 (Reference 8.2-4) and IEEE Std 946 (Reference 8.3.2-1).
The system design and all equipment and circuits are in compliance with applicable
GDC, IEEE standards, and regulatory guides listed in Subsection 8.1.5.3. The scope of
compliance includes physical separation, electrical isolation, equipment environmental
qualification, effects of single failure, capacity of battery and battery charger,
instrumentation and protective devices, and surveillance test requirements. The Class
1E batteries are sized in accordance with IEEE Std 485 (Reference 8.3.2-2) and their
installation conforms to the guidance of IEEE Std 484 (Reference 8.3.2-3). The initial
and routine testing of the batteries will be performed following manufacturer’s
recommendations and IEEE Std 450 (Reference 8.3.2-4). The Class 1E dc system is
designed so that no single failure in any train of the 125V dc system while a separate
train has been taken out of service for maintenance or repair, results in conditions that
prevent safe shutdown of the plant. Nominal ratings of major Class 1E dc equipment are
shown in Table 8.3.2-3.

Class 1E dc power system is provided with the following alarms and available displays in
the MCR:

e switchboard bus voltage and battery current displays

e dc system ground fault alarm

e battery charger output voltage low alarm

e Dbattery charger ac input failure alarm

e battery charger dc output failure alarm

e battery circuit breaker/disconnect switch open alarm

e battery charger circuit breaker open alarm

o battery test circuit breaker closed alarm

e battery charger common failure/trouble alarm.
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The equipment and circuit layout of the dc system provide physical separation of the
equipment, cabling, and instrumentation essential to plant safety. The batteries are
located in temperature-controlled ventilated rooms, separated from each other and away
from the battery chargers and power distribution equipment. All components of the
system are located in seismic category | structures.

Class 1E Batteries

The 125V dc Class 1E batteries have sufficient stored capacity, without reliance on the
associated battery charger, to independently supply power to the safety-related loads
continuously for two hours. The batteries are sized in accordance with the method
recommended in IEEE Std 485 (Reference 8.3.2-2). The worst-case duty cycle is based
on loading requirements subsequent to a LOOP and a LOOP concurrent with a LOCA.
In addition, the adequacy of the battery for SBO loading condition for a duration of one
hour is verified. The design bases for the battery sizing are 65°F ambient temperature,
25% aging factor, 1.8V per cell end voltage and10% design margin. The allowable
minimum and maximum battery terminal voltages are 108V (1.8 V per cell) and 140V
(2.33V per cell), respectively. The maximum equalizing charge voltage is limited to 140
V dc, as recommended by industry standards for lead-acid batteries. The I&C power
supply system inverters are designed to supply 120V ac power with dc input less than
140V and more than 108V.

The batteries are installed in accordance with IEEE Std 484 (Reference 8.3.2-3) and are
qualified per IEEE Std 535 (Reference 8.3.2-5). Each battery train is located in a
separate battery room in the R/B. The battery rooms are ventilated to the outside to
preclude hydrogen concentration of more than 2%. A safety-related ventilation system is
not directly required when the batteries perform their safety-related functions. Safety-
related heating system is provided to maintain the battery room temperature at no less
than 65°F. The battery banks are designed to permit inspection and replacement of
individual cells.

Class 1E Battery Chargers

There are four Class 1E safety battery chargers: one for each train, connected to the
Class 1E 125V dc switchboard bus. In addition, there are two installed non-Class 1E
spare battery chargers, one spare battery charger AB for trains A and B, and an other
spare battery charger CD for trains C and D. The spare battery charger AB can be used
to temporarily replace any one of the Class 1E battery chargers A or B. Similarly, the
spare battery charger CD can be used to temporarily replace any one of the Class 1E
battery chargers C or D. The non-Class 1E spare battery charger is placed in service to
temporarily replace any one of the four inoperable Class 1E chargers. The Class 1E
battery charger of each train is located in a separate room, identified as “Class 1E
Battery Charger and UPS room” located in the R/B, adjacent to battery room of same
train. The spare battery chargers AB and CD are located in the A and D train Class 1E
Battery Charger and UPS rooms, respectively. The battery chargers are full wave,
silicon-controlled rectifiers, housed in a NEMA 1 ventilated freestanding enclosure. The
battery chargers operate from 480V ac 3 phase 60Hz power supply, and are capable of
float charging the batteries with provision for manual equalization of the batteries.
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Each battery charger has the capacity to recharge its battery from the design minimum
charge to a 95% charged condition within 24 hours and simultaneously supply the
normal dc loads of the associated 125V dc switchboard bus. Each battery charger has
an input ac and an output dc circuit breaker for the purpose of power source isolation
and required protection. The battery chargers are constant voltage type, with adjustable
output voltage and are capable of operating as a battery eliminator. The output float and
equalizing voltages are adjustable. The battery eliminator feature enables the dc system
to operate satisfactorily in case of inadvertent disconnection of the battery. The battery
charger output voltage variation is limited to +1% with or without battery connected. The
battery charger output is ungrounded and filtered, the maximum output ripple for the
battery charger is limited to 30mV root-mean-square with the battery and less than +2%
root-mean-square without the battery.

The battery charger output is of the current limiting type, adjustable between 110 to
125% of its rating, in order to hold down the output current in the event of a short circuit
or overload on the dc side. The battery chargers have built in blocking diodes to prevent
the battery charger or the ac system to become a load on the battery. Each battery
charger is provided with a local dc output ammeter and voltmeter. Each battery charger
is provided with a ‘high dc voltage shutdown relay’ that opens main ac supply breaker to
the charger and provides local alarm. Local alarms are provided for ‘battery charger
high dc voltage’, ‘battery charger low dc voltage’, ‘battery charger output breaker open’,
‘failure of battery charger ac input’ and ‘failure of battery charger dc output’. These local
alarms are combined to generate ‘battery charger trouble alarm’ for indication in the
MCR.

Class 1E DC Distribution System Equipment

Each train of the dc power system has a main distribution switchboard, located in
separate Class 1E Battery Charger and UPS room of the R/B adjacent to their
associated battery rooms of the same train. Each switchboard is connected to its
associated battery and battery charger of same train, as depicted in Figure 8.3.2-1. The
Class 1E switchboards employ molded case circuit breakers and/or fusible disconnect
switches as input and output circuit protection devices. All input and output circuit
protection devices have adequate short circuit and continuous current ratings. The main
bus bars are rated to carry the load currents of battery duty cycles as indicated in Tables
8.3.2-1. The main bus bars are also insulated and braced to withstand the mechanical
forces resulting from a worst-case short circuit current. The battery positive and
negative leads are routed in separate non magnetic conduits. The switchboard bus is
provided with instrumentation to indicate, locally and in the MCR, the bus voltage and
battery charge/discharge current. The switchboard bus also has ground detection
voltmeter and local and remote alarm in MCR for system ground fault. Breaker open
alarm is provided in the MCR for the input breakers from the battery and battery charger.
Alarms are provided in the MCR for bus undervoltage and for battery test circuit breaker
closed condition. The major dc loads are fed directly from the dc switchboard, and
smaller dc loads are fed from dc panelboards connected to the dc switchboard. The
main circuit protection device located in the switchboards has selective coordination with
all downstream protective devices.
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8.3.2.1.2 Non-Class 1E DC Power System

The non-Class 1E dc power system consists of four separate power supply systems,
identified as N1, N2, N3 and N4. The non-Class 1E dc power system configurations are
depicted in Figure 8.3.2-2. Each system consists of a main distribution switchboard, fed
from a battery and a battery charger. In addition, there are two spare battery chargers;
the N12 battery charger is for buses N1 and N2, and the N34 battery charger is for
buses N3 and N4. During normal operation of the dc power system, the battery is in
float charge condition and the system is powered by the battery charger connected to
the permanent 480V ac system. The N1 and N3 battery chargers are fed from 480V
permanent MCCs P11 and P12, respectively. The P11 and P12 MCCs are normally fed
from RATS3, or from UAT3 when RAT3 is unavailable, or from the onsite gas-turbine
generator A-AAC power source during a LOOP. Similarly, the N2 and N4 battery
chargers are fed from 480V permanent MCCs P21 and P22, respectively. The P21 and
P22 MCCs are normally fed from RAT4, or from UAT4 when RAT4 is unavailable, or
from the onsite gas-turbine generator B-AAC power source during a LOOP.

The spare battery charger N12 is powered from 480V MCC bus N3, or from 480V
permanent MCC bus P12 via a manual transfer switch. The MCC bus N3 is normally fed
from UAT3, or RAT3 when UAT3 is unavailable. The permanent MCC bus P12 is
normally fed from UAT3, or RAT3 when UAT3 is unavailable, or from the onsite gas-
turbine generator A-AAC power source during a LOOP or an SBO condition. Similarly,
the spare battery charger N34 is powered from 480V MCC bus N4 or from 480V
permanent MCC bus P21 via a manual transfer switch. The MCC bus N4 is normally fed
from UAT4, or RAT4 when UAT4 is unavailable. The permanent MCC bus P21 is
normally fed from UAT4, or RAT4 when UAT4 is unavailable, or from the onsite gas-
turbine generator B-AAC power source during LOOP or SBO condition.

During all normal and emergency plant operating and shutdown conditions, the battery
chargers are continuously powered from the 480V permanent MCCs, which are
continuously powered from either offsite or onsite AAC power sources. In case of a
LOOP or SBO condition, the non-Class 1E battery chargers are available within one
hundred seconds, the maximum time required for the onsite AAC power sources to be
operable and provide power to the battery chargers. During this one hundred second
period, the battery provides power to the dc power system. For conservatism, the
batteries are sized to carry the worst case dc load profile for a duration of one hour,
assuming a failure of a battery charger and the spare charger unavailable. The loading
conditions following a LOOP and an SBO have been considered to determine the worst
case load profile for the battery. The battery chargers are sized to carry the normal dc
system load and simultaneously recharge a design basis discharged battery to 95% of
full rated capacity within 24 hours. The dc system is ungrounded with a nominal system
voltage 125V. The maximum and minimum voltages at the battery terminals are 140V
and 108V respectively.

The design of the non-Class 1E dc power systems conform to the recommended
guidance of IEEE Std 946 (Reference 8.3.2-1). The system design and all equipment
and circuits are in compliance with applicable |IEEE standards listed in Subsection
8.1.5.3. The non-Class 1E batteries are sized in accordance with IEEE Std 485
(Reference 8.3.2-2) and their installation conforms to the guidance of IEEE Std 484
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(Reference 8.3.2-3). The initial and routine testing of the batteries will be performed
following manufacturer’s recommendations and IEEE Std 450 (Reference 8.3.2-4). The
non-Class 1E dc system is not specifically designed to withstand a single active failure;
however, they are divided in four separate power supply systems corresponding to four
separate ac and dc load and power supply groups. Nominal ratings of major non-Class
1E equipment are shown in Table 8.3.2-3.

The batteries are located in ventilated rooms, away from associated battery chargers
and power distribution equipment. The equipment and components of the system are
located in the A/B and the T/B.

Non-Class 1E Batteries

The 125V dc non-Class 1E batteries have sufficient stored capacity without reliance on
the associated battery charger to independently supply power to the required non safety
loads continuously for one hour. The batteries are sized in accordance with the method
recommended in IEEE Std 485 (Reference 8.3.2-2). The worst case duty cycle are
based on loading requirements subsequent to LOOP and SBO conditions. The normal
and worst case loading requirements that are imposed on the non-Class 1E 125V dc
systems N1 through N4 are shown on Tables 8.3.2-2. The design bases for the battery
sizing are 65°F ambient temperature, 25% aging factor, 1.8V per cell end voltage and
10% design margin. The allowable minimum and maximum battery terminal voltages
are 108V (1.8 V per cell) and 140V (2.33V per cell), respectively. The maximum
equalizing charge voltage is limited to 140 V dc, as recommended by industry standards
for lead-acid batteries. The non-Class 1E 1&C power supply system inverters are
designed to supply 120V ac power with dc input less than 140V and more than 108V.

The installation of the non-Class 1E batteries conforms to the recommendations
provided in IEEE Std 484 (Reference 8.3.2-3). Each of the non-Class 1E batteries N1
through N4 is located in temperature controlled ventilated battery room in the A/B and
the T/B. The battery rooms are ventilated to the outside to preclude a hydrogen
concentration of more than 2%. Operability of the ventilation system is not essential for
the design basis functioning of the battery system. Non safety heating system is
provided to maintain the non-Class 1E battery room temperature no less than 65°F. The
battery banks are designed to permit inspection and replacement of individual cells.

Non-Class 1E Battery Chargers

There are four non-Class 1E battery chargers, one for each power supply group of the
non-Class 1E 125V dc power systems, identified as N1, N2, N3 and N4. In addition,
there are two permanently installed non-Class 1E battery chargers, identified as N12
and N34. The N1 and N2 battery chargers are backed-up by the N12 battery charger via
a manually-operated transfer switch. Similarly, the N3 and N4 battery chargers are
backed-up by the N34 battery charger via a manually-operated transfer switch. The
connections of the battery chargers to the main distribution switchboard buses are
configured via manual transfer switches to preclude any parallel operation of two battery
chargers. The non-Class 1E battery charger of each power supply group is located in
the A/B and the T/B. The spare battery chargers N12 and N34 are located in the A/B
and the T/B. The battery chargers are full wave, silicon-controlled rectifiers, housed in a
NEMA 1 ventilated freestanding enclosure. The battery chargers operate from 480 V ac
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3 phase 60Hz power supply, and are capable of float charging the batteries with
provision for manual equalization of the charging of the batteries.

Each battery charger has the capacity to recharge its battery from the design minimum
charge to a fully charged condition within 24 hours and simultaneously supply the normal
dc loads of the associated 125V dc switchboard bus. Each battery charger has an input
ac and an output dc circuit breaker for the purpose of power source isolation and
required protection. The battery chargers are of constant voltage type, with adjustable
output voltage and are capable of operating as battery eliminators. The output float and
equalizing voltages are adjustable. The battery eliminator feature enables the dc system
to operate satisfactorily in case of inadvertent disconnection of the battery. The battery
charger output voltage variation is limited to £1% with or without a battery connected.
The battery charger output is ungrounded and filtered. The maximum output ripple for
the battery charger is limited to 30mV root-mean-square with the battery, and less than
+2% root-mean-square without the battery.

The battery charger output is of the current limiting type, adjustable between 110 to
125% of its rating, in order to hold down the output current in the event of short circuit or
overload on the dc side. The battery chargers have built in blocking diodes to prevent
the battery charger or the ac system to become a load on the battery. Each battery
charger is provided with local dc output ammeter and voltmeter. Each battery charger is
provided with a ‘high dc voltage shutdown relay’ that opens the main ac supply breaker
to the charger and provides a local alarm. Local alarms are provided for ‘battery charger
high dc voltage’, ‘battery charger low dc voltage’, ‘battery charger output breaker open’,
‘failure of battery charger ac input’ and ‘failure of battery charger dc output’. These local
alarms are combined to generate a ‘battery charger trouble alarm’ for indication in the
MCR.

Non-Class 1E DC Distribution System Equipment

Each power supply group of the non-Class 1E dc power system has a main 125V dc
distribution switchboard, identified as N1, N2, N3 and N4. These switchboards are
located in the A/B and the T/B. Each switchboard is connected to an associated battery
and battery charger of same power supply group, as depicted in Figures 8.3.2-2. The
non-Class 1E switchboards employ molded case circuit breakers and/or fusible
disconnect switches as input and output circuit protection device. All input and output
circuit protection devices have adequate short circuit and continuous current ratings.
For conservatism, the main bus bars are rated to carry continuously the required worst
case load currents during the first minute of battery duty cycles, as indicated in Tables
8.3.2-2. The main bus bars are also braced to withstand the mechanical forces resulting
from a worst case short circuit current. The switchboard bus is provided with
instrumentation to indicate locally and in the MCR the bus voltage and battery
charge/discharge current. The switchboard bus also has a ground detection voltmeter
and local and remote alarms in the MCR for system ground fault. A breaker open alarm
is provided in the MCR for the input breakers from the battery and battery charger.
Alarms are provided in the MCR for bus undervoltage and for battery test circuit breaker
closed condition. The major dc loads are fed directly from the dc switchboard, and
smaller dc loads are fed from dc panelboards connected to the dc switchboard. The
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main circuit protection device located in the switchboards has selective coordination with
all downstream protective devices.

8.3.2.2 Analysis

The US-APWR Class 1E 125V dc power system conforms to the requirements of NRC
regulations and GDC identified in Table 8.1-1 in Section 8.1. The system design,
installation and operation conform to the guidance of RGs and BTPs identified in Table
8.1-1 in Section 8.1. Specifically, the Class 1E 125V dc power system and its
components conform to the requirements of GDC 2, 4, 5, 17, 18 and 50 of Appendix A to
10 CFR 50; and the system design, installation, testing and operation are in accordance
with regulatory guidance provided in RG 1.6, RG 1.32, RG 1.53, RG 1.63, RG 1.75, RG
1.81, RG 1.118, RG 1.128, RG 1.129, RG 1.153, RG 1.155, RG 1.160 and RG 1.182.

Since the DC systems are stand alone, which each train having its independent battery,
battery charger, etc. all switching are manual. As a result no logic diagrams are required.

8.3.2.2.1 Compliance with General Design Criteria

« Criterion 2 — Design bases for protection against natural phenomena

All equipment and components of the safety-related Class 1E 125V dc power
system are located in a seismic category | building and their mounting and
installations are seismically designed. The Class 1E 125V dc system is
designed to withstand the effects of natural phenomena such as design basis
earthquake, tornado, hurricane, flood, tsunami, or seiche without losing its
capability to perform their intended safety functions. Compliance to GDC 2 for
all safety-related SSCs is generically addressed in Section 3.1.

e Criterion 4 — Environmental and dynamic effect design bases

All equipment and components of the safety-related 125V dc power system are
designed to withstand the effects of, and be compatible with, the environmental
conditions associated with normal operation, maintenance, testing and
postulated accidents; and are appropriately protected against dynamic effects
that may result from equipment failures, including missiles. The safety-related
dc power system is designed to perform its intended safety functions during
normal, abnormal, accident and post-accident conditions. The safety-related
125V dc power system is comprised of four independent trains that are
electrically isolated and physically separated. The batteries of each train are
located in a separate Class 1E battery room with safety-related ventilation
system. The battery charger and the main distribution switchboard of each train
are located in the Class 1E battery charger and UPS room for the same train,
also provided with redundant train safety-related HVAC system. There are no
high or moderate energy lines or missile generating rotating equipment in the
battery rooms or Class 1E battery charger and UPS rooms. All equipment and
components of the safety-related dc system are qualified for Class 1E
application in accordance with IEEE Std 323 (Reference 8.3.1-6) and all
applicable IEEE equipment qualification standards. Compliance to GDC 4 for
all safety-related SSCs is generically addressed in Section 3.1.
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Criterion 5 — Sharing of structures, systems and components

US-APWR is a one unit plant with no shared safety systems and therefore, this
GDC is not applicable to US-APWR.

Criterion 17 — Electric power systems

The safety-related dc power system is comprised of four independent and
redundant systems, each with its own battery, battery charger and associated
power distribution equipment. Any two of the four trains are required to be
operable to mitigate any abnormal or design-basis accident conditions. Hence,
the system is capable of performing its safety functions assuming a single
failure and one train being out of service for maintenance. This designed
provision of redundancy and independence is more conservative than what is
required by GDC 17. The safety batteries and the dc power system distribution
equipment and components including all cables and circuits have sufficient
capacity and capability to perform their associated safety functions during all
normal and emergency modes of plant operation including DBEs. The safety-
related 125V dc power system conforms to NRC guidance provided in RGs 1.6,
1.32, 1.53, 1.75, 1.128 and 1.153 (Reference 8.3.1-18, 19, 20, 2, 8.3.2-6 and
8.3.1-5). Compliance to GDC 17 is also generically addressed in Section 3.1.

Criterion 18 — Inspection and testing of electric power systems

The safety-related dc power system has been designed to permit periodic
inspection and testing of key areas and features in order to assess system
continuity and availability, and verify the condition of system components. The
safety-related dc power system is designed to provide the capability to perform
integral periodic testing of the system. The system design conforms to the NRC
guidance provided in RGs 1.32, 1.47, 1.118, and 1.153 (Reference 8.3.1-19, 23,
24 and 5) and BTP 8-5 (Reference 8.3.1-25). Compliance to GDC 18 is also
generically addressed in Section 3.1.

Criteria 33, 34, 35, 38, 41 and 44:

These GDC set requirements for certain safety systems for which access to
both onsite and offsite power sources must be provided. The indicated safety
systems have sufficient redundancy such that the system’s safety function can
be achieved assuming a single failure. In general, all plant safety systems have
four redundant trains, with four different load groups. The four trains of safety
load groups and associated instrumentation and control devices are distributed
to four different safety-related power distribution systems that have access to
both offsite and onsite power sources. The safety system functions can be
achieved by operation of any two of the four safety trains, assuming one train
inoperable due to a single failure and one train out of service for maintenance.
The safety-related dc systems conform to the requirements of these GDC by
complying with the minimum requirements of GDC 17. Compliance to these
GDC is generically addressed in Section 3.1.
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Criterion 50 — Containment design basis

No equipment or component of the Class 1E or non-Class 1E dc power system
is located inside the C/V. The dc system ends at the last circuit protective
device protecting a dc load. The dc loads are not part of the dc system. The
cables of the dc circuits that feed dc loads inside the C/V go through electrical
penetration assemblies. The design, construction, testing, qualification and
installation of electrical penetration assemblies used for Class 1E and non-
Class 1E dc circuits conform to the requirements of IEEE Std 317 (Reference
8.3.1-17). The electrical penetration assemblies are qualified in accordance
with and IEEE Std 323 (Reference 8.3.1-6) and IEEE Std 317 (Reference 8.3.1-
17) for the worst temperature and pressure condition resulting from any LOCA
without exceeding the design leakage rate. The protection system design of the
electric penetration assemblies conforms to the applicable criteria of IEEE Std
741 (Reference 8.3.1-7) and RG 1.63 (Reference 8.3.1-26). All electrical
penetrations are protected with both primary and back up protection.

8.3.2.2.2 Conformance with Regulatory Guidance

RG 1.6, “Independence Between Redundant Standby (Onsite) Power Sources
and Between Their Distribution Systems”

Conformance to this regulatory guide for regulatory positions identified in SRP
(Reference 8.3.1-27) Subsection 8.3.2 is described below:

Regulatory position D.1 - The electrically powered dc safety loads are
separated into four different redundant load groups, powered by four
redundant trains of the safety-related dc power system. Since any two of the
four redundant trains are required for minimum safety functions, the dc
system design conforms to the single failure criterion while one redundant
train is out of service.

Regulatory position D.3 —Each redundant train of the dc power system is
energized by a battery and a battery charger. In addition, there are two
installed spare battery chargers AB and CD. Spare battery charger AB can
be connected manually to replace any of the chargers of the two redundant
trains A or B. Similarly, the spare battery charger CD can be connected
manually to replace any of the chargers of the two redundant trains C or D.
The battery-charger combination of one train has no automatic connection to
any other redundant dc load group.

Regulatory Position D.4 — The redundant onsite dc power sources and their
distribution systems are completely independent. The equipment,
components and circuits of each safety-related train and non safety load
groups are electrically isolated and physically separated from each other.
There is no provision for automatic parallel operation of batteries or battery
chargers. No provisions exist for automatically connecting one load group to
another load group. No provisions exist for automatically transferring loads
between redundant power sources. The installed spare charger can be
manually placed in service to replace any one safety-related charger.
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Interlock has been provided to preclude parallel operation of two chargers
due to operator error.

RG 1.32, “Criteria for Power Systems for Nuclear Power Plants”

This regulatory guide endorses IEEE Std 308 (Reference 8.2-4) with an
exception that pertains to sharing of dc power systems at multi-unit nuclear
power plants. The US-APWR dc power system design, operation and testing
fully conform to the requirements of IEEE Std 308 (Reference 8.2-4). The
exception cited in this regulatory guide is not applicable to US-APWR since it is
a single unit plant.

RG 1.47, “Bypassed and Inoperable Status Indication for Nuclear Power Plant
Safety Systems”

This regulatory guide requires indication of the bypass or inoperable status of
safety-related functions. The US-APWR design is accordance with this
requirement.

RG 1.53, “Application of the Single-Failure Criterion to Safety Systems”

This regulatory guide endorses IEEE Std 379 (Reference 8.3.1-28). This IEEE
Standard provides guidance in the application of the single failure criterion and
presents an acceptable method of single failure analysis. The Class 1E dc
power system is comprised of four trains of completely independent systems,
each with its own battery, battery charger and power distribution equipment.
The components and equipment of each train are electrically isolated and
located in separate rooms in seismic category | building with minimum 3 hour
rated fire barrier between rooms. The HVAC systems that support operation of
the Class 1E dc power system are powered from the redundant Class 1E ac
power system. Any two of the four trains are required to be operational to
provide minimum safety function under any postulated design event. Hence,
the Class 1E dc power system complies with the single failure criterion, even
when one train is out of service. As indicated in Subsection 6.1.4 of IEEE Std
379 (Reference 8.3.1-28), it is not necessary to consider the failure of any
component or equipment within a train for the purpose of satisfying the single
failure criterion.

RG 1.63, “Electric Penetration Assemblies in Containment Structures for Nuclear
Plants”

This regulatory guide endorses |IEEE Std 317 (Reference 8.3.1-17).
Compliance to IEEE Std 317 (Reference 8.3.1-17) is discussed in Subsection
8.3.2.2.1, in the discussion of compliance to GDC 50 (Reference 8.1-3).

RG 1.75, “Criteria for Independence of Electrical Safety Systems”

This regulatory guide endorses IEEE Std 384 (Reference 8.3.1-1) with some
exceptions and clarifications indicated in regulatory positions C (1) through C
(5). Compliance to this regulatory guide with regards to the physical
independence of circuits and electrical equipment that comprise or are
associated with safety systems, is discussed in Subsection 8.3.1.2. As
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required by Subsection 6.3.1 of IEEE Std 384 (Reference 8.3.1-1), the Class
1E batteries of redundant trains are placed in separate, safety-class structures.
Similarly, the redundant Class 1E battery chargers are also placed in separate
rooms and their physical separation fully conforms to the requirements of
section 5 of IEEE Std 384 (Reference 8.3.1-1).

RG 1.81, “Shared Emergency and Shutdown Electric Systems for Multi-Unit
Nuclear Power Plants”

The US-APWR is a single unit plant, therefore this regulatory guide is not
applicable to the US-APWR.

RG 1.106, “Thermal Overload Protection for Electric Motors on Motor-Operated
Valves”

The US-APWR does not have any dc MOV, therefore this regulatory guide is
not applicable to the US-APWR.

RG 1.118, “Periodic Testing of Electric Power and Protection Systems”

This regulatory guide endorses |IEEE Std 338 (Reference 8.3.1-29) with some
exceptions and clarifications indicated in regulatory positions C (1) through C
(3). The IEEE Std 338 (Reference 8.3.1-29) provides design and operational
criteria for the performance of periodic testing as part of the surveillance
program of nuclear plant safety systems. The IEEE Std 338 (Reference 8.3.1-
29) was reissued in 2006 and the surveillance program for the Class 1E dc
power system conforms to the criteria provided in the 2006 version of the IEEE
standard. The regulatory positions cited in RG 1.118 (Reference 8.3.1-24) are
of a clarifying nature and the intent of these regulatory positions is considered
in developing the periodic testing program for the Class 1E dc power system.

RG 1.128, “Installation Design and Installation of Vented Lead-Acid Storage
Batteries for Nuclear Power Plants”

This regulatory guide endorses IEEE Std 484 (Reference 8.3.2-3) with some
stipulations as indicated in regulatory positions C.1 through C.10. The IEEE
Std 484 (Reference 8.3.2-3) provides the criteria that should be used for
storage, location, mounting, ventilation, instrumentation, preassembly,
assembly and charging of vented lead-acid batteries. The US-APWR Class 1E
batteries conform to the requirements of the IEEE Std 484 (Reference 8.3.2-3),
including the stipulations of regulatory positions C.1 through C.10 of RG 1.128.

Conformance to the regulatory positions is described below:

Regulatory position C.1 — The recommended practice of IEEE Std 484
(Reference 8.3.2-3) is used in conjunction with IEEE Std 308 (Reference 8.2-
4) (as endorsed by RG 1.32 (Reference 8.3.1-19)), IEEE Std 336 (Reference
8.3.2-7), IEEE Std 344 (Reference 8.3.1-12) (as endorsed by RG 1.100
(Reference 8.3.2-8)), IEEE Std 450 (Reference 8.3.2-4) (as endorsed by RG
1.129 (Reference 8.3.2-9) ) and IEEE Std 384 (Reference 8.3.1-1) (as
endorsed by RG 1.75 (Reference 8.3.1-2)).
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Regulatory position C.2 — The Class 1E battery rooms are protected against
fires and explosions in accordance with the guidance provided in RG 1.189
(Reference 8.3.2-10) for battery room. The battery rooms, including all
penetrations and openings, of redundant trains are separated by minimum 3
hour rated fire barriers. DC switchgear, switchboards, MCCs, UPS or
inverters are not located in the Class 1E battery rooms. The Class 1E battery
rooms are provided with automatic fire detection systems with provision for
local alarm and alarm and annunciation in the MCR. The Class 1E battery
room ventilation systems are designed to maintain a hydrogen concentration
of less than 2%, and loss of ventilation is alarmed in the MCR. Standpipes
and hose stations are readily available outside the Class 1E battery rooms.
Portable extinguishers are provided in the Class 1E battery rooms.

Regulatory position C.3 — The Class 1E batteries of redundant trains are
located in separate safety class structures conforming to the requirements of
IEEE Std 384 (Reference 8.3.1-1) and RG 1.189 (Reference 8.3.2-10).

Regqulatory position C.4 — The Class 1E batteries are installed on seismic
category | racks and their arrangement on the racks provides the ability for
cell plate inspection.

Reqgulatory position C.5 — The Class 1E batteries and their installation
including racks and anchors are designed and qualified as seismic category |
in accordance with IEEE Std 344 (Reference 8.3.1-12) as endorsed by RG
1.100 (Reference 8.3.2-8). The installation is able to withstand the forces of
a safe shutdown earthquake event while maintaining battery service during
and following the event.

Regulatory position C.6 — The Class 1E battery room ventilation systems are
designed to limit hydrogen accumulation to 2% of the total volume of the
battery room.

Regulatory position C.7 — For maintenance and test measurements of Class
1E batteries, pilot cell is not determined by any sampling process. Pilot cell is
representative of the average of the entire battery that is obtained by
measurement of each cell’s specific gravity and float voltage.

Regulatory position C.8 — Upon initial installation of Class 1E batteries, each
battery’s capability is demonstrated by a performance test or a modified
performance test in accordance with IEEE Std 450 (Reference 8.3.2-4) as
endorsed by RG 1.129 (Reference 8.3.2-9).

Regulatory position C.9 — All activities that pertain to Class 1E batteries are
performed in accordance with plant quality assurance program.

Requlatory position C.10

(a) The Class 1E battery rooms are kept clean, dry and well ventilated; and
they are provided with adequate space and illumination for inspection,
maintenance, testing, and cell/battery replacement.
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(b) The Class 1E batteries are protected against natural phenomena, such
as earthquake, winds, and flooding, as well as induced phenomena, such as
radiation, fire, explosion, missiles, pipe whip, discharging fluids, and
carbondioxide discharge.

(c) The design of the portable and stationary water in Class 1E battery
rooms precludes any inadvertent spilling of water from these facilities onto
the battery itself.

(d) Each Class 1E battery installation includes the following instrumentation
and alarms:

1) Voltmeter

2) High and low battery voltage alarm

3) Ground detector

4) Instrumentation to measure current through the battery
5) Ventilation air flow sensor and alarm in the MCR

6) Fire detection sensor, instrumentation and alarm as recommended in
RG 1.189 (Reference 8.3.2-10)

(e) When storage is required for Class 1E cells, they are stored indoors in a
clean, level, dry, and cool location, avoiding extreme low or high
temperatures or localized sources of heat.

(f) Upon completion of a freshening charge, a hydrogen survey is performed
to verify hydrogen concentration is less than 2%.

(9) In addition to the items listed in Section 7 of IEEE Std 484 (Reference
8.3.2-3), records of initial hydrogen survey data are maintained for record
purposes and future reference.

RG 1.129, “Maintenance, Testing, and Replacement of Vented Lead-Acid
Storage Batteries for Nuclear Power Plants”

This regulatory guide endorses IEEE Std 450 (Reference 8.3.2-4) with some
exceptions, clarifications and supplementary clauses, as indicated in regulatory
positions C.1 through C.8. The IEEE Std 450 (Reference 8.3.2-4) provides
information and recommendations concerning the maintenance, testing, and
replacement of vented lead-acid batteries used in stationary application. The
safety-related battery surveillance program conforms to the requirements of
IEEE Std 450 (Reference 8.3.2-4) as endorsed by this regulatory guide. This
conformance provides an adequate basis for complying with the requirements
set forth in GDC 1, 17, and 18 of Appendix A to 10 CFR Part 50 (Reference
8.1-3), as well as Criterion Ill of Appendix B to 10 CFR part 50 (Reference
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8.3.2-11), as they relate to testing the operability and functional performance of
safety-related batteries.

RG 1.153, “Criteria for Safety Systems”

This regulatory guide endorses IEEE Std 603 (Reference 8.3.1-4) with some
clarifications regarding applicability and use of industry standards referenced in
Section 3 of IEEE Std 603 (Reference 8.3.1-4). |EEE Std 603 (Reference
8.3.1-4) provides minimum functional and design requirements for the power,
instrumentation, and control portions of safety systems for nuclear power
generating stations. The IEEE Std 603 (Reference 8.3.1-4) was reissued in
1998 and this later version of the standard is used to establish the minimum
functional and design requirements for the safety-related dc power system.
The regulatory positions cited in RG 1.153 (Reference 8.3.1-5) are of clarifying
nature and the intent of these regulatory positions is considered in establishing
the minimum functional and design requirements for the safety-related dc
power system.

RG 1.155, “Station Blackout”

This regulatory guide provides guidance for complying with 10 CFR 50.63
(Reference 8.2-5). The plant has two AAC power sources of which only one is
required to be operational to cope with an SBO event. Power supply to all
electrical loads that are required to be operational is restored within one hour
from the onset of an SBO event. Under normal plant operating conditions, both
safety-related and non safety-related dc power systems derive power from the
battery chargers that are fed from the safety-related and non safety-related
480V MCCs. Safety-related and non safety-related batteries will provide power
to the dc power system during the first hour of an SBO event. Within one hour
of an SBO event, power from one of the AAC sources would be available to the
required Class 1E battery charger and that train of the dc system will be
powered from the associated battery charger. Hence, for an SBO condition,
the batteries are required to be sized to provide their duty cycle current for a
period of one hour. In addition, all batteries are sized for the worst case duty
cycle requirements for a period of two hours, considering loss of associated
battery charger and plant conditions that include normal plant operation, LOOP
and coincident LOOP and LOCA.

RG 1.160, “Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants”

This regulatory guide endorses revision 2 of NUMARC 93-01 (Reference 8.2-6)
with some provisions and clarifications for complying with 10 CFR 50.65
(Reference 8.2-7). Conformance to this regulatory guide is generically
addressed in Section 1.9.

RG 1.182, “Assessing and Managing Risk Before Maintenance Activities at
Nuclear Power Plants”

This regulatory guide endorses section 11 of NUMARC 93-01 (Reference 8.2-
6) dated February 11, 2000 with some provisions and clarifications for
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complying with 10 CFR 50.65(a)(4) (Reference 8.2-7). Conformance to this
regulatory guide is generically addressed in Section 1.9.

8.3.3 Tests and Inspections

All active components of the electrical system are accessible for inspection during plant
power generation. The electrical system components like transformers, switchgears,
circuit breakers, MCCs, GTGs and their controls are tested in accordance with
applicable standards and manufacturer recommendations for the Class 1E and non-
Class 1E before plant startup.

The Class 1E electrical power systems are provided with four redundant trains and any
one train can be taken out for maintenance and testing during normal power operation
without impacting the minimum safety requirements.

e The Class 1E GTGs are periodically inspected and tested per the
requirements of IEEE Std 387 (Reference 8.1-1).

e The restoration of AAC power supply within 60 minutes to one of the Class
1E buses from the AAC GTG is verified by test.

e The batteries are periodically inspected and tested per IEEE Std 450
(Reference 8.3.2-4) and IEEE Std 484 (Reference 8.3.2-3).

8.3.4 Combined License Information

COL 8.3.1(1) Transmission voltages are site specific and are provided by the COL
applicant. This includes also MT and RAT voltage ratings.

COL 8.3.1(2) Lightning Protection and grounding is site specific and is provided by
the COL applicant.

COL 8.3.1(3) Short Circuit analysis is provided by the COL applicant, since the
system contribution is site specific.

COL 8.3.1(4) In general schematics are not needed to depict the functional
operation of equipment. However, the interface drawings between
the digital and electromechanical equipment are provided by the COL
applicant. In addition schematics are provided for any functions that
are decided not to be implemented with the digital system, if any.
This is an implementation decision that is made by the COL applicant.

COL 8.3.1(5) Details of the cable and raceway design are incorporated into the as-
built plant design by the COL applicant.
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COL 8.3.1(6) Analyses and any underlying assumptions used to demonstrate the

acceptance criteria for the digital control and protection systems,
including protective devices for motors and generators are included
within the plant digital system and are addressed by COL applicant
similar with 8.3.1(4) above.

COL 8.3.2(1) The individual DC motor characteristics are the responsibility of the

COL applicant. =~ However, the panel loads are conservatively
calculated to account for all the loads.

COL 8.3.2(2) Short circuit analysis is provided by the COL applicant.

COL 8.3.2(3) In general schematics are not needed to depict the functional

operation of equipment. However, the interface drawings between
the digital and electromechanical equipment are provided by the COL
applicant. In addition schematics are provided for any functions that
are decided not to be implemented with the digital system, if any.
This is an implementation decision that is made by the COL applicant.
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Electric Penetration Assemblies in Containment Structures for Nuclear Power
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IEEE Recommended Practice for Design and Installation of Large Lead
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IEEE Recommended Practice for Maintenance, Testing and Replacement of
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IEEE Standard for Qualification of Class 1E Lead Storage Batteries for
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Installation Design and Installation of Vented Lead-Acid Storage Batteries for
Nuclear Power Plants, Regulatory Guide 1.128 Revision 2, February 2007.

IEEE Guide for Installation, Inspection, and Testing for Class 1E Power,
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2005.

Seismic Qualification of Electric and Mechanical Equipment for Nuclear
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March 2007.
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Table 8.3.1-1 Electrical Equipment Ratings - Component Data (Sheet 1 of 3)

Main ac Power System (Nominal Values)

Main Transformer
Quantity
MVA rating
Low voltage winding
High voltage winding

Four single phase units

1 phase 610MVA (3 phase 1830MVA)
26kV

The high voltage rating is site specific
(COL Applicant to provide)

Unit Auxiliary Transformers
(UATs)

Quantity

MVA rating

Low voltage winding

High voltage winding

On-Load Tap Changer (OLTC)

UAT1, 2 UATS3, 4
Two 3 phase, Two 3 phase,
2 winding units 2 winding units
65MVA 53MVA
13.8kV 6.9kV
26kV 26kV
Provided on high| Provided on high
voltage side voltage side

Reserve Auxiliary Transformers
(RATS)

The high voltage rating is site specific
(COL applicant to provide)

RAT1, 2 RAT3, 4
Quantity | Two 3 phase, Two 3 phase,
3 winding units 3 winding units
(including delta (including delta
tertiary winding) tertiary winding)
MVA rating | 65MVA 53MVA
Low voltage winding | 13.8kV 6.9kV
High voltage winding | (by COL applicant) (by COL applicant)
On-Load Tap Changer (OLTC) | Provided on high | Provided on high
voltage side voltage side
Generator Load Break Switch
(GLBS)
Rated Voltage | Over 27.3kV
Rated Current | Over 44.4kA

Rated Frequency

60Hz
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Table 8.3.1-1 Electrical Equipment Ratings - Component Data (Sheet 2 of 3)

Main ac Power System (Nominal Values)

Isolated Phase Busduct (IPB) —
Main Circuit
Type

Rated voltage
Rated current
Rated frequency

Forced air cooling

Over 27.3kV
Over 44 .4kA
60Hz

Isolated Phase Busduct (IPB) —
Branch Circuit

Type

Rated voltage

Rated current

Rated frequency

Forced air cooling
Over 27.3kV
Over 5600A
60Hz

13.8kV Medium Voltage System

Non-Class 1E

Switchgear
Type
Rated current

Metal Clad
3000A

Circuit Breaker

Maximum voltage

Rated short-circuit current
Peak current (C & L crest)
Control power

15kV
37kA
130kA
125V dc
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Table 8.3.1-1 Electrical Equipment Ratings - Component Data (Sheet 3 of 3)

Main ac Power System (Nominal Values)

8. 6.9kV Medium Voltage System | Class 1E Non-Class 1E Non-Class 1E
permanent
Switchgear | A,B,C&D | N3, N4, N5& N6 | P1 & P2
Type | Metal Clad Metal Clad Metal Clad
Rated current | 1200A 3000A 2000A
Circuit Breakers
Maximum voltage | 8.25kV 8.25kV 8.25kV
Rated short-circuit current | 35kA 35kA 35kA
Peak current (C & L Crest) | 111kA 111kA 111kA
Control power | 125V dc 125V dc 125V dc
9. Low Voltage System | Class 1E Non-Class 1E Non-Class 1E
(Load Center) permanent
Circuit Breaker Type | Air  Circuit | Air Circuit | Air Circuit
Breaker Breaker Breaker
Rated short-circuit current | 65kA 65KA 65kA
Rated current | 4000A 4000A 3000A
Station service transformer | A, B, C & D | N1, N2, N3, P1 & P2
N4, N5 & N6
2500kVA 2500kVA 2300kVA
Control power | 125V dc 125V dc 125V dc
10. 480V ac Motor Control Centers
Circuit Breaker Type | MCCB
Rated short circuit current | 65kA
Rated current | 1000A
. Gas Turbine Generators | Class 1E Non-Class 1E AAC
Rated voltage | 6.9kV 6.9kV
Rated output | 4500kW 4000kW
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Table 8.3.1-2 Electrical Equipment Ratings — Voltage and Frequency

Nominal ratings and acceptable variations

Acceptable Variations

Nominal | Nominal Motor
Equipment Voltage | Frequency Normal Conditions Starting
conditions
Voltage | Frequency | Voltage
13.8kV | Switchgear and o o
System | Transformers 13.8kV 60 Hz +10% +5% -
Motors 13.2kV 60 Hz +10% +5% -20%
6.0kv | Switchgear and | go | goHz | +10% 5% i
System | Transformers
mrt](;gass B\ 66kv | 60Hz | +10% 5% -20%
Class 1E Motors 6.6kV 60 Hz +10% +5% -20%
Switchgear and o o
Transformers 480V 60 Hz +10% +5% -
480V Non-Class 1E
System Motors 460V 60 Hz +10% +5% -20%
Class 1E Motors 460V 60 Hz +10% +5% -25%
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Table 8.3.1-3 Electrical Load Distribution - UAT/RAT Loading (Sheet 1 of 3)
Normal Operation

UAT 1 UAT 2 UAT 3 UAT 4
Rated Load Efficiency | Power RAT1 RAT2 RAT3 RAT4
Load Ol,ll_tg:; of | Factor Factor Input of Load ﬁ:taar?ltgz &L;arg:::‘yg v1v %g;\g v1v %gm\g 6.9KV winding 6.9KV winding
kW ) (] ) N1 Bus N2 Bus A Bus B Bus N3 Bus N4 Bus P1 Bus C Bus D Bus N5 Bus N6 Bus P2 Bus

kW] [KVAR] [KVA] Q [KVA] Q [kVA] [kVA] [KVA] Q [KVA] [kVA] [KVA] Q [KVA] [kVA] Q [kVA] [KVA] [KVA]
Reactor Coolant Pump 6000 100 95 85 6316 3915 7431 4 4 1 7431 7431 1 7431 7431
Circulating Water Pump 2300 95 90 65 2428 2839 3736 8 8 4 14944 4 14944
Motor Driven Main Feed Water Pump 11000 95 90 85 11612 7198 13662 4 4 2 27324 2 27324
Condensate Pump 3500 95 90 85 3695 2292 4348 3 2* 4348 1 4348 4348
Secondary System Cooling Tower Fan 6750 95 90 85 7125 4417 8383 2 2 1 8383 1 8383
Makeup Water Pump 2300 95 90 85 2428 1506 2857 2 1* 2857 2857
Turbine Component Cooling Water Pump 560 95 90 85 592 368 697 3 2* 1 697 697 697
Low Pressure Feed Water Heater Drain Pump 500 95 90 85 528 329 622 3 3 1 622 622 622
Auxiliary Building Exhaust Fan 375 95 90 85 396 246 466 2 2 1 466 1 466
Customer Equipment 2400kVA 50 100 100 1200 0 1200 1 1 1 1200
Insulator Washing Pump 840 50 90 85 467 291 550 2 1* 550 550
Emergency Feed Water Pump 450 95 90 85 475 295 559 2 0
Safety Injection Pump 900 95 90 85 950 589 1118 4 0
Essential Service Water Pump 720 95 90 85 760 473 895 4 3* 895 895 1 895 895
Component Cooling Water Pump 610 95 90 85 644 400 758 4 3* 758 758 1 758 758
Containment Spray/Residual Heat Removal Pump 400 95 90 85 423 263 498 4 0
Charging Pump 820 95 90 85 866 537 1019 2 1* 1019 1 1019
Control Rod Drive Mechanism Cooling Fan 315 95 90 85 333 207 392 2 1* 392 392
Non-Essential Chiller Unit 450 95 90 85 475 295 559 4 3* 1118 1118
Blowdown Pump 380 95 90 85 402 249 473 2 1 1 473
A Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 2000
B Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 2000
C Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
D Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 2000
P1 Station Service Transformer 2300kVA 80 - 85 1564 969 1840 1 1 1840
P2 Station Service Transformer 2300kVA 80 - 85 1564 969 1840 1 1 1840
N1 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N2 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N3 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N4 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 2250
N5 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N6 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 2250

Total Bus Capacity [kVA] 52901 52901 4672 3653 13139 18058 4047 4672 3653 14495 18058 4047
Transformer Capacity [kVA] 52901 52901 43569 44925
*: The quantity that is necessary for operation of a plant is this number. This number does not match up to a total of the quantity of operation of mentions in a column of each transformer.
Tier 2 8.3-61 Revision 0




8. ELECTRIC POWER US-APWR Design Control Document

Table 8.3.1-3 Electrical Load Distribution - UAT/RAT Loading (Sheet 2 of 3)

Start-up/Shutdown
UAT 1 UAT 2 UAT 3 UAT 4
Rated Load Efficiency | Power RAT 1 RAT2 RAT3 RAT4
Load OuLth::; of | Factor Factor Input of Load ﬁztaar:ltgé' OQpL:earZ:::\yg \lﬁ]gm\g \jv%g:::; 6.9k winding 6.9KV winding
k] %l %] %l N1 Bus N2 Bus A Bus B Bus N3 Bus N4 Bus P1 Bus C Bus D Bus N5 Bus N6 Bus P2 Bus

kW] [KVAR] [KVA] Q [KVA] Q [kVA] Q [KVA] Q [kVA] Q [KVA] Q [KVA] Q [kVA] Q [kVA] Q [KVA] Q [KVA] Q [kVA] Q [KVA]
Reactor Coolant Pump 6000 100 95 85 6316 3915 7431 4 4 1 7431 1 7431 1 7431 1 7431
Circulating Water Pump 2300 95 90 65 2428 2839 3736 8 8 4 14944 4 14944
Motor Driven Main Feed Water Pump 11000 95 90 85 11612 7198 13662 4 4 2 27324 2 27324
Condensate Pump 3500 95 90 85 3695 2292 4348 3 2* 1 4348 1 4348 1 4348
Secondary System Cooling Tower Fan 6750 95 90 85 7125 4417 8383 2 2 1 8383 1 8383
Makeup Water Pump 2300 95 90 85 2428 1506 2857 2 1* 1 2857 1 2857
Turbine Component Cooling Water Pump 560 95 90 85 465 290 548 3 2% 1 548 1 548 1 548
Low Pressure Feed Water Heater Drain Pump 500 95 90 85 528 329 622 3 3 1 622 1 622 1 622
Auxiliary Building Exhaust Fan 375 95 90 85 396 246 466 2 2 1 466 1 466
Customer Equipment 2400kVA 50 100 100 1200 0 1200 1 1 1 1200
Insulator Washing Pump 840 50 90 85 467 291 550 2 1* 1 550 1 550
Emergency Feed Water Pump 450 95 90 85 475 295 559 2 0
Safety Injection Pump 900 95 90 85 950 589 1118 4 0
Essential Service Water Pump 720 95 90 85 760 473 895 4 3* 1 895 1 895 1 895 1 895
Component Cooling Water Pump 610 95 90 85 644 400 758 4 3* 1 758 1 758 1 758 1 758
Containment Spray/Residual Heat Removal Pump 400 95 90 85 423 263 498 4 0
Charging Pump 820 95 90 85 866 537 1019 2 2 1 1019 1 1019
Control Rod Drive Mechanism Cooling Fan 315 95 90 85 333 207 392 2 1* 1 392 1 392
Non-Essential Chiller Unit 450 95 90 85 475 295 559 4 3* 2 1118 2 1118
Blowdown Pump 380 95 90 85 402 249 473 2 1 1 473
A Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
B Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
C Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
D Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
P1 Station Service Transformer 2300kVA 80 - 85 1564 969 1840 1 1 1 1840
P2 Station Service Transformer 2300kVA 80 - 85 1564 969 1840 1 1 1 1840
N1 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N2 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N3 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N4 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N5 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N6 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250

Total Bus Capacity [kVA] 52901 52901 4672 3653 12990 18058 5738 3653 4672 14495 18058 2058
Transformer Capacity [kVA] 52901 52901 45111 42936

*: The quantity that is necessary for operation of a plant is this number. This number does not match up to a total of the quantity of operation of mentions in a column of each transformer.
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Table 8.3.1-3 Electrical Load Distribution - UAT/RAT Loading (Sheet 3 of 3)
Steam Generator Tube Rupture

UAT 1 UAT 2 UAT 3 UAT 4
Rated Load Efficiency | Power RATH1 RAT 2 RAT3 RAT4
Load Olfg:;d Factor Factor Input of Load &zfaqrgg &)ﬁ;g:]yg \:,ﬁ]g,% \:,,?;]S:% 6.9KV winding 6.9KV winding
k] %l %] %l N1 Bus N2 Bus A Bus B Bus N3 Bus N4 Bus P1 Bus C Bus D Bus N5 Bus N6 Bus P2 Bus

kW] [kVAR] [kVA] Q [kVA] Q [KVA] Q [kVA] Q [KVA] Q [kVA] Q [KVA] Q [kVA] Q [kVA] Q [KVA] Q [KVA] Q [kVA] Q [KVA]
Reactor Coolant Pump 6000 100 95 85 6316 3915 7431 4 3* 1 7431 1 7431 1 7431 1 7431
Circulating Water Pump 2300 95 90 65 2428 2839 3736 8 3* 4 14944 4 14944
Motor Driven Main Feed Water Pump 11000 95 90 85 11612 7198 13662 4 0
Condensate Pump 3500 95 90 85 3695 2292 4348 3 2* 1 4348 1 4348 1 4348
Secondary System Cooling Tower Fan 6750 95 90 85 7125 4417 8383 2 2 1 8383 1 8383
Makeup Water Pump 2300 95 90 85 2428 1506 2857 2 1* 1 2857 1 2857
Turbine Component Cooling Water Pump 560 95 90 85 465 290 548 3 2* 1 548 1 548 1 548
Low Pressure Feed Water Heater Drain Pump 500 95 90 85 528 329 622 3 0
Aucxiliary Building Exhaust Fan 375 95 90 85 396 246 466 2 2 1 466 1 466
Customer Equipment 2400kVA 50 100 100 1200 0 1200 1 1 1 1200
Insulator Washing Pump 840 50 90 85 467 291 550 2 1* 1 550 1 550
Emergency Feed Water Pump 450 95 90 85 475 295 559 2 2 1 559 1 559
Safety Injection Pump 900 95 90 85 950 589 1118 4 4 1 1118 1 1118 1 1118 1 1118
Essential Service Water Pump 720 95 90 85 760 473 895 4 4 1 895 1 895 1 895 1 895
Component Cooling Water Pump 610 95 90 85 644 400 758 4 4 1 758 1 758 1 758 1 758
Containment Spray/Residual Heat Removal Pump 400 95 90 85 423 263 498 4 4 1 498 1 498 1 498 1 498
Charging Pump 820 95 90 85 866 537 1019 2 0
Control Rod Drive Mechanism Cooling Fan 315 95 90 85 333 207 392 2 0
Non-Essential Chiller Unit 450 95 90 85 475 295 559 4 2 1 559 1 559
Blowdown Pump 380 95 90 85 402 249 473 2 1 1 473
A Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
B Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
C Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
D Station Service Transformer 2500kVA 80 - 85 1700 1054 2000 1 1 1 2000
P1 Station Service Transformer 2300kVA 80 - 85 1564 969 1840 1 1 1 1840
P2 Station Service Transformer 2300kVA 80 - 85 1564 969 1840 1 1 1 1840
N1 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N2 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N3 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N4 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N5 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250
N6 Station Service Transformer 2500kVA 90 - 85 1913 1185 2250 1 1 1 2250

Total Bus Capacity [KVA] 25577 25577 5828 5269 12368 17436 2947 5828 5269 14495 17436 2947
Transformer Capacity [kVA] 25577 25577 43848 45975

*: The quantity that is necessary for operation of a plant is this number. This number does not match up to a total of the quantity of operation of mentions in a column of each transformer.
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Table 8.3.1-4 Electrical Load Distribution - Class 1E GTG Loading (Sheet 1 of 4)

A Class 1E GTG

Load Quantity g:ttsgt :_nO;ui Efficiency Eggg; FL:catgr HOCA Coneurrentwih a LOOP Hot Shutdown T Cold Shutdown
nstalled 1 “rwy | ikw] %l (% (% . ; .
Quantity [kwW] [kVAR] [KVA] Quantity [kW] [KVAR] [kVA] Quantity [kW] [kVAR] [KVA]

A Safety Injection Pump 1 900 950 90 85 95 1 950 589 1118 0 - - - 0 - - -
A Component Cooling Water Pump 1 610 644 90 85 95 1 644 400 758 1 644 400 758 1 644 400 758
A Essential Service Water Pump 1 720 760 90 85 95 1 760 473 895 1 760 473 895 1 760 473 895
A Containment Spray/Residual Heat Removal Pump 1 400 422 90 85 95 1 422 263 497 0 - - - 1 422 263 497
A Charging Pump 1 820 866 90 85 95 0 - - - 1 866 537 1019 1 866 537 1019
A Class 1E Electrical Room Air Handling Unit Fan 1 80 89 85 80 95 1 89 68 112 1 89 68 112 1 89 68 112
A Essential Chiller Unit 1 290 324 85 80 95 1 324 243 405 1 324 243 405 1 324 243 405
A Spent Fuel Pit Pump 1 230 257 85 80 95 0 - - - 1 (257) (193) (322) 1 (257) (193) (322)
A Class 1E Electrical Room Air Handling Unit Electrical Heater 1 250 250 100 100 100 0 - - - 0 - - - 0 - - -
A Pressurizer Heater (Back-up) 1 562 562 100 100 100 0 - - - 1 562 0 562 0 - - -
Motor Control Centers (A&A1) 2 2 550 343 648 2 500 311 589 2 500 311 589

Total 3739 2379 4433 3745 2032 4340 3605 2295 4275

( ):This load is started by manual if GTG has necessary margin after completing automatic load sequence.
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Table 8.3.1-4 Electrical Load Distribution - Class 1E GTG Loading (Sheet 2 of 4)

B Class 1E GTG

Load Quantity g:ttsgt :_nO;ui Efficiency Eggg; FL:catgr HOCA Coneurrentwih a LOOP Hot Shutdown T Cold Shutdown
nstalled 1 “rwy | ikw] %l (% (% . ; .
Quantity [kwW] [kVAR] [KVA] Quantity [kW] [KVAR] [kVA] Quantity [kW] [kVAR] [KVA]

B Safety Injection Pump 1 900 950 90 85 95 1 950 589 1118 0 - - - 0 - - -
B Component Cooling Water Pump 1 610 644 90 85 95 1 644 400 758 1 644 400 758 1 644 400 758
B Essential Service Water Pump 1 720 760 90 85 95 1 760 473 895 1 760 473 895 1 760 473 895
B Containment Spray/Residual Heat Removal Pump 1 400 422 90 85 95 1 422 263 497 0 - - - 1 422 263 497
B Emergency Feed Water Pump 1 590 475 90 85 73 1 475 295 559 1 475 295 559 0 - - -
B Class 1E Electrical Room Air Handling Unit Fan 1 80 89 85 80 95 1 89 68 112 1 89 68 112 1 89 68 112
B Essential Chiller Unit 1 290 324 85 80 95 1 324 243 405 1 324 243 405 1 324 243 405
B Spent Fuel Pit Pump 1 230 257 85 80 95 0 - - - 1 (257) (193) (322) 1 (257) (193) (322)
B Class 1E Electrical Room Air Handling Unit Electrical Heater 1 250 250 100 100 100 0 - - - 0 - - - 0 - - -
B Pressurizer Heater (Back-up) 1 562 562 100 100 100 0 - - - 1 562 0 562 0 - - -
Motor Control Centers (B&A1) 2 2 550 343 648 2 500 311 589 2 500 311 589

Total 4214 2674 4992 3354 1790 3880 2739 1758 3256

(' ): This load is started by manual if GTG has necessary margin after completing automatic load sequence.
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Table 8.3.1-4 Electrical Load Distribution - Class 1E GTG Loading (Sheet 3 of 4)

C Class 1E GTG

Load Quantity g:ttsgt :_nO;ui Efficiency Eggg; FL:catgr HOCA Coneurrentwih a LOOP Hot Shutdown T Cold Shutdown
nstalled 1 “rwy | ikw] %l (% (% . ; .
Quantity [kwW] [kVAR] [KVA] Quantity [kW] [KVAR] [kVA] Quantity [kW] [kVAR] [KVA]

C Safety Injection Pump 1 900 950 90 85 95 1 950 589 1118 0 - - - 0 - - -
C Component Cooling Water Pump 1 610 644 90 85 95 1 644 400 758 1 644 400 758 1 644 400 758
C Essential Service Water Pump 1 720 760 90 85 95 1 760 473 895 1 760 473 895 1 760 473 895
C Containment Spray/Residual Heat Removal Pump 1 400 422 90 85 95 1 422 263 497 0 - - - 1 422 263 497
C Emergency Feed Water Pump 1 590 475 90 85 73 1 475 295 559 1 475 295 559 0 - - -
C Class 1E Electrical Room Air Handling Unit Fan 1 80 89 85 80 95 1 89 68 112 1 89 68 112 1 89 68 112
C Essential Chiller Unit 1 290 324 85 80 95 1 324 243 405 1 324 243 405 1 324 243 405
C Spent Fuel Pit Pump 1 230 257 85 80 95 0 - - - 1 (257) (193) (322) 1 (257) (193) (322)
C Class 1E Electrical Room Air Handling Unit Electrical Heater 1 250 250 100 100 100 0 - - - 0 - - - 0 - - -
C Pressurizer Heater (Back-up) 1 562 562 100 100 100 0 - - - 1 562 0 562 0 - - -
Motor Control Centers (C&D1) 2 2 550 343 648 2 500 311 589 2 500 311 589

Total 4214 2674 4992 3354 1790 3880 2739 1758 3256

( ):This load is started by manual if GTG has necessary margin after completing automatic load sequence.
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Table 8.3.1-4 Electrical Load Distribution - Class 1E GTG Loading (Sheet 4 of 4)

D Class 1E GTG

Load Quantity g:ttsgt :_nO;ui Efficiency Eggg; FL:catgr HOCA Coneurrentwih a LOOP Hot Shutdown T Cold Shutdown
nstalled 1 “rwy | ikw] %l (% (% . ; .
Quantity [kwW] [kVAR] [KVA] Quantity [kW] [KVAR] [kVA] Quantity [kW] [kVAR] [KVA]

D Safety Injection Pump 1 900 950 90 85 95 1 950 589 1118 0 - - - 0 - - -
D Component Cooling Water Pump 1 610 644 90 85 95 1 644 400 758 1 644 400 758 1 644 400 758
D Essential Service Water Pump 1 720 760 90 85 95 1 760 473 895 1 760 473 895 1 760 473 895
D Containment Spray/Residual Heat Removal Pump 1 400 422 90 85 95 1 422 263 497 0 - - - 1 422 263 497
D Charging Pump 1 820 866 90 85 95 0 - - - 1 866 537 1019 1 866 537 1019
D Class 1E Electrical Room Air Handling Unit Fan 1 80 89 85 80 95 1 89 68 112 1 89 68 112 1 89 68 112
D Essential Chiller Unit 1 290 324 85 80 95 1 324 243 405 1 324 243 405 1 324 243 405
D Spent Fuel Pit Pump 1 230 257 85 80 95 0 - - - 1 (257) (193) (322) 1 (257) (193) (322)
D Class 1E Electrical Room Air Handling Unit Electrical Heater 1 250 250 100 100 100 0 - - - 0 - - - 0 - - -
D Pressurizer Heater (Back-up) 1 562 562 100 100 100 0 - - - 1 562 0 562 0 - - -
Motor Control Centers (D&D1) 2 2 550 343 648 2 500 311 589 2 500 311 589

Total 3739 2379 4433 3745 2032 4340 3605 2295 4275

(' ): This load is started by manual if GTG has necessary margin after completing automatic load sequence.
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Table 8.3.1-5 Electrical Load Distribution - AAC GTG Loading (LOOP Condition)

A-AAC GTG
LOOP
Quantit Rated Load Efficienc Power Load
Load Y | Output Input 1eNCY 1 Factor Factor Hot Shutdown Cold Shutdown
Installed (KW] (kW] [%] [%] (%]
Quantity [kW] [kVAR] [kVA] Quantity [kW] [kVAR] [kVA]
Turbine Component Cooling Water Pump 1 560 591 90 85 95 1 591 368 696 1 591 368 696
Control Rod Drive Mechanism Cooling Fan 1 315 333 90 85 95 1 333 207 392 1 333 207 392
Non-Essential Chiller Unit 1 450 475 90 85 95 1 475 295 559 1 475 295 559
Reactor Cavity Cooling Fan 1 110 123 85 80 95 1 123 93 154 1 123 93 154
Turning Oil Pump 1 160 179 85 80 95 1 179 135 224 1 179 135 224
Containment Fan Cooler Unit Fan 2 200 224 85 80 95 2 448 336 560 2 448 336 560
Non-Essential Chilled Water System Cooling Tower Fan 2 120 134 85 80 95 1 134 101 168 1 134 101 168
Non-Essential Chilled Water System Cooling Tower Pump 2 110 123 85 80 95 1 123 93 154 1 123 93 154
Motor Control Centers (P11&P12) 2 2 1430 887 1683 2 1430 887 1683
Total 3836 2515 4590 3836 2515 4590
B-AAC GTG
LOOP
Quantit Rated Load Efficienc Power Load
Load Y | Output Input 1eNCY | Factor Factor Hot Shutdown Cold Shutdown
Installed (kW] (kW] [%] [%] [%]
Quantity [kW] [kVAR] [kVA] Quantity [kW] [kVAR] [kVA]
Turbine Component Cooling Water Pump 1 560 591 90 85 95 1 591 368 696 1 591 368 696
Control Rod Drive Mechanism Cooling Fan 1 315 333 90 85 95 1 333 207 392 1 333 207 392
Non-Essential Chiller Unit 1 450 475 90 85 95 1 475 295 559 1 475 295 559
Reactor Cavity Cooling Fan 1 110 123 85 80 95 1 123 93 154 1 123 93 154
Containment Fan Cooler Unit Fan 2 200 224 85 80 95 2 448 336 560 2 448 336 560
Non-Essential Chilled Water System Cooling Tower Fan 2 120 134 85 80 95 1 134 101 168 1 134 101 168
Non-Essential Chilled Water System Cooling Tower Pump 2 110 123 85 80 95 1 123 93 154 1 123 93 154
Motor Control Centers (P21&P22) 2 2 1430 887 1683 2 1430 887 1683
Total 3657 2380 4366 3657 2380 4366
Tier 2 8.3-68 Revision 0
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Table 8.3.1-6 Electrical Load Distribution - AAC GTG Loading (SBO Condition)

A&B-AAC GTG
. Rated | Load .- Power Load SBO
Quantity Efficiency
Bus Load Output | Input o Factor Factor .
Installed kW] W] [%] %] %] Quantity [kW] [KVAR] [KVA]
Component Cooling Water Pump 1 610 644 90 85 95 1 644 400 758
Essential Service Water Pump 1 720 760 90 85 95 1 760 473 895
Containment Spray/Residual Heat Removal Pump 1 400 422 90 85 95 0 - - -
Charging Pump 1 820 866 90 85 95 1 866 537 1019
Class 1E Electrical Room Air Handling Unit Fan 1 80 89 85 80 95 1 89 68 112
Class 1E Bus | Essential Chiller Unit 1| 200| 324 85 80 95 1 324 243 405
Class 1E Electrical Room Air Handling Unit Electrical Heater 1 250 250 100 100 100 0 - - -
Pressurizer Heater 1 562 562 100 100 100 0 - - -
Motor Control Center 2 2 400 249 471
Subtotal 3083 1970 3660
Motor Control Center 2 2 200 150 250
Subtotal 200 150 250
Total 3283 2120 3910
Tier 2 8.3-69 Revision 0
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Table 8.3.1-7 Electrical Load Distribution - Class 1E MCC Loads (Sheet 1 of 4)

A-MCC and A1-MCC

A-Motor Control Center

Rated Output

Name
[kW]

A-Class 1E Gas Turbine Generator Auxiliary Panel 68
A-Emergency Feed Water Pump (T/D) Area Air Handling Unit 8.5
A-Essential Chiller Unit Control Panel 2 kVA
A-Essential Chilled Water Pump 53

A-UPS Unit 50 kVA
A-1&C Power Transformer 50 kVA
A-Main Control Room Air Handling Unit 13

A-Main Control Room Electrical Reheating Coil 46
A-Safeguard Component Area Air Handling Unit 9

A-Class 1E Battery Room Exhaust Fan 1.5
A-Battery Charger 125 kVA
A-Safety Injection Pump Auxiliary Oil Pump 1.5

A-Class 1E I&C Room Electrical Reheating Coil 12
A-Emergency Feed Water Pump (T/D) Area Electric Heater 8.5
A-Emergency Lighting Transformer 10 kVA

A1-Motor Control Center

Rated Output

Name
[kW]

A-Annulus Emergency Exhaust Filtration Unit Fan 13

A-Annulus Emergency Exhaust Filtration Unit Electric Heating Coil 27

A-Main Control Room Emergency Filtration Unit Fan 55

A-Main Control Room Emergency Filtration Unit Electric Heating 18

Coall

A-Remote Shutdown Console Room Electrical Reheating Coll 10

Note: This table doesn't show MOVs and all loads.
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Table 8.3.1-7 Electrical Load Distribution - Class 1E MCC Loads (Sheet 2 of 4)

B-MCC

B-Motor Control Center

Name Rated Output
[kW]

B-Class 1E Gas Turbine Generator Auxiliary Panel 68
B-Emergency Feed Water Pump (M/D) Area Air Handling Unit 8.5
B-Essential Chiller Unit Control Panel 2| kVA
B-Essential Chilled Water Pump 53
B-UPS Unit 50 | kVA
B-1&C Power Transformer 50 | kVA
B-Main Control Room Air Handling Unit 13
B-Main Control Room Electrical Reheating Coil 46
B-Safeguard Component Area Air Handling Unit 9
B-Class 1E Battery Room Exhaust Fan 1.5
B-Emergency Lighting Transformer 10 | kVA
B-Battery Charger 125 | kVA
B-Safety Injection Pump Auxiliary Oil Pump 1.5
B-Class 1E I&C Room Electrical Reheating Coil 12
B-Emergency Feed Water Pump (M/D) Area Electric Heater 8.5
B-Emergency Lighting Transformer 10 | kVA

Note: This table doesn't show MOVs and all loads.
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Table 8.3.1-7 Electrical Load Distribution - Class 1E MCC Loads (Sheet 3 of 4)

C-MCC

C-Motor Control Center

Name Rated Output
[kW]

C-Class 1E Gas Turbine Generator Auxiliary Panel 68
C-Emergency Feed Water Pump (M/D) Area Air Handling Unit 8.5
C-Essential Chiller Unit Control Panel 2| kVA
C-Essential Chilled Water Pump 53
C-UPS Unit 50 | kVA
C-1&C Power Transformer 50 | kVA
C-Main Control Room Air Handling Unit 13
C-Main Control Room Electrical Reheating Coil 46
C-Safeguard Component Area Air Handling Unit 9
C-Class 1E Battery Room Exhaust Fan 1.5
C-Emergency Lighting Transformer 10 | kVA
C-Battery Charger 125 | kVA
C-Safety Injection Pump Auxiliary Oil Pump 1.5
C-Class 1E 1&C Room Electrical Reheating Coil 12
C-Emergency Feed Water Pump (M/D) Area Electric Heater 8.5
C- Emergency Lighting Transformer 10 | kVA

Note: This table doesn't show MOVs and all loads.
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Table 8.3.1-7 Electrical Load Distribution - Class 1E MCC Loads (Sheet 4 of 4)

D-MCC and D1-MCC

D-Motor Control Center

Rated
Name Output

[kW]
D-Class 1E Gas Turbine Generator Auxiliary Panel 68
D-Emergency Feed Water Pump (T/D) Area Air Handling Unit 8.5
D-Essential Chiller Unit Control Panel 2| kVA
D-Essential Chilled Water Pump 53
D-UPS Unit 50 | kVA
D-1&C Power Transformer 50 | kVA
D-Main Control Room Air Handling Unit 13
D-Main Control Room Electrical Reheating Coil 46
D-Safeguard Component Area Air Handling Unit 9
D-Class 1E Battery Room Exhaust Fan 1.5
D-Battery Charger 125 | kVA
D-Safety Injection Pump Auxiliary Oil Pump 1.5
D-Class 1E 1&C Room Electrical Reheating Coil 12
D-Emergency Feed Water Pump (T/D) Area Electric Heater 8.5
D-Emergency Lighting Transformer 10 | kKVA

D1-Motor Control Center
Name Rated Output

[kW]
D-Annulus Emergency Exhaust Filtration Unit Fan 13
D-Annulus Emergency Exhaust Filtration Unit Electric Heating Coll 27
D-Main Control Room Emergency Filtration Unit Fan 5.5
CDo-il?/lain Control Room Emergency Filtration Unit Electric Heating 18
D-Remote Shutdown Console Room Electrical Reheating Coil 10

Note: This table doesn't show MOVs and all loads.
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Table 8.3.1-8 Class 1E and AAC GTG Alarms

Description Local MCR
Engine
Lubricating oil low pressure Yes Yes
Lubricating oil high temperature Yes Yes
Starting air low pressure Yes Yes
Engine failure to start (after automatic attempt to Yes Yes
start)
Overspeed Yes Yes
Low fuel oil day tank level Yes Yes
High fuel oil day tank level Yes Yes
Fuel Oil Tank High Yes Yes
Fuel Oil Tank Low Yes Yes
Governor Not Isochronous Yes Yes
Generator
Generator differential Yes Yes
Overcurrent with voltage restraint, ground fault Yes Yes
overcurrent (Inst.), reverse power
Loss of excitation Yes Yes
Stator high temperature Yes Yes
Bearing high temperature Yes Yes
Field ground fault Yes Yes
System status
Loss of control power supply Yes Yes
Loss of 480V ac auxiliary power supply Yes Yes
GTG automatic start Yes Yes
GTG control-local Yes Yes
Any fault or irregularity occurring during the Yes Yes
standby (ready to start) and running modes
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Table 8.3.1-9 Electrical Equipment Location List (Sheet 1 of 7)

Location
Name
Bldg/F | Elevation Room
A-Class 1E 6.9kV Switchgear R/B 1F | EL 3-7" A-Class 1E Electrical Room
A-Class 1E 480V Load Center R/B 1F EL 3'-7" A-Class 1E Electrical Room
A1-Class 1E 480V Load Center R/B 1F EL 3'-7" A-Class 1E Electrical Room

A-Class 1E Motor Control Center R/B 1F EL 3'-7" A-Class 1E Electrical Room

A1-Class 1E Motor Control Center R/B 1F EL 3'-7" A-Class 1E Electrical Room

A-Class 1E MOV Control Center 1 R/B 1F EL 3'-7" A-Class 1E Electrical Room

A-Class 1E MOV Control Center 2 R/B 1F EL 3'-7" A-Class 1E Electrical Room

A-Presserizer Heater Distribution | /5 4 | EL3-7" | A-Class 1E Electrical Room

Panel
B-Class 1E 6.9kV Switchgear R/B 1F | EL 3-7" B-Class 1E Electrical Room
B-Class 1E 480V Load Center R/B 1F EL 3'-7" B-Class 1E Electrical Room

B-Class 1E Motor Control Center R/B 1F EL 3'-7" B-Class 1E Electrical Room

B-Class 1E MOV Control Center R/B 1F EL 3'-7" B-Class 1E Electrical Room

B-Presserizer Heater Distribution | g/5 4 | EL3-7" | B-Class 1E Electrical Room

Panel

A-RCP Trip Switchgear R/B 1F | EL 3-7" B-Class 1E Electrical Room
B-RCP Trip Switchgear R/B 1F | EL 3-7" B-Class 1E Electrical Room
C-Class 1E 6.9kV Switchgear R/B 1F | EL 3-7" C-Class 1E Electrical Room
C-Class 1E 480V Load Center R/B 1F | EL 3-7" C-Class 1E Electrical Room

C-Class 1E Motor Control Center R/B 1F EL 3'-7" C-Class 1E Electrical Room

C-Class 1E MOV Control Center R/B 1F EL 3'-7" C-Class 1E Electrical Room

C-Presserizer Heater Distribution | o5 4 | £l 37" | ¢-Class 1E Electrical Room

Panel

C-RCP Trip Switchgear R/B 1F | EL 3-7" C-Class 1E Electrical Room
D-RCP Trip Switchgear R/B 1F | EL 3-7" C-Class 1E Electrical Room
D-Class 1E 6.9kV Switchgear R/B 1F | EL 3-7" D-Class 1E Electrical Room
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Table 8.3.1-9 Electrical Equipment Location List (Sheet 2 of 7)

Location
Name
Bldg/F | Elevation Room

D-Class 1E 480V Load Center R/B 1F EL 3'-7" D-Class 1E Electrical Room
D-Class 1E Motor Control Center R/B 1F EL 3'-7" D-Class 1E Electrical Room
D1-Cclass 1E Motor Control Center R/B 1F EL 3'-7" D-Class 1E Electrical Room
D-Class 1E MOV Control Center 1 R/B 1F EL 3'-7" D-Class 1E Electrical Room
D-Class 1E MOV Control Center 2 R/B 1F EL 3'-7" D-Class 1E Electrical Room
porresserizer Heater  Distribution | pig 4F | EL 37" | D-Class 1E Electrical Room
A-Class 1E UPS Unit RIB2F | EL25-3+ | AClass TE Batlery Charger
A-Class 1E I&C Power Transformer | R/B2F | EL 25-3+ | AClass 1E Battery Charger
A-Class 1E MOV Inverter 1 RIB2F | EL25-3 | AClass 1E Battery Charger
A-Class 1E MOV Inverter 2 RIB2F | EL25-3 | AClass 1E Battery Charger
A-Solenoid Distribution Panel RIB2F | EL25-3+ | AClass 1E Battery Charger
A-Switching Circuit Panel RIB2F | EL25-3+ | AClass 1E Batlery Charger
A-Class 1E AC 120V Panelboard RIB2F | EL25-3 | AClass 1E Batlery Charger
B-Class 1E UPS Unit RIB2F | EL25-3+ | BrClass 1E Batlery Charger
B-Class 1E I&C Power Transformer | R/B 2F | EL 253+ | B-Class 1E Battery Charger
B-Class 1E MOV Inverter RIB2F | EL25-3+ | BrClass IE Batlery Charger
B-Solenoid Distribution Panel RIB2F | EL25-3+ | BClass 1E Battery Charger
B-Switching Circuit Panel RIB2F | EL25-3+ | DBClass 1E Battery Charger
B-Class 1E AC 120V Panelboard RIB2F | EL25-3+ | BClass 1E Battery Charger
C-Class 1E UPS Unit RIB2F | EL25-3 | C"Class 1E Batiery Charger
C-Class 1E 1&C Power Transformer R/B 2F | EL 25'-3" C-Clasasn:j%?,gttggyo?nharger
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Table 8.3.1-9 Electrical Equipment Location List (Sheet 3 of 7)

Location
Name
Bldg/F | Elevation Room
C-Class 1E MOV Inverter R/B2F | EL25-3" | C-Class 1E Battery Charger
C-Solenoid Distribution Panel R/B2F | EL25-3 | C-Class 1E Battery Charger
C-Switching Circuit Panel RIB2F | EL25-3+ | C-Class 1E Battery Charger
C-Class 1E AC120V Panelboard | R/B 2F | EL25-3" | C-Class 1E Battery Charger
D-Class 1E UPS Unit R/B2F | EL25-3" | D-Class 1E Battery Charger
D-Class 1E 1&C Power Transformer | R/B 2F | EL 25-3" | D-Class 1E Battery Charger
D-Class 1E MOV Inverter 1 R/B2F | EL25-3+ | D-Class 1E Battery Charger
D-Class 1E MOV Inverter 2 RIB2F | EL25-3" | D-Class 1E Battery Charger
D-Solenoid Distribution Panel R/B2F | EL25-3" | D-Class 1E Battery Charger
D-Switching Circuit Panel R/B2F | EL25-3 | D-Class 1F Battery Charger
D-Class 1E AC120V Panelboard | R/B 2F | EL25-3" | D-Class 1E Battery Charger
A-Class 1E Battery Charger RIB2F | EL25-3" | AClass 1E Battery Charger
A-Class 1E DC Switchboard RIB2F | EL25-3" | AClass 1E Battery Charger
B-Class 1E Battery Charger R/B2F | EL25-3 | B-Class 1E Battery Charger
B-Class 1E DC Switchboard RIB2F | EL25-3" | B-Class 1E Battery Charger
C-Class 1E Battery Charger RIB2F | EL25-3" | C-Class 1E Battery Charger
C-Class 1E DC Switchboard RIB2F | EL25-3" | C-Class 1E Battery Charger
D-Class 1E Battery Charger R/B2F | EL25-3 | D-Class 1F Battery Charger
D-Class 1E DC Switchboard R/B2F | EL25-3+ | D-Class 1E Battery Charger
AB Spare Battery Charger RIB2F | EL25-3" | AClass 1E Battery Charger
CD Spare Battery Charger R/B 2F | EL 25'-3" D-Clazsnéiggttsgyo%harger
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Table 8.3.1-9 Electrical Equipment Location List (Sheet 4 of 7)

Location
Name
Bldg/F | Elevation Room

A-Class 1E Battery R/B 2F | EL 25'-3" A-Class 1E Battery Room
B-Class 1E Battery R/B 2F | EL 25'-3" B-Class 1E Battery Room
C-Class 1E Battery R/B 2F | EL 25'-3" C-Class 1E Battery Room
D-Class 1E Battery R/B 2F | EL 25'-3" D-Class 1E Battery Room
E;s;sle;rizer Heater  Distribution R/B4F | EL 76-5" CRDM Panel Room
|I;;ensesiezrizer Heater  Distribution R/B4F | EL 76-5" CRDM Panel Room
gll;g‘f”'c'ass 1E Motor Control | /g 5F | EL 286" | Non-Class 1E Electrical Room
rol-Mon-Class & Motor Control | /g 2F | EL 286" | Non-Class 1E Electrical Room
gll;glron'c'ass 1B Motor Control | /g oF | EL 28-6" | Non-Class 1E Electrical Room
Nt Mon-Class 1E Motor Control | A/g 2F | EL 286" | Non-Class 1E Electrical Room
ggl;glron-c:lass 1E Motor Control | /g oF | EL 28-6" | Non-Class 1E Electrical Room
nat-Mon-Class 1E Motor Control | A/g 2F | EL 286" | Non-Class 1E Electrical Room
N11-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
g;;;(lj\lon-CIass 1B ACT20V Switch | \ /g oF | EL 286" | Non-Class 1E Electrical Room
N12-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
g;j;glon-Class 1B ACT20V Switch | \/goF | EL 286" | Non-Class 1E Electrical Room
N21-UPS Unit A/B 2F | EL 28-6" | Non-Class 1E Electrical Room
E‘g;;g‘on'c'ass 1B ACT20V Switch | \/g oF | EL 286" | Non-Class 1E Electrical Room
N22-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
ggj;(lj\lon-Class 1B ACT20V Switch | \/goF | EL 286" | Non-Class 1E Electrical Room
N31-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
No-Hlon-Class 1 ACT20V SWIteh | A/ 2F | EL 286" | Non-Class 1E Electrical Room
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Table 8.3.1-9 Electrical Equipment Location List (Sheet 5 of 7)

Location
Name
Bldg/F | Elevation Room

N32-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
ggg;glon-Class 1E ACT20V Switch | o/g oF | EL 286" | Non-Class 1E Electrical Room
N41-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
Nal-lon-Class 1E ACT20V Switeh | s/ oF | EL 286" | Non-Class 1E Electrical Room
N42-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
ggg;glon-Class 1E ACT20V Switch | o/g oF | EL 286" | Non-Class 1E Electrical Room
N5-UPS Unit A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
No-Non-Class 1E ACT20V. Switeh | s/ oF | EL 286" | Non-Class 1E Electrical Room
N1-Non-Class 1E Charger A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
gg;’;‘gn'c'ass 1B DC125V Switch | /g 2F | EL 286" | Non-Class 1E Electrical Room
N2-Non-Class 1E Charger A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
Ne-hon-Class 15 DC12V. Switeh | wg oF | EL 286" | Non-Class 1E Electrical Room
N12-Non-Class 1E Charger A/B 2F | EL 28'-6" | Non-Class 1E Electrical Room
N1-Non-Class 1E Battery A/B 2F | EL 28'-6" | Non-Class 1E Battery Room
N2-Non-Class 1E Battery A/B 2F | EL 28'-6" | Non-Class 1E Battery Room
g‘\klgﬂgei'f‘ss 1B 188KV 15 oF | EL 340" Electrical Room
g'fvlt'\éﬁgei'fss 1B B8V 1546 | EL37 Electrical Room
P1-Non-Class 1E 6.9kV Switchgear | T/B 2F | EL 34'-0" Electrical Room
P2-Non-Class 1E 6.9kV Switchgear | T/B1F | EL 3-7" Electrical Room
N3-Non-Class 1E 6.9kV Switchgear | T/B 2F | EL 34'-0" Electrical Room
N4-Non-Class 1E 6.9kV Switchgear | T/B 2F | EL 34'-0" Electrical Room
N5-Non-Class 1E 6.9kV Switchgear | T/B 1F | EL 3'-7" Electrical Room
N6-Non-Class 1E 6.9kV Switchgear | T/B 1F | EL 3'-7" Electrical Room
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Table 8.3.1-9 Electrical Equipment Location List (Sheet 6 of 7)

Location
Name
Bldg/F | Elevation Room
P1-Non-Class 1E 480V Load Center | T/B 2F | EL 34'-0" Electrical Room
P2-Non-Class 1E 480V Load Center | T/B 1F | EL 3-7" Electrical Room
N1-Non-Class 1E 480V Load Center | T/B 2F | EL 34'-0" Electrical Room
N2-Non-Class 1E 480V Load Center | T/B 1F | EL 3-7" Electrical Room
N3-Non-Class 1E 480V Load Center | T/B 2F | EL 34'-0" Electrical Room
N4-Non-Class 1E 480V Load Center | T/B 1F | EL 3-7" Electrical Room
N5-Non-Class 1E 480V Load Center | T/B 1F | EL 3'-7" Electrical Room
N6-Non-Class 1E 480V Load Center | T/B 1F | EL 3'-7" Electrical Room
pi hon-Class 1EMotorControl | 1/ 5 | gl 340" Electrical Room
p22 Non-Class 1E Motor Control | 1 4 | gL 37" Electrical Room
ni-on-Class 1E - MotorControl | 15 o | EL 340" Electrical Room
na-tion-Class 1E - Motor - Control | 1/ 4 | gL 37" Electrical Room
pozaon-Class 1E Motor Control | 1/ 5 | gl 340" Electrical Room
Na2Non-Class 1E Motor Control | 1/ o | E| 340" Electrical Room
o2 Non-Class 1E Motor Control | 1 4 | gL 37" Electrical Room
o2 Non-Class 1E - Motor Control | g 4 | gL 37" Electrical Room
N3-Non-Class 1E Charger T/B 2F | EL 34'-0" Electrical Room
Nonon-Class 1E DC125V Switeh | 1 oF | EL 34%0" Electrical Room
N4-Non-Class 1E Charger T/B1F | EL 3-7" Electrical Room
Na-non-Class 1E DC125V: Switeh | g 4 | gL 37" Electrical Room
N34-Non-Class 1E Charger T/B 2F | EL 34'-0" Electrical Room
N3-Non-Class 1E Battery T/B 2F | EL 34'-0" Electrical Room
N4-Non-Class 1E Battery T/B1F | EL 3-7" Electrical Room
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Table 8.3.1-9 Electrical Equipment Location List (Sheet 7 of 7)

Location
Name
Bldg/F | Elevation Room
A-Class 1E GTG PS/B EL 3'-7" A-Class 1E GTG Room
B-Class 1E GTG PS/B EL 3'-7" B-Class 1E GTG Room
C-Class 1E GTG PS/B EL 3'-7" C-Class 1E GTG Room
D-Class 1E GTG PS/B EL 3'-7" D-Class 1E GTG Room
A-AAC GTG PS/B EL 317" A-Alternate é(gol;?wer Source
B-AAC GTG PS/B EL 3-7" B-Alternate ggolir(])wer Source
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Table 8.3.2-1 125V DC Class 1E Load Current Requirement
(Sheet 1 of 4)

Train A
Normal Maximum Load Current
Load Description C”('Z‘;"t Oto1min | 1to119min | 119 to 120 min
(A) (A) (A)

A Switchboard
Control Circuit 2 2 2 2
A _Class 1E 6.9kV 5 49 > 32
Switchgear
A Class 1E 480V y 1 1 1
Load Center
A Class 1E GTG
Control Board 1 5 5 5
A Qlass 1E GTG y 175 0 0
Exciter
A UPS Unit 438 438 438 438
A MOV Inverter 1 1440 1 1
A Reactor Building
DC Distribution 31 35 31 31
Panel
A Battery Charger
Control Circuit 2 2 2 2
A~ Emergency 10 10 10 10
Lighting

Total 489 2150 492 522
Random Load For One 195

Minute - 195

Tier 2 8.3-82 Revision 0
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Table 8.3.2-1 125V DC Class 1E Load Current Requirement
(Sheet 2 of 4)

Train B
Normal Maximum Load Current
Load Description C”Z‘*"‘ Oto1min | 1to119min | 119 to 120 min
(A) (A) (A) (A)
B Switchboard
Control Circuit 2 2 2 2
B _Class 1E 6.9kV 5 49 > 32
Switchgear
B Class 1E 480V y 1 1 1
Load Center
B Class 1E GTG
Control Board 1 5 5 5
B Qlass 1E GTG y 175 0 0
Exciter
B UPS Unit 438 438 438 438
B MOV Inverter 1 720 1 1
B Reactor Building
DC Distribution 31 35 31 31
Panel
B Battery Charger
Control Circuit 2 2 2 2
B Emergency 10 10 10 10
Lighting
Total 489 1430 492 522
Random Load For One 195
Minute - 195

Tier 2 8.3-83 Revision 0
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Table 8.3.2-1 125V DC Class 1E Load Current Requirement
(Sheet 3 of 4)

Train C
Normal Maximum Load Current
Load Description C”Z‘*"‘ Oto1min | 1to119 min | 119 to 120 min
(A) (A) (A) (A)
C Switchboard
Control Circuit 2 2 2 2
C _Class 1E 6.9kV > 492 2 32
Switchgear
C Class 1E 480V y 1 1 1
Load Center
C Class 1E GTG
Control Board 1 5 5 5
C Qlass 1E GTG y 175 0 0
Exciter
C UPS Unit 438 438 438 438
C MOV Inverter 1 720 1 1
C Reactor Building
DC Distribution 31 35 31 31
Panel
C Battery Charger
Control Circuit 2 2 2 2
C  Emergency 10 10 10 10
Lighting
Total 489 1430 492 522
Random Load For One 195
Minute - 195

Tier 2 8.3-84 Revision 0
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Table 8.3.2-1 125V DC Class 1E Load Current Requirement

(Sheet 4 of 4)
Train D
Normal Maximum Load Current
Load Description C”Z‘*"‘ Oto1min | 1to119 min | 119 to 120 min
(A) (A) (A) (A)
D Switchboard
Control Circuit 2 2 2 2
D _Class 1E 6.9kV 5 492 > 32
Switchgear
D Class 1E 480V y 1 1 1
Load Center
D Class 1E GTG
Control Board 1 5 5 5
D Qlass 1E GTG y 175 0 0
Exciter
D UPS Unit 438 438 438 438
D MOV Inverter 1 1440 1 1
D Reactor Building
DC Distribution 31 35 31 31
Panel
D Battery Charger
Control Circuit 2 2 2 2
D Emergency 10 10 10 10
Lighting
Total 489 2150 492 522
Random Load For One 195
Minute - 195

Tier 2 8.3-85 Revision 0
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Table 8.3.2-2 125V DC Non-Class 1E Load Current Requirement
(Sheet 1 of 4)

N1 System
Maximum load Current
Load Normal
oad Current | Oto1min | 1to5min | 5to 30 30 to 60
Description f .
(A) (A) (A) min min
(A) (A)

N1 Switchboard
Control Circuit 2 2 2 2 2
Non-Class 1E
UPS Unit N12 0 525 525 525 0
Non-Class 1E
UPS Unit N22 0 525 525 525 0
Non-Class 1E
UPS Unit N32 0 525 525 525 0
Non-Class 1E
UPS Unit N42 0 525 525 0 0
A/B Distribution
Panel N1 30 30 30 30 30
A/B Distribution
Panel N2 40 40 40 40 40
Solenoid Valve
Distribution 6 6 6 6 6
Panel

Total 78 2178 2178 1653 78

Tier 2 8.3-86 Revision 0
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Table 8.3.2-2 125V DC Non-Class 1E Load Current Requirement
(Sheet 2 of 4)

N2 System
Maximum load Current
Load Normal
D it Current | 0to 1 min | 1to 5 min 5to 30 30 to 60
escription (A) (A) (A) min min
(A) (A)

N2  Switchboard
Control Circuit 2 2 2 2 2
Non-Class 1E
UPS Unit N11 0 525 525 525 0
Non-Class 1E
UPS Unit N21 0 525 525 525 0
Non-Class 1E
UPS Unit N31 0 525 525 525 0
Non-Class 1E
UPS Unit N41 0 525 525 0 0
Non-Class 1E
UPS Unit N5 0 525 525 0 0
A/B  Distribution
Panel N3 30 30 30 30 30
A/B Distribution
Panel N4 24 24 24 24 24
Main Control
Room Distribution 30 30 30 30 30
Panel
Solenoid Valve
Distribution Panel ° ° ° 9 9

Total 95 2720 2720 1670 95

Tier 2 8.3-87 Revision 0
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Table 8.3.2-2 125V DC Non-Class1E Load Current Requirement

(Sheet 3 of 4)

N3 System
Maximum load Current
Load Normal
L. Current | 0to 1 min 1to 30 30 to 31 31 to 60
Description A) (A) min min min
(A) (A) (A)

N3 Switchboard
Control Circuit 2 2 2 2 2
Vacuum Breaker 3 3 3 63 3
Main Generator Seal 1 250 150 150 150
pump
T/B Distribution Panel A 30 30 30 30 30
Transformer  Auxiliary
System Distribution 30 30 30 30 30
panel
Nor_l-CIass 1E 6.9kV P1 > 42 > > >
Switchgear
Non-Class 1E 480V P1
Load Center 2 18 2 2 2
Non-Class 1E 13.8kV
N1 Switchgear 2 2 2 2 2
Non-CIass 1E 6.9kV N3 2 2 2 2 2
Switchgear
Nop-CIass 1E 6.9kV N4 2 > > > >
Switchgear
Non-Class 1E 480V N1
Load Center 2 2 2 2 2
Non-Class 1E 480V N3
Load Center 2 2 2 2 2
Non-Class 1E 480V N4
Load Center 2 2 2 2 2
Secondary System
Solenoid Valve 9 9 9 9 9
Distribution Panel

Total 91 396 240 300 240

Tier 2 8.3-88 Revision 0
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Table 8.3.2-2 125V DC Non-Class 1E Load Current Requirement

(Sheet 4 of 4)
N4 System
Maximum load Current
Load Normal
... Current | 0to 1 min 1to 30 30 to 31 31 to 60
Description (A) (A) min min min
(A) (A) (A)

N4 Switchboard
Control Circuit 2 2 2 2 2
Turbine Oil Pump 1 1400 700 700 700
Vacuum Breaker 3 3 3 63 3
T/B Distribution Panel B 30 30 30 30 30
Transformer  Auxiliary
System Distribution 30 30 30 30 30
panel
Nop-CIass 1E 6.9kV P1 2 42 > > >
Switchgear
Non-Class 1E 480V P1
Load Center 2 18 2 2 2
Non-Class 1E 13.8kV
N2 Switchgear 2 2 2 2 2
Non-CIass 1E 6.9kV N5 2 > 2 2 2
Switchgear
Non-CIass 1E 6.9kV N6 2 2 2 2 2
Switchgear
Non-Class 1E 480V N2
Load Center 2 2 2 2 2
Non-Class 1E 480V N5
Load Center 2 2 2 2 2
Non-Class 1E 480V N6
Load Center 2 2 2 2 2
Secondary System
Solenoid Valve 6 6 6 6 6
Distribution Panel

Total 88 1543 787 847 787

Tier 2 8.3-89 Revision 0
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Table 8.3.2-3 Electrical Equipment Ratings - Component Data (Sheet 1 of 2)
Class 1E DC Power System

(Nominal Values)

a. Battery Bank

4 - 125Vdc 60 flooded lead acid cells, 5000Ah, float voltage 2.25V/cell, equalize
voltage 2.33V/cell, 8 hr rating

b. Battery Charger

4 - ac input — 480V, 3 phase, 60Hz; dc output — 125Vdc, 800A Continuous; float
voltage — 135V, equalizing charge voltage 140V, 24hr recharge

c. Switchboard

4 — 125Vdc, Main bus 3000A, 50kA short circuit

d. Panelboards

4 - Main bus 225A continuous, 40kA short circuit

e. Spare Battery Charger (Non-class 1E)

1 - ac input — 480V, 3 phase, 60Hz; dc output — 125Vdc, 800A Continuous; float
voltage — 135V, equalizing charge voltage 140V, 24hr recharge

Tier 2 8.3-90 Revision 0
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Table 8.3.2-3 Electrical Equipment Ratings - Component Data (Sheet 2 of 2)
Non-Class 1E DC Power System

(Nominal Values)

a. Battery Bank

2 - 125Vdc 60 flooded lead acid cells, 5800Ah, float voltage 2.25V/cell, equalize
voltage 2.33V/cell, 8 hr rating

1 - 125Vdc 60 flooded lead acid cells, 1200Ah, float voltage 2.25V/cell, equalize
voltage 2.33V/cell, 8 hr rating

1 - 125Vdc 60 flooded lead acid cells, 3600Ah, float voltage 2.25V/cell, equalize
voltage 2.33V/cell, 8 hr rating

b. Battery Charger

2 - ac input — 480V, 3 phase, 60Hz; dc output — 125Vdc, 500A Continuous; float
voltage — 135V, equalizing charge voltage 140V, 24hr recharge

1 - ac input — 480V, 3 phase, 60Hz; dc output — 125Vdc, 200A Continuous; float
voltage — 135V, equalizing charge voltage 140V, 24hr recharge

1 - ac input — 480V, 3 phase, 60Hz; dc output — 125Vdc, 300A Continuous; float
voltage — 135V, equalizing charge voltage 140V, 24hr recharge

c. Switchboard

2 — 125Vdc, Main Bus 3000A, 50kA short circuit
1 — 125Vdc, Main Bus 600A, 40kA short circuit
1 — 125Vdc, Main Bus 1600A, 40kA short circuit

d. Spare Battery Charger

1 - ac input — 480V, 3 phase, 60Hz; dc output — 125Vdc, 500A Continuous; float
voltage — 135V, equalizing charge voltage 140V, 24hr recharge

1 - ac input — 480V, 3 phase, 60Hz; dc output — 125Vdc, 300A Continuous; float
voltage — 135V, equalizing charge voltage 140V, 24hr recharge

Tier 2 8.3-91 Revision 0
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Figure 8.3.1-1 Onsite AC electrical distribution system (Sheet 5 of 7)
Class 1E 480V buses A and B one line diagram
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Figure 8.3.1-1 Onsite AC electrical distribution system (Sheet 6 of 7)
Class 1E 480V buses C and D one line diagram
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P1 NON-CLASS 1E 6.9KV BUS P2 NON—CLASS 1E 6.9KV BUS

6.9KV—-480V 6.9KV—480V

L. P1 NON-CLASS 1E L. P2 NON—CLASS 1E
™ STATION SERVICE ™ STATION SERVICE
TRANSFORMER TRANSFORMER

38
38

3¢
3¢
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P1 NON—CLASS 1E 480V LOAD CENTER P2 NON—CLASS 1E 480V LOAD CENTER
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;
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]
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weR] g—wer &—- E:_- &

o0
38

SPARE
SPARE

TURNING OIL PUMP @
SPARE
SPARE

P11—-MOTOR CONTROL CENTER 28
P12—MOTOR CONTROL CENTER 28
P21-MOTOR CONTROL CENTER 2§

A—REACTOR CAVITY COOLING FAN @
P22-MOTOR CONTROL CENTER

B—REACTOR CAVITY COOLING FAN @

B—CONTAINMENT FAN COOLER UNIT FAN @
A—CONTAINMENT FAN COOLER UNIT FAN @
D—CONTAINMENT FAN COOLER UNIT FAN @
C—CONTAINMENT FAN COOLER UNIT FAN @

NON-CLASS 1E 480V
LOAD CENTER

Figure 8.3.1-1 Onsite AC electrical distribution system (Sheet 7 of 7)

Non-Class 1E 480V permanent buses P1 and P2 one line diagram
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LOGIC SYMBOLS

LOGIC
SYMBOLS FUNCTION
A B
J;f AND
C
A B
lcj o8
C
A
$ NOT
B
ABC
COINCIDENCE
2 OUT OF 3
SHOWN
D
A B
ﬁﬁ MEMORY
C
A
ADJUSTABLE
TIME DELAY
ACTUATING
B
A
ADJUSTABLE
TIME DELAY
DE—ACTUATING

DESCRIPTION

A FUNCTION WHICH PRODUCES AN OUTPUT
ONLY WHEN EVERY INPUT EXISTS.

A FUNCTION WHICH PRODUCES AN OUTPUT
ONLY WHEN ONE INPUT(OR MORE) EXISTS.

A FUNCTION WHICH PRODUCES AN OUTPUT
0 EN IN NOT EXIST.

PRODUCES AN OUTPUT

IBED NUMBER(OR MORE)

\ST(TEXAMPL : 20R
FOR AN OUTPUT)

A FUNCTION WHICH RETAINS THE CONDTION
OF OUTPUT CORRESPONDING TO THE LAST
ACTUATED INPUT.

A FUNCTION WHICH PRODUCES AN OUTPUT
FOLLOWING A DEFINITE INTENTIONAL TIME
DELAY AFTER RECEIVING AN INPUT.

A FUNCTION WHICH PRODUCES AN OUTPUT

COINCIDENT WITH THE INPUT AND MAINTAINS

THE OUTPUT FOR A DEFINITE INIENTIONAL
TIME DELAY AFTER THE INPUT IS REMOVED.

27

|

ADDITIONAL SYMBOLS

~— AUTOMATIC COTROL MARK NUMBER

< [T IS SHOWN THAT THE DEVICE IS A BISTABLE,

LOGICAL OUTPUT.

52/% <—— BREAKER NAME

AUTOMATIC COTROL MARK NUMBER

25
27
43

52
59
81
86
87
88
89

OPERATION SWITCH—DISCONNECTOR
SYNCHRONISM DETECTION DEVICE
AC UNDERVOLTAGE RELAY

CONTROL CIRCUIT CHANGE CONTACTOR
SWITCH-DISCONNECTOR

AC OVERCURRENT RELAY OR GROUND OVERCURRENT RELAY
AC CIRCUIT BREAKER

VOLTAGE RELAY

FREQUENCY RELAY

LOCK OUT RELAY

DIFFERENTIAL RELAY

CONTACTOR

DISCONNECTING SWITCH OR LOAD BREAK SWITCH

LEGEND

LINK

HIGH VOLTAGE
CIRCUIT BREAKER
AT SWITCHYARD

TRANSFORMER

DISCONNECTING
SWITCH

GENERATOR
LOAD BREAK
SWITCH

GENERATOR

|
.
&
s
\
)
®

N
N DRAWOUT TYPE
) CIRCUIT BREAKER
v
—_ K—— MECHANICAL KEY

INTERLOCK

SH.NO.
0-1
Figure 8.3.1-2 Logic diagrams (Sheet 1 of 24)
Logic diagram index and symbols
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ONELINE DIAGRAM

MAIN
TRANSFORMER
CIRCUIT BREAKERS
1=
e R -~ RESERVE AUXILIARY
TRANSFORMER
ok WA IRANSFORMER CIRCUIT BREAKERS
TRANS FORMERS o N g B
Bk s SWITCHYARD _ —— T ——J-——J______
PLANT
GENERATOR LINK  TLINK LINK  TLNK  UNIT AUXILIARY RESERVE
LOAD BREAK® # e e wx  TRNSFORMER AUXILARY — ESRAT 12SRAT2 B2RAT3EERAT4
SWITCH UAT1 [UAT2 UAT3 [UAT4 TRNSFORMER
Y
TURBINE
GENERATOR
52 52 52 52 52 52 52 52 52/ As2 52/ As2/  Asp 52 52 52/ Rso 52 52 52 52 52 52 52
JUATA JRAA JUATB Rife JlAfC R S R Soater Jonter Juatez Jadfer Joant Jatn Jiahiz Jeaia o Jaans Jiate JRete Jiafns JRrns Judine gar
B.9KV 6.9KV 6.9KV 6.9KV 6.0KY B,9KY 13.8KY 13 8KV 6.9KY 6.9KYV 69KV 6.9KV
Afaui Bfauls cfau;s D=BUS P1-BUS P)-BUS NT=BUS N2=BUS N3-Bus N4—8US N5-BUS NB=BUS
52/ Msp/ Msp 52/ Msa/ Asp 52/ M52/ Asp 52/ M52/ Mso 52/ Asp 52/ M52/ Asy 52 52 52 52 52
R, fAA{A W s fAAéB R T fAAéc RHe S fAA{D KTt ) STF/JPN)AA{PW ) $tlip2 JAA{PZ ) e ) B ) P ) s ) s ) e
@ d o NGO & @ ® ®
A—EPS B—EPS C—EPS D—EPS
A CLASS 1E B CLASS 1E C CLASS 1E D CLASS 1E P1 NON—CLASS 1E | P2 NON—-CLASS 1E| N1 NON—CLASS 1E N2 NON—CLASS 1E N3 NON-CLASS 1E N4 NON-CLASS 1E N5 NON-CLASS 1E N6 NON-CLASS 1E
v STATION SERVICE XXX STATION SERVICE XY~ STATION SERVICE X< STATION SERVICE  2X<STATION SERVICE 2<:STATION SERVICE :<<STATION SERVICE =STATION SERVICE Z<<STATION SERVICE :<<STATION SERVICE <<STATION SERVICE =<3<<STATION SERVICE
TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER
)52/ )52/ )52( 52 ) 52/ )52( ) 52/ ) 52/ ) 52( ) 52( ) 52/ )52(
STla siiB stle i) Stlp1 STlp2 STiN1 STiN2 ST(N3 STlNe STiNs sT(Ne
48 80V 80V 480y 480V 480 480V 480V 480V 480V 480V 480V
R AR BN D=BUS P1-BUS P2-BUS N1=BUS N2=BUS N3-BUS N4-BUS N5=BUS NB=BUS
I I I I I I

@

_/}_<@

<

M52 52
AACAP AACBP
A—AAC B—AAC SH.NO.
0-2
Figure 8.3.1-2 Logic diagrams (Sheet 2 of 24)
One line diagram
8.3-100 Revision 0
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MAIN TRF/%%SFORMER RESERVE AUXILIARY RESERVE AUXILIARY

CIRCUIT BREAKER GLBS GENERATOR GENERATOR 52/RATT TRANSFORMER 1 TAGEORMER | 52/RAT1
(CLOSE) (CLOSE) LOCK OUT RELAY(A)  LOCK OUT RELAY(B) (cLosE) LOCK OUTRELAY ()~ LOCKQUTRELAY()  (OPEN)
\j—r/ L —‘ RENTED 13.8KV N1 BUS LOSS OF VOLTAGE
x( SHNO. | SIGNAL x( 27A 278 27C
—= 1-2 | U0
x( 1-3 | UTO-2 LZ)SSS%VFN/})FT%%E x( ’ 1 1 ‘ 1
2-1 | UT0-3
RELATED
LI SHNO. | SIONAL 2-2 | UTo-4
THIS SH.| UTB-1 2-3 | UT0-5 SYNCHRONIZATION [2/3]
-2 | UB-2 2-4 | UT06 RELAY C)
1-3 | UB-3 31| Uo7 ]
RELATED | 51GNAL RELATED | giGNAL
SHNO. 32 | UT0-8 QSEC SHAO. v (0.85£C)
THIS SH.| UTC—1 THIS SH.| UVNI—1 :
1-2 | UtC-2 THIS SH. | UWN1-2 ﬁ
173 UTC?} O,C7,7,7777 “5 SKV N“ BUS O,L, Ofcifififif “3 BKV N“ BUS TH‘S SH UVN“73
22’; u&g—; SIGHRONZATON S/~ | \Ncﬂd};ré(é%o&aéfe 13.8€V N1 BUS [ 43/ /AN SUCHRONZATON S/ | \Néruw}g%%o&%}z 13.8KV N1 BUS
- - w w LOSS OF VOLTAGE ! ! ! ! LOSS OF VOLTAGE
53 Tuics LlOFF[ OoN| [oPEN] N [CLOSEU ([MavonL AUTOJ (OPEN) LlOFF[ oN| [oPEN] N [CLOSEU
——F PR N P— | A — PR PR I F—
24 [T w L ’
3-1 | UTC-8 TRIP
3-2 | Uic-9 A-CIRCULATING WATER PUMP
B-CIRCULATING WATER PUMP
A-MOTOR DRVEN MAIN FEED WATER PUNP
- MOTOR DRIVEN MAN FEED WATER PUMP
T B £ EED WATE
RELATED RELATED
§§ ELATED | sioaL ELAD ] sioaL §§
1-2 | RSW-1 1-2 | RoA-1 ()
l l =3 TrRoW2 <3 |
H—‘ 13.8KV N2 BUS
\L J{ LOSS OF VOLTAGE
CLOSE | OPEN
52/UATN > CLOSE | OPEN RESERVE AUYILARY  RESERVE AUKILIARY
{oec S2/RAT2 52/RATN1 TRANSFORVER 2~ TRANSFORMER2  52/RAT2 13.8kV N2 BUS LOSS OF VOLTAGE
(CLOSE) LOCK OUT RELAY (A)  LOCK OUT RELAY (B)  (OPEN) 27A 278 27C
o . 13.8KV N2 BUS
THIS SH.  THIS SH. ﬁm—mmw S 13.8KV N2 BUS SINGHRONZATON ™ S/ ™] INITATION OF OVER 23]
_SM_ ] wiTon OF OvER 13.8KV N2 BUS - | [orF[on] [opn] N [ouose] | CURRENTRELAY
! ! CURRENT RELAY LOSS OF VOLTAGE L 13.8KY N2 BUS
L[OFF[ oN| [ope] N [CLOSELJ i —F— = —’—— LOSS OF VOLTAGE RENED| s N
T "*17’ s THIS SH.| UVN2—1 (08s£C)
THIS SH.| UVWN2—2 zﬁ
— — N THIS SH.| UVWN2—3
3SEC
§§ i
C—CIRCULATING WATER PUMP
l l E— D-CIRCULATING WATER PUMP
C-MOTOR DRVEN NAIN FEED WATER PUMP
H—‘ Q u D-MOTOR DRVEN MAN FEED WATER PUNP
CLOSE | OPEN CLOSE | OPEN
52/UATN2 52/RATN2
SH.NO.
Figure 8.3.1-2 Logic diagrams (Sheet 3 of 24) 1-1

Non-Class 1E 13.8kV incoming circuit breaker tripping and closing
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0C

[ SINCHRONIZATION S ]

U({FP[ N | [orn[ N

[CLOEELJ

=

6.9KV N3 BUS LOSS OF VOLTAGE
27A 278 27C

0C

S

oo ol

N Joosg] |

=

23]
RELATED
SHANO. | SIGNAL Gpoas .
THS SH.| UWN3—1 (0-85EC)
THS SH.| W32 i
THS SH.| UWN3-3
TP

A-REACTOR COOLANT PUMP

C-TURBINE COMPONENT COOLING WATER PUMP

A-LOW PRESSURE FEED WATER REHEATER DRAIN PUNP

A-AUXILIARY BUILDING EXHAUST FAN

RESERVE AUXILIARY  RESERVE AUXILIARY
52/RAT3 TRANSFORMER 3 TRANSFORMER 3 52/RAT3
(CLOSE) LOCK OUT RELAY ()  LOCK OUT RELAY (B) (OPEN)
RELATED
EAED sow | [ ]
2-1 | RTC-1
= - RELATED
7-2 | RiC-2 ﬁ () TATED| SioNAL
3-1 | RIC-3 2-1 | Rio-1
6.9KV N3 BUS [ 2-2 | R10-2
LOSS OF VOLTAGE 3 TRi0=3
WN
6.9KV N3 BUS o 6.9KV N3 BUS
INITIATION OF OVER 6.9V N3 BUS 43 /RAT SYNCHRONIZATION SINCHRONIZATON ~~ S/W T INITIATION OF OVER 6.9KV N3 BUS
CURRENT RELAY LOSS OF VOLTAGE SH.1—1 MANUAL ~ AUTO RELAY i [OFF[ N l [OPEN[ N [cu)SE] I CURRENT RELAY LOSS OF VOLTAGE
oo [ (6] (D= OIS
SEC ’
L/
3SEC
52/UATN3
- T ?- -
Q y i { v
CLOSE [ OPEN 6.9V N4 BUS \L J/
52/UATN3 LOSS OF MOLTAGE CLOSE | OPEN
52 /RATN3
SYNCHRONIZATION
RELAY
25
1SEC
52 /UATNG 0C 6.9KV N4 BUS
6.9KV N4 BUS 6PN =
INITIATION OF OVER 6.9KV N4 BUS (ortx) SINCIRONGATON s/~ INTIRTION OF OVER 6.9KV N4 BUS
; ;
CURRENT RELAY L0SS 3\;« X?LTAGE _q L[OFF[ o] [l n [CU’SEU LOSS OF VOLTAGE

6.9KV N4 BUS LOSS OF VOLTAGE
27A 278 27C

CLOSE | OPEN

|

52/UATN4

CLOSE | OPEN

52/RATN4

Figure 8.3.1-2 Logic diagrams (Sheet 4 of 24)

Non-Class 1E 6.9kV incoming circuit breaker (N3 & N4 buses) tripping and closing

23]
RELATED
ELATED SiovaL Y
THS SH. | UWNA—1 (0.8SEC)
THS SH.| UWNA—2 ﬁ
THS SH.| UWN4—3
TP

B-REACTOR COOLANT PUMP

A-CONDENSATE PUMP

A-INSULATOR WASHING PUMP

B-LOW PRESSURE FEED WATER REHEATER DRAIN PUNP

SH.NO.
1-2
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JRAT RESERVE AUXILIARY RESERVE AUXILIARY /
52/RA TRANSFORMER 4 TRANSFORMER 4 52/RAT4
(CLosE) LOCK OUT RELAY (A)  LOCK OUT RELAY (B) (Open) 6.9KV N5 BUS LOSS OF VOLTAGE
27A 278 27¢
[2/3]
o ) — RECATED
2-3 | RIC-4 SH.NO. SIGNAL G?
2-4_| RIC-5 i () RELATEDT gignar THIS SH | DVN5—1 (0.8SEC)
3-2 | RIC-6 2-3 | RTO-4 $\S SH. | UWN5-2 ﬁ
6.9KV N5 BUS | 2+ T R0=5 IS SH.| UVN5-3
LOSS OF VOLTAGE [—> 3-2 | R10-6
. 8.9KV N5 BUS S — 6.9KV N5 BUS
SYNCHRONIZATION ‘,S/L T ‘NC‘U/EEENTO;E(EX\ER 6.9KV N5 BUS 43 /RAT SYNCHRREE%?AUON SYNCHRONIZATION ‘,S/L T ‘N(‘)TLL/ETR‘(E)NTORFE&/ER 6.9KV N5 BUS P
SH.1-1 SH.1-1 ! ! LOSS OF VOLTAGE SH.1-1 MANUAL  AUTO ! ! LOSS OF VOLTAGE
Llofi) A | l,o Pﬂ NEO,SE]J wel o [2] (2] (RS2 2 Llofi) : | l,OTENJ ,NEO,SEU C-REACTOR COOLANT PUP
1SEC B~CONDENSATE PUMP
N\{Y B-AUXILIARY BUILDING EXHAUST FAN
3SEC
52/UATNS
4 (OPEN) 1 4
i 1 T %g
lj_l Q v v
CLOSE [ OPEN 6.9V N6 BUS ‘L \L 6.9KV N6 BUS LOSS OF VOLTAGE
LOSS OF VOLTAGE 27A 278 2
52,/UATNS i CLOSE [ OPEN
52/ 1S
SYNCHRONIZATION
RELAY
2 L273]
1sEC
RELATED
SHNO. SIGNAL S?{O D)
o 6.9KV N6 BUS 5% gémﬁ o 69KV N6 BUS m: :: m::; ﬁ -
SWCHRONZATON ™™ S/W ™| |\TIATION OF OVER 6.9KV N6 BUS [SNCARNZAION S/~ ] ‘%UQE?QTORFEEXYER 6.9V N6 BUS THIS SH. | UN6-3
UDFF[ oN| [oPeE] N [cmng CURRENT RELAY L0SS 3;4 ;/j)LTAGE ‘Qi UOFF[ oN] [omn] N [CLOSEU LOSS UAGE
e
T TRIP
A D—REACTOR COOLANT PUMP
B ' C—CONDENSATE PUMP
B-INSULATOR WASHING PUMP
% C-LOW PRESSURE FEED WATER REHEATER DRAIN PUMP
Ly ——
- & :
CLOSE | OPEN
52 /UATNG CLOSE | OPEN
52/RATNG
SH.NO.
1-3
Figure 8.3.1-2 Logic diagrams (Sheet 5 of 24)
Non-Class 1E 6.9kV incoming circuit breaker (N5 & N6 buses) tripping and closing
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SYNCHRONIZATION ~ 8.9KV A BUS
RELAY

LOSS OF VOLTAGE
UVA-1
0c RESERVE AUKILARY  RESERVE AUXILIARY 0 { o
CRONZATON__ S/ __ ROTECTON SN S CCS SIoNAL 43 /UAT RONTATION /W MAIN CIRCUIT MAIN CIRCUIT 6.9KV A BUS CCS SIGNAL
SOCHRONAION S| corvaps  PROECIONGINAL  PROTECTION oL VOLTAGE %0 [ SWCHRONIATION S~ ™| KABUS  PROTECTION'SIGNAL  PROTECTION SIGNAL WA U
‘ —=F—T— | INTITION OF OVER  (PERMISSION) (TRIP) PROTECTION  DEGRADEDVOLTAGE ‘ S REA | | LB PN crio o MO
LOFF oN| [omme| fos | | CURRENT RELAY [RTC=1] RTO=T WA-3 [SDVA-1] | b A0 1§ Q?SEC (OPENY LOFF o] oo Fs] | CURRENT RELAY ] 3 ice] e

1L

.

X

Jf F

% 3SEC

RELATED] sionaL RELNTED | Siona
22 | U1 e— {02 [ USAT
| i 273 [ USk—2 23 | USA2
cLosE | oPEN 24 USM?E 24 USA?i
31 | U= 31 | WA=
52/RATA 3-2 | UsW-5 32 | USAS cLose [ ope
52,/UATA

SH.NO.
2-1
Figure 8.3.1-2 Logic diagrams (Sheet 6 of 24)
A-Class 1E 6.9kV bus incoming circuit breaker tripping and closing
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SYNCHRONIZATION ~ 6.9KV B BUS
RELAY LOSS OF VOLTAGE

UVB-1
€ EORIER S TRAREORMER BHBAIS  ECCS SO A MAN CROUT MAN CROUT OYVBRUS  ECCS SIONAL
[AGHRONZAION SV~ corvmaus  PROTECHONGIONAL  PROTECHON SeNAL VU AND SINGHRONEATON_ S/~ | 6.9KV PROTECTION SIGNAL  PROTECTION SIGNAL VOLTAGE AND
| — 5 \NH\AﬂON OF OVER  ( PERMISSION) (TRIP) PROTECT \ON DEGRADED VOLTAGE MANUAL AUTO 52/RATB | _— = INITIATION OF OVER ( PERMISSIONY (TRIPY PROTECTION  DEGRADED VOLTAGE
LOFF ON| |opeN| folos Y L oﬂ ON | |ope 087

CURRENT RELAY RTC-2 RT0-2 UVB-3 SIDVB-1 T T ?SEC (QPEN) Tuusg CURRENT RELAY UTC=5] pmo=4 UVB-4

T T B b

L L Q L Q

oLOSE | oPEN I !
52/RATB CLOSE | OPEN
52/UATB

SH.NO.
2-2

Figure 8.3.1-2 Logic diagrams (Sheet 7 of 24)

B-Class 1E 6.9kV bus incoming circuit breaker tripping and closing
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SYNCHRONIZATION ~ 6.9KV C BUS
RELAY

LOSS OF VOLTAGE
V-1
oC RESERVE AUXILIARY ~ RESERVE AUXILIARY 1 e
CHRONGATION ~ ~SAv ™ TRANSFORMER 4 BIKVCBUS  ECCS SIGNAL - MAIN CIRCUIT CIRCUIT 6IKVCBUS  ECCS SIGNAL
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2-3

Figure 8.3.1-2 Logic diagrams (Sheet 8 of 24)

C-Class 1E 6.9kV bus incoming circuit breaker tripping and closing
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SYNCHRONIZATION  8.9KV D BUS
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LOSS OF VOLTAGE
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0C RESERVE AUXILARY ~ RESERVE AUXILIARY 1 o
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Figure 8.3.1-2 Logic diagrams (Sheet 9 of 24)

D-Class 1E 6.9kV bus incoming circuit breaker tripping and closing
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6.9KV P1 BUS

INITIATION OF OVER ~ ( PERMISSION)

CURRENT RELAY

i
SYNCHRREW(ZA TION PROTECTION
25 UVP1-2
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TRANSFORMER 3 TRANSFORMER 3 6.9KV P1 BUS -~
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Figure 8.3.1-2 Logic diagrams (Sheet 10 of 24)

P1-Non-Class 1E 6.9kV permanent bus incoming circuit breaker tripping and closing
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Figure 8.3.1-2 Logic diagrams (Sheet 11 of 24)

P2-Non-Class 1E 6.9kV permanent bus incoming circuit breaker tripping and closing
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SH.NO. A-PRESSURZER HEATER (BACK-UP GROUP) A-COMPONENT COOLING WATER PUMP
LI THIS SH.| UFA-1 A-PRESSURIZER HEATER (BACK-UP GROUF) J{
ALARM G?
e RELATED —OC_(votes) 45K
SHNO, | SIONL SYNCHRONIZATON 3/A-EPS 2
RELATED | GIGNAL | 52/UATA 52/RATA 2-1 | UA3 [ T [
SHNO. [oFF oN ] [opeN o ecose] [TesT | —
(OPEN) (OPEN) - -
21 | VA1 271 | WA-4 b,i,%,,f,gj
2-1 |SOVA—2 6-1 | WA= oc
6-1 | UWVA=6 —
NoLTaGe ProTECTION
! RESET ' SYNCHRONIZATION
2 =

TRIP

A-ESSENTIAL SERVICE WATER PUMP

A-COMPONENT COOLING WATER PUMP

c/v ECCS 6.9KV A BUS
ISOLATION SIGNAL ACTUATION SIGNAL  INITIATION OF OVER 52/MCA 52/UATA 52/RATA
(T SIGNAL SIA-2 CURRENT RELAY (OPEN) ~ (OPEN) (OPEN)

[
1 1
FUNCTIONAL
DIAGRAM t4-3

ECCS
6.9KVABUS  ACTUATION
LOW FREQUENCY SIGNAL

52/UATA 52/RATA. 52/EPSA

EPS 861 862 ECCS
ENGINE HEAVY LIGHT  ACTUATION SIGNAL

T
STOP FAILURE  FAILURE

A-CONTANMENT SPRAY/RESIDUAL HEAT REVOVAL PUMP) (CLOSBXCLOSBY(CLOSE) ez
A=SAFETY INJECTION PUMP
A-CHARGING PUMP .
[ T+UV/ ISOLATION VALVE ['S+UVJ ISOLATION VALVE
CLOSING SIGNAL CLOSING SIGNAL
(NOTET) TRAIN A Q
(NOTE2) HIGH EXHAUST GAS TEMPERATURE,OVERSPEED,GENERATOR DIFFERENTIAL CURRENT. ] I
(NOTEZ) LOW PRESSURE LUBE OIL, HIGH TEMPERATURE LUBE QIL FAILED TO START,OVERCURRENT,ANTI MOTORING. CLoSE | OPEN
(NOTE4) WHEN CONTROL AT REMOTE SHUTDOWN CONSOLE[SRSC)\S SELECTED BY TRANSFER SWITCH PANEL, 52/EPSA
THESE CONTROL SIGNALS FROM RSC ARE OVERRIDER.
SH.NO.
- - - 4’7"
Figure 8.3.1-2 Logic diagrams (Sheet 12 of 24)
A-Class 1E GTG starting initiation and circuit breaker closing
Tier 2 8.3-110 Revision 0
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6.9KV B BUS 6.9KV B BUS 6.9KV B BUS
DEGRADED VOLTAGE LOSS OF VOLTAGE LOW FREQUENCY
27A 278 27 27A 278 27¢  81A 818 81C
ot YT (L L (L T L _0C_ (vorey B-£PS CONTROL BOARD
S =) e Tomes 1 [ e wp
THIS SH. SIB-2 TSt N [saRr] | ! Tstop o]t reworfLocad]
1if 1Lt iif R | | (s wlsme] o] |
THIS SH. SIB-4
6-2 SB-5
(10 SEC)ED (20 SEC) W (0.8 SEC)E; 05 sec 6-2 SIB-6 K 3 SEC L
ECCS L
ACTUATION SIGNAL
RELATED RELATED
SiiNo. | SO Siag. | SO [ TRP | AUTO START BLOCK — =
o2 | VBT 22 | 0% RELATED | il [ B-PRESSUREZER HEATER (BACK-UP GROUP) | | B~ESSENTIAL SERVICE WATER PUMP — T
SH.NO. B-COMPONENT COOLING WATER PUMP
L[ THIS SH.| UFB-T1 B~PRESSURZER HEATER (BACK-UP GROUP) J/
e
OC _ (NOTE4)
RPN | SiAL SINCHRONZATON ~ ~— 3/B-EPS
SO ;o j e e )
2-2_[SIDVB-2 Jr \L Z:; ng:‘z 0C 17
VoLTAGe proTECTIO
' RESET SINCHRONZATON
| [ weser L
[ | N j
T T T I
cév ECC 6.9KV B BUS
ISOLATION SIGNAL ACTUATION SIGNAL  INITIATION OF OVER 52/MCB 52/UATB 52/RATB
(T SIGNAL) CURRENT RELAY (OPEN>  (OPEN)  (OPEN) s
e § ] 4
B-ESSENTIAL SERVICE WATER PUMP .
B-COMPONENT COOLING WATER PUMP hGRAl 3 52/UNTB 52/RATB 52/EPSB Ergg\iE HeRy L ACTUATE\E%SS\GNAL
B-CONTAINVENT SPRAY/RESIDUAL HEAT REMOVAL PUN) (CLOSE)(CLOSE)(CLOSD) STOP  FALURE  FAILURE
B-SAFETY INJECTION PUMP (o)
B-EMERGENCY FEED WATER PUMP
[T+UV] ISOLATION VALVE T S+UVI ISOLATION VALVE
CLOSING SIGNAL CLOSING SIGNAL
(NOTET) TRAIN B. Q
(NOTE2) HIGH EXHAUST GAS TEMPERATURE,OVERSPEED,GENERATOR DIFFERENTIAL CURRENT. \L J/
(NOTE3) LOW PRESSURE LUBE OIL, HIGH TEMPERATURE LUBE OIL FAILED TO START,OVERCURRENT,ANTI MOTORING. CLOSE [ OPEN
(NOTE4) WHEN CONTROL AT REMOTE SHUTDOWN CONSOLEBRSC)\S SELECTED BY TRANSFER SWITCH PANEL, 52/EPSB
THESE CONTROL SIGNALS FROM RSC ARE OVERRIDER.

SH.NO.
4-2

Figure 8.3.1-2 Logic diagrams (Sheet 13 of 24)

B-Class 1E GTG starting initiation and circuit breaker closing

Tier 2 8.3-111 Revision 0
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6.9KV C BUS 6.9KV C BUS 6.9KV C BUS
DEGRADED VOLTAGE LOSS OF VOLTAGE LOW FREQUENCY
27A 278 27C 27A 278 27 81A 81B 81C
L I I I N e N e N N A _0C _ (uoree) C-£PS CONTROL BOARD
e [ R G e
THIS SH. SIc-2 sTop| N [STaRT stop | auro[smaRt]  [ReworE|LocA
1t i 1 L Colnfm]; | [l oo |
THIS SH. SIC-4
6-3 SIC-5
(10 SEC)Gy (20 SEC) N (0.8 SEC) Nz 05 s\ 6-3 SIC-6 R 3 SEC L
ECCS L
ACTUATION SIGNAL
RELATED RELATED
5:7"30 Z@f SQLNS' i\(/;:f [ TRIP | AUTO START BLOCK — -
C-PRESSURZER HEATER (BACK-UP GROLP) C-ESSENTIAL SERVICE WATER PUMP —
THIS SH. | UVG-2 REo. | SO | : L C—COMPONENT CDOLING WATER PUMP -
L THIS SH.| UFC—1 C-PRESSURIZER HEATER (BACK-UP GROUP) J/
ALARM ¥/
(MCR) e OC _ (NOTE4) 4 SEC
EATED | sionL SINCHRONZATON ~~ 3/C-EPS 2 %
RELATED | gioNaL | 52/UATC 52/RATC 2-3 | WC-3 w ——=— | L
Sg;NEO- | C(OPEND (OPEN) 273 Vot lOFFLO& ) HFNJAUTO [CLOSEI@ST_J
2-3_|sibve-2 E:; %:Z 0c
‘ ' SYNCHRONIZATION
| Creer ] ey
[ l 1) j
T )
I
c/NV ECCS 6.9KV C BUS
ISOLATION SIGNAL ACTUATION SIGNAL  INITIATION OF OVER | 52/AACC 52,/UATC 52/RATC
(T SIGNAD SIC=2 CURRENT RELAY (OPEN  (OPEN) (OPEN) s
o { ] 4 iy
C-ESSENTIAL SERVICE WATER PUMP 13
C—-COMPONENT COOLING WATER PUMP DUGRAY o 52/UATC 52/RATC 52/EPSC Eﬁg\?\lE HE/E\)Y &% AcmAﬁgﬁsteNAL
C-CONTAINVENT SPRAY/RESIDUAL HEAT REMOVAL PUMP) (CLOSE) CLOSEY(CLOSEY STOP FA\LU(SOEMJ FAILURE
C-SAFETY INJECTION PUMP
C~EMERGENCY FEED WATER PUMP
[T+UVI ISOLATION VALVE  T'S+UVI ISOLATION VALVE
CLOSING SIGNAL CLOSING SIGNAL
(NOTE1) TRAIN C. Q
(NOTE2) HIGH EXHAUST GAS TEMPERATURE,OVERSPEED,GENERATOR DIFFERENTIAL CURRENT. \L J/
(NOTE3) LOW PRESSURE LUBE QIL, HIGH TEMPERATURE LUBE OIL FAILED TO START,OVERCURRENT,ANTI MOTORING. CLOSE [ OPEN
(NOTE4) WHEN CONTROL AT REMOTE SHUTDOWN CONSOLEBRSC)\S SELECTED BY TRANSFER SWITCH PANEL, 52/EPSC
THESE CONTROL SIGNALS FROM RSC ARE OVERRIDER.
SH.NO.
4-3
Figure 8.3.1-2 Logic diagrams (Sheet 14 of 24)
C-Class 1E GTG starting initiation and circuit breaker closing
Tier 2 8.3-112 Revision 0



8. ELECTRIC POWER

US-APWR Design Control Document

0C__ (NorE4)
™ spes |

D-EPS CONTROL BOARD
[ 3/EPs ~  43/D-EPS

| slls] o)

T

6.9KV D BUS 6.9KV D BUS 6.9KV D BUS
DEGRADED VOLTAGE LOSS OF VOLTAGE LOW FREQUENCY
27A 278 27C  27A 278 27C  81A 818 81C
T T T
1 L Lt 1 1 e s TsoRa £CCS ACTUATION
THIS SH. SID-1 SIGNAL
THIS SH. SID-2
! { y { ! { THIS SH. SID-3
(23] (23] 23] THIS SH. SD—4
6-4 SID-5
(10 SEC)ED (20 SEC) W (08 SEC)GD 05 sec 6-4 SID-6 3 SEC
ECCS
ACTUATION SIGNAL J,
RELATED | SoNAL RELATED | sioNAL
S:-Nf- — SQ-NE- — TP AUTO START BLOCK
~ — TR T RELATED | o | |-C=CHARGING PUMP D-ESSENTIAL SERVICE WATER PUMP
L SH.NO. D-PRESSURZER HEATER (BACK-UP GROUP) | | D—COMPONENT COOLING WATER PUMP
L—{THis SH.| UFD-1 D-PRESSURIZER HEATER (BACK-UP GROLF)
ALARM GD
(MCR) - OC__ (NoTE4) 4 SEC
SHNG, | SIBNAL SWCHRONZATON ~ — 3/0-EPS R
RELATED | qiNAL | 52/UATD 52/RATD 2-4 | VD=3 [ = [
SH.NO. [oFF [ o] [opeN[ auro Jowose] @
COPEN) (OPEN) = =
2-4 | SIDVD-1 £ : 2-4 | Uvo-4 (== = |
2-4_|SIVD-2 | g:i Exg:g oc
NoLTAGe proTECTIO
' RESET 1 SYNCHRONIZATION
i

TRIP

D-ESSENTIAL SERVICE WATER PUMP

D-COMPONENT COOLING WATER PUMP

cév
ISOLATION SIGNAL
(T SIGNAL

L

ECCS 6.9kV D BU
ACTUATION SIGNAL  INITIATION OF OVER
CURRENT RELAY

SID-=2

FUNCTIONAL 4
DIAGRAM =~

Lea

52/AACD 52/UATD 52,/RATD
(OPEN)  (OPEN) (OPEN)

=
Y

=

ECCS
6.9kV D BUS  ACTUATION
LOW FREQUENCY SIGNAL

SD-3

52/UATD 52/RATD 52/EPSD

E—

EPS 861 6 ECCS
ENGINE  HEAVY L?Gf% ACTUATION SIGNAL

D*EONTNNMEI\ITSPRA‘(/RESDUALHEAT REMOVAL PUMP| (CLOSEX CLOSE) (CLOSE) STOP FA\LU[SOEM) FA\LU(E;U)
D—SAFETY INJECTION PUMP
B-CHARGING PUMP
[ T+UVJ ISOLATION VALVE [ S+UV] ISOLATION VALVE
CLOSING SIGNAL CLOSING SIGNAL
(NOTET) TRAIN D. Q
(NOTE2) HIGH EXHAUST GAS TEMPERATURE,OVERSPEED,GENERATOR DIFFERENTIAL CURRENT.
(NOTE3) LOW PRESSURE LUBE OIL, HIGH TEMPERATURE LUBE OIL FAILED TO START,OVERCURRENT,ANTI MOTORING. GLoSE [ OPEN
(NOTE4) WHEN CONTROL AT REMOTE SHUTDOWN CONSOLE(RSC)IS SELECTED BY TRANSFER SWITCH PANEL, 52/EPSD
THESE CONTROL SIGNALS FROM RSC ARE OVERRIDER.
SH.NO.
4—4
Figure 8.3.1-2 Logic diagrams (Sheet 15 of 24)
D-Class 1E GTG starting initiation and circuit breaker closing
Tier 2 8.3-113 Revision 0
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(NQOTET) TRAIN N.

6.9KV P1 BUS
LOSS OF VOLTAGE
27A 278 27¢

RELATED SH.NO.

SIGNAL

UVP1-1

UVP1-2

UVP1-3

UvP1-4

? 3-1
3-1
3-1
THIS SH.
7-1

UVWP1-5

TRIP

A-NON-ESSENTIAL CHILLER UNIT

B-NON-ESSENTIAL CHILLER UNIT

A-CRDM COOLING FAN

A-TURBINE COMPONENT COOLING WATER PUMP

0[0 A-MC CONTROL BOARD
[ spmc 1 [ 7 A T E/ANG |
ETOP[ [SIARL‘ L‘;)UU%L[STOP[AUTO[STARI] [MUT{[LOCM
. 6.9V P1 BUS
L0SS OF VOLTAGE
SQSEC (R
A-MAC START
L1
0C A-AAC CONTROL BOARD
SYNCHRONIZATION TIAMC ] T 3/A-MC SYNCHRONIZATION SYNCRRREOUX\YMON
wﬁ[ oN] %%LTL[OPEN[AUTO[CLO&‘ | [ o [wmofowos]]  [orF[on]  [EG25x ] |
CS-1 ’ CS-1
L
6.9KV P1 BUS
INITIATION OF OVER 52 /UATP1 52/RATP1
CURRENT RELAY  (OPEN) (OPEN) MC
ENGNE  AAC
STOP  FAILURE
(NorE2)

(NOTE2) EXHAUST GAS TEMPERATURE HIGH HIGH, OVERSPEED, START FAILURE, CONTROLLER FAILURE.
LUBRICATING OIL TEMPERATURE HIGH HIGH, LUBRICATING OIL PRESSURE LOW.

{:

CLOSE | OPEN

52/AACAP

Tier 2

SH.NO.
5—1
Figure 8.3.1-2 Logic diagrams (Sheet 16 of 24)
A-AAC GTG starting initiation and circuit breaker closing
8.3-114 Revision 0
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6.9KV P2 BUS
LOSS OF VOLTAGE
27A 278 27C
B-AC CONTROL BOARD

LLn e = I
ETOP[ [STARTIJ‘ L‘;“UH S0P [ w0 [s1ART] lREMGTE[LOCM
[ J— T RN I I

(0.8 SEC) % K
I

. 6.9kv P2 BUS

LOSS OF VOLTAGE

RELATED SH.NO. [SIGNAL g T
’ 3-2 UvP2-1 4 SEC
39 WP2—7 B-MAC START
3-2 uvP2-3
THIS SH. UVP2-4 -
7-2 uvP2-5
0C B-AAC CONTROL BOARD
SYNCHRONIZATION ~ TiBMC T 3/B-MC SYNCHRONIZATION  SYNCHRONIZATION

| [orF[on]  [FE o o fost] | { [EF[open] o foos]  [orF[on]  [EG25X ] |
T T
i

TRIP B.9kV P2 BUS
C—NON-ESSENTIAL CHILLER UNIT INITIATION OF OVER 52 /UATP2  52/RATP2
D-NON-ESSENTIAL CHILLER UNIT CURRENT RELAY  (OPEN) (OPEN) "
B~CROM COOLING FAN ENGINE MC
B-TURBINE COMPONENT COOLING WATER PUMP STOP  FAILURE
(NoTE2)

{:

CLOSE | OPEN
52/AACBP

(NOTET) TRAIN N.
(NQTE2) EXHAUST GAS TEMPERATURE HIGH HIGH, OVERSPEED, START FAILURE, CONTROLLER FAILURE.
LUBRICATING OIL TEMPERATURE HIGH HIGH, LUBRICATING OIL PRESSURE LOW.

SH.NO.
5-2

Figure 8.3.1-2 Logic diagrams (Sheet 17 of 24)

B-AAC GTG starting initiation and circuit breaker closing

Tier 2 8.3-115 Revision 0
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CONTROL ROOM C
6.9KV A BUS ECCS ACTUATION ISOLATION 6.0KV A BUS =
CV SPRAY ?%{g%% ?%{8@{? 5(2 L%pg% VOLTAGE PROTECTION SIGNAL SIGNAL 52/EPSA 52/UATA  2ND DEGRADED VOLTAGE 3/BOA
SIGNAL (A5 ] SA+ ECCS ACTUATION  (CLOSE) (closp = 6.9KV A BUS
SIGNAL VOLTAGE PROTECTION
A5 | VA6 D)
X 60SEC
» tjw SEC
B Y
30SEC ﬁ
!
L L]
N %
SP—1 sp-2 S-1  S-2 S-3 S—-4 S-5 S-6 S-7 S8 BO-1 BO-2 BO-3 BO—4 BO-5 BO-6 BO-7
STEP CONNECTED | TINER STEP CONNECTED | TINER STEP CONNECTED | TIMER
NO. NAME BUS  [seTvaLug REMARKS| Sy NAME BUS  |seT vaLug] REMARKS NO. NAME BUS  [seT vaLLg REMARKS
SP—1 MOV OPERATED BY SP SIGNAL MCC(A TRAIN) | —— SI-6 A-EMERGENCY FEED WATER PUMP — 20SEC BO—1 |MOTOR CONTROL CENTER EQUIPMENT ~ [MCC—A — %3
A-CONTAINMENT SPRAY / P\—CLASS 1E ELECTRICAL ROOM
SP—2 ["RESDUAL HEAT RENOVAL PUMP  [-9KV A-BUS | 30SEC ST AR A DING TR 480V A-BUS | 40SEC | (NOTE?) BO—2 A—CHARGING PUMP 6.9KV A-BUS | 5SEC
Sl=1 MS%%PES’Q%%FES&%%N?@WW mgggww) — ¥ SI-8 A—ESSENTIAL CHILLER UNIT 480V A-BUS | 50SEC BO—J |- COMPONENT CODLING WATER PUMP  |6.9KV A-BUS | 10SEC
° A—ESSENTIAL SERVICE WATER PUMP 6.9KV A-BUS
SI=2 MOTOR CONTROL CENTER EQUIPMENT ~ MCC—AA1 — %2 BO—4 |\ FScENTIAL CHILLED WATER PUMP NCCA 15SEC
S|—3 —SAFETY INJECTION PUMP 6.9KV A-BUS | 5SEC BO—5 A—EMERGENCY FEED WATER PUMP —— | 20sEC
IA~COMPONENT COOLING WATER PUMP [6.9KV A-BUS A—CLASS 1E ELECTRICAL ROOM
SI=4 | ZESSENTIAL CHILLED WATER PUMP MCC-A 10SEC BO—6 [ A HANDLING DT 480V A=BUS | 30SEC | (NOTE2)
§|—5 |A-ESSENTIAL SERVICE WATER PUMP |5 9kv A—BUS | 15SEC BO—7 A—ESSENTIAL CHILLER UNIT 480V A-BUS | 40SEC
X 1 REMARKS ¥ 2 REMARKS X 3 REMARKS
A-ANNULUS EMERGENCY EXHAUST A-MAIN CONTROL ROOM A—MAIN CONTROL ROOM
FILTRATION UNIT FAN AR HANDLING UNIT AR HANDLING UNIT (NOTEZ)
A-ANNULUS EMERGENCY EXHAUST A-MAIN CONTRAOL ROOM A-SATEGUARI MPONENT AREA AR (NOTEZ)
FILTRATION UNI EMERGENCY FILTRATION UNIT HANDLING UNIT
AN ERD FOWPONENT AREA AR 1 (n ore) A R R UNIT FaN A-CLASS 1E BATTERY ROOM EXHAUST FAN
A-CLASS 1E BATTERY ROOM EXHAUST FAN A RO SEr TR PUVPTT/D) | o7E2)
A—EMERGENCY FEED WATER PUMP(T/D,
AREA AR HANDLING UNIT (NOTE2)
(NOTE1) TRAIN A SH.NO.
(NOTE2) HANDLING UNITS HAVE A FAN AND A REHEATING COIL. AFTER STARTING SIGNAL RECEIVING 61
A FAN STARTS AND A REHEATING UNITS STARTS IF AREA TEMPERATURE MAKES SET VALUE.

Figure 8.3.1-2 Logic diagrams (Sheet 18 of 24)

Class 1E train A LOOP and LOCA load sequencing

Tier 2 8.3-116 Revision 0
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CONTROL ROOM
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CVSPRAY 52/RATB 52/UATB  52/EPSB VOLTAGE PROTECTION SIGNAL SIGNAL
SGNAL  (CLOSE)  (CLOSD)  (CLOSE) ST
X
30EC
vV
SP-1 P2 S-1 S-2 S-3 S-4 S5 S-6 S-7 S8

STEP CONNECTED | TIMER STEP CONNECTED | TIMER
NO. NAME BUS  [sET VALUE|REMARKS | "o, NAME BUS  [sET VLU REMARKS
SP—1 [MOV OPERATED BY SP SIGNAL MCC(B TRAN) —— SI-6 B-EMERGENCY FEED WATER PUMP |6.9Kv B-BUS| 20SEC

B—CONTAINMENT SPRAY / B-CLASS 1E ELECTRICAL ROOM
SP=2 I"RESIDUAL HEAT REMOVAL PUMP  |6-9KV B-BUS| 30SEC SI=7 [k HANDLING UNIT 480V B-BUS| 40SEC | (NOTE2)

0V OPERATED BY SI SIGNAL MCC(B TRAIN)
SI=1 N0TOR CONTROL CENTER EQUIPMENT MCo-BAT | —— |* SI-8 B—ESSENTIAL CHILLER UNIT  |480v B-BUS | 50SEC
S|—2 MOTOR CONTROL CENTER EQUIPMENT |MCC-BA1 | —— |2
Sl—3 B-SAFETY INJECTION PUMP 6.9KV B-BUY 5SEC
G4 [B-COMPONENT COOLNG WATER PUMP  [6.9KV B-BUS| {0

B-ESSENTIAL CHILLED WATER PUMP | MCC-B
G|—5 B-ESSENTIAL SERVICE WATER PUMP |g.9kv B—BUS| 15SEC

K REMARKS x 2 REMARKS

- ONENT AREA AR B-—MAIN CONTROL ROOM
HANDLING UNIT (NOTE2) AR HANDLING UNIT

B—CLASS 1E BATTERY ROOM EXHAUST FAN

B—ENERGENCY FEED WATER PUMP(M/D
AREA AIR HANDLING UNIT WD) (NOTE2)

ECCS ACTUATION
SIGNAL

SB-5

ik

0C
6.9KV B BUS
52/EPSB 52/UNTB 2NDDEGRADED VOLTAGE 3/B0A
(CLOSD (CLOSE) 6.9KV B BUS
VOLTAGE PROTECTION

%

[0B-6]

mp

S?OSEC

o

BO-1  BO -3 BO-4 BO-5 BO-6

STEP CONNECTED | TIMER
NO. NAME BUS  [se7 vALUE REMARKS
BO—1 MOTOR CONTROL CENTER EQUIPMENT ~ [MCC-B — %3
BO—2 B-COMPONENT COOLING WATER PUMP |6.9KV B—BUS| 10SEC
B-ESSENTIAL SERVICE WATER PUMP 6.9KV B-BUS
BO—3 [p_ESSENTIAL CHILLED WATER PUNP MCC-B 15SEC
BO—4 B-EMERGENCY FEED WATER PUMP 6.9KV B-BUS| 20SEC
B-CLASS 1E ELECTRICAL ROOM
BO-5 " AR HANDLING UNIT 480V B-BUS | 30SEC | (NOTE2)
BO-6 |B-ESSENTIAL CHILLER UNIT 480V B-BUS | 40SEC

X S REMARKS

B-MAIN CONTROL ROOM
AR HANDLING UNIT (NOTE2)

B-SAFEGUARD COMPONENT AREA AR

HANDLING UNIT (NOTE2)

B-CLASS 1E BATTERY ROOM EXHAUST FAN

B—EMERGENCY FEED WATER PUMP(M,/D,
AREA AR HANDLING UNIT W/2Y norez)

(NOTE1) TRAIN B SH.NO.
(NOTE2> HANDLING UNITS HAVE A FAN AND A REHEATING COIL. AFTER STARTING SIGNAL RECEIVING 6—2
A FAN STARTS AND A REHEATING UNITS STARTS IF AREA TEMPERATURE MAKES SET VALUE.
Figure 8.3.1-2 Logic diagrams (Sheet 19 of 24)
Class 1E train B LOOP and LOCA load sequencing
Tier 2 8.3-117 Revision 0
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CONTROL ROOM oc
6.9KV C BUS ECCS ACTUATION ISOLATION 5.9KV C BUS ==
CV SPRAY  52/RATC 52/UATC 5(2 L%PSSE(): VOLTAGE PROTECTION SIGNAL SIGNAL 52/EPSC 52 /UATC 2ND DEGRADED VOLTAGE 3/BO0A
SIGNAL  (CLOSD) (CLoSE) (5] o ECCS ACTUATION  (CLOSD) (cLOSD — 69KV C BUS
SIGNAL VOLTAGE PROTECTION
-5 -6 N
4 60SEC
tjw SEC
X
30SEC ﬁz
v
E— L]
N
SP—1 sP-2 S-1 S-2  S=3  S-4 S5 S-6  S-7 S8 B0-1 BO-2 BO-3 BO-4 BO-5 BO-6
STEP CONNECTED | TINER STER CONNECTED | TINER STEP CONNECTED | TIMER
NO. NAME BUS  [ser vaLug REMARKS | S0 NAME BUS  [seT vaLug| REMARKS NO. NAME BUS  [ser vaLug REMARKS
SP—1 MOV OPERATED BY SP SIGNAL MCC(C TRAIN)| —— SI—6 |[C~EMERGENCY FEED WATER PUMP |6.9Kv C~BUS| 20SEC BO—1 MOTOR CONTROL CENTER EQUIPMENT ~ |MCC—C — %3
C—CONTAINMENT SPRAY / C—CLASS 1E ELECTRICAL ROOM
SP=2 " RE<IDUAL HEAT REMOVAL PUMP  [B-9KV C—BUS| 30SEC SI=T AR SANDLING DN 480V C—BUS | 40SEC | (NOTE2) BO—2 [c—COMPONENT COQLING WATER PUMP |5.9KV C—BUS| 10SEC
MOV OPERATED BY SI SIGNAL Moo(C TRANY| [, ~ C—ESSENTIAL SERVICE WATER PUMP 6.9k C—BUS
SI=1 MOTOR CONTROL CENTER EQUPNENT oo, *1 S/-8 [C—ESSENTIAL CHILLER UNIT |80V C=BUS | 50SEC BO—3 |C_£SSENTIAL CHILLED WATER PUMP~ cC—C 155EC
SI—2 MOTOR CONTROL CENTER EQUIPMENT ~ MCC-C,D1 | —— |2 BO—4 |[c—~EMERGENCY FEED WATER PUMP  [6.9KV C—-BUS | 20SEC
= _r [C—CLASS 1E ELECTRICAL ROOM
S|—3 [C-SAFETY INJECTION PUMP 6.9KV C—BUS| 5SEC BO-5 AR HANDLING UNIT 480V C-BUS | 30SEC | (NOTE2)
C—COMPONENT CODLING WATER PUMP 6.9KV C—BUS
SI=4 C ESSENTAL CHILLED WATER PWP. icc-c 10SEC BO-6 [c-ESSENTIAL CHILLER UNIT 480V C-BUS | 40SEC
SI—5 (C~ESSENTIAL SERVICE WATER PUMP |6.9KV C~BUS| 15SEC
X 1 REMARKS ¥ 2 REMARKS X 3 REMARKS
C—SAFEGUARD COMPONENT AREA AR C~MAIN CONTROL ROOM C—MAIN CONTROL ROOM
HANDLING UNIT (NOTE2) AR HANDLING UNIT AR HANDLING UNIT (NoTE2)
C-CLASS 1E BATTERY ROOM EXHAUST FAN Cgi@%ﬁzéRBN%EMPONENT AREA AR (NOTEZ)
O UEROENCY DG UNER POMPO/DY (n ore ) C-CLASS 1E BATTERY ROOM DXHAUST FAN
C—EMERGENCY FEED WATER PUMP(M D)
AREA AIR HANDLING UNIT (NOTE2)
(NOTET) TRAIN C SH.NO.
(NOTE2) HANDLING UNITS HAVE A FAN AND A REHEATING COIL. AFTER STARTING SIGNAL RECEIVING 6—3
A FAN STARTS AND A REHEATING UNITS STARTS IF AREA TEMPERATURE MAKES SET VALUE.
Figure 8.3.1-2 Logic diagrams (Sheet 20 of 24)
Class 1E train C LOOP and LOCA load sequencing
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CONTROL ROOM oc
6.9KV D BUS ECCS ACTUATION ISOLATION 6.9KV D BUS —
CV SPRAY t?%{gég) :(azc/uu)ég) 5(2 L%ESS VOLTAGE PROTECTION SIGNAL SIGNAL AT 52/EPSD 52/UATD 2ND DEGRADED VOLTAGE 3/BOA
SIGNAL (005 | SiD-4 ECCS ACTUATION  (CLOSE) (CLOSE) - 6.9KV D BUS RESET
SIGNAL VOLTAGE PROTECTION
Sb-5 | WWD-6
X {
B X %
30SEC
%
SP-1 SP-2 S-1  S-2 S-3 S-4 S5 Sl-6 SI-7  SI-8 BO-1 BO-2 BO-3 BO-4 BO-5 BO-6 BO-7
STEP CONNECTED | TIMER STEP CONNECTED | TIMER STEP CONNECTED | TIMER
NO. NAME BUS [ser vaLUE| REMARKS ] "o, NAME BUS  [seT vaLug] REMARKS NO. NAME BUS  [seT VALUE REMARKS
SP—1 [MOV OPERATED BY SP SIGNAL MCC(D TRAN) —— SI-6 [D-EMERGENCY FEED WATER PUMP — | 20sEC BO—1 MOTOR CONTROL CENTER EQUIPMENT ~ [MCC-D — %3
D—CONTAINMENT SPRAY / D-CLASS 1E ELECTRICAL ROOM
SP=2 |” RESIDUAL HEAT REMOVAL PUMP 6.9KV D-BUS| 30SEC SI=7 AR HANDLING UNIT | 480V A-BUS | 40SEC | (NOTE2) BO—-2 B-CHARGING PUMP 6.9KV D-BUS| 55EC
MOV OPERATED BY S| SIGNAL MCC(D TRAN)| __ _
SI=1" }OTOR CONTROL CENTER EQUIPMENT MCC-D,D1 1 S1-8 D—ESSENTIAL CHILLER UNIT  |480v A-BUS | 50SEC BO—3 p-COMPONENT COOLING WATER PUMP |6.9KV D—BUS| 10SEC
. D-ESSENTIAL SERVICE WATER PUMP 6.9KV D-BUS|
SI—2 MOTOR CONTROL CENTER EQUIPMENT  |MCC-D,D1 %2 BO—4 D)_ESSENTIAL CHILLED WATER PUMP NCCD 15SEC
SI=3 —SAFETY INJECTION PUMP 6.9KV D-BUS| 5SEC BO—-5 D-EMERGENCY FEED WATER PUMP —_ 20SEC
D-COMPONENT COOLING WATER PUMP  (6.9KV D—-BUS D—CLASS 1E ELECTRICAL ROOM
SI=4 pZESSENTAL CHILLED WATER PUMP |McC-D | 1SEC BO-6 [AR HANDLING UNIT 480V D-BUS | 30SEC | (NOTE2)
S|—5 [P—ESSENTIAL SERVICE WATER PUMP |6.9Kv D-BUS| 15SEC BO—7 P-ESSENTIAL CHILLER UNIT 480V D-BUS | 40SEC
¥ 1 REMARKS X 2 REMARKS X 3 REMARKS
B—-ANNULUS EMERGENCY EXHAUST [D=MAIN CONTROL ROOM D-NAN CONTROL ROOM
FILTRATION UNIT FAN AIR HANDLING UNIT AIR HANDLING UNIT (NOTE2)
B—ANNULUS EMERGENCY EXHAUST D—MAIN CONTROL R = ONENT AREA (NOTE2)
B e i e e
AIR HANDLING UNIT (NOTE2) EMERGENCY FILTRATION UNIT FAN D-CLASS 1E BATTERY ROOM EXHAUST FAN
D-CLASS 1E BATTERY ROOM EXHAUST FAN D ENERGENCY FEED WATER PUMP(T/D)[ (vor2)
AREA AIR HANDLING UNI
D-EMERGENCY FEED WATER PUMP(T/D)
AREA AIR HANDLING UNIT (NOTE2)

(NOTE!) TRAIN D SH.NO.
(NOTE2) HANDLING UNITS HAVE A FAN AND A REHEATING COIL. AFTER STARTING SIGNAL RECEIVING 6—4
A FAN STARTS AND A REHEATING UNITS STARTS IF AREA TEMPERATURE MAKES SET VALUE.
Figure 8.3.1-2 Logic diagrams (Sheet 21 of 24)
Class 1E train D LOOP and LOCA load sequencing
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\—ESSENTIAL CHILLER UNIT B—ESSENTIAL CHILLER UNIT
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BO—7 A-REACTOR CAVITY CODLING FAN480V P1-BUS | 35SEC BO—7 [B-REACTOR CAVITY COOLING FAN4BOV P2-BUS | 35SEC
% 1 REMARKS * 2 REMARKS
A-NON-CLASS 1E BATTERY ROOM B—NON-CLASS 1E BATTERY ROOM
EXHAUST FAN EXHAUST FAN

SH.NO.
/=1

(NOTED) TRAIN N

Figure 8.3.1-2 Logic diagrams (Sheet 22 of 24)

Non-Class 1E permanent bus P1 and P2 LOOP load sequencing
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A CLASS 1E A CLASS 1E B CLASS 1E B CLASS 1E
STATION SERVICE oc STATION SERVICE 480\/ A BUS STATION SERVICE oc STATION SERVICE 480V B BUS
TRANSFORMER e — TRANSFORMER e TRANSFORMER e TRANSFORMER
TS NITIATI T T INITIAT T W
INITIATION OF DIFFERENTIAL : ——S/w-— j‘ INITIATION OF DIFFERENTIAL OVER CURRENT S&{STFSA — W-— 7‘ INITIATION OF DIFFERENTIAL ‘ ——S/W-— 7‘ INITIATION OF DIFFERENTIAL UVER CURRENT 5€O/ST?‘SB F 7
RELAY LOPEN cmsa J RELAY OPEN LOSE| J RELAY LOPEN Emse J RELAY OPEN (CLOSE| J
y
OPEN [ CLOSE OPEN [ CLOSE OPEN [ CLOSE OPEN [ CLOSE
SZ/STHA 52/STLA 52/STHB 52/STLB
STATION SERVICE STATION SERVCE STRTION SLRVICE STATION SERVICE
TRANSFORMER Q—Cizi, . TRANSFORMER 450V C_aUS QL,i,T TRANSFORMER JQ:/,i, . TRANSFORMER 450V D_BUIS QL,i,T
/W
INITIATION OF DIFFERENTIAL | _—=" ~— | INITIATION OF DIFFERENTIAL OVER CURRENT 52 /STHC — — INITIATION OF DIFFERENTAL |} —— ~— | INITIATION OF DIFFERENTIAL OVER CURRENT 52 /STHD — -
RELAY LOPEN cwqu RELAY RELAY (OPEN) LOPEN ELGSEJ RELAY LOPEN ELGSEJ RELAY RELAY (OPEN) LDPEN ELOSEJ
v
OPEN | CLOSE OPEN | CLOSE OPEN | CLOSE OPEN | CLOSE
52/STHC 52/STLC 52/STHD 52/STLD

Figure 8.3.1-2 Logic diagrams (Sheet 23 of 24)

Class 1E 480V bus A, B, C and D incoming circuit breaker tripping and closing

SH.NO.

8—1

Tier 2

8.3-121

Revision 0



8. ELECTRIC POWER

US-APWR Design Control Document

480V A BUS
27A 27B 27C

L (L |L

480V B BUS
27A 278 27C

1 /L |L

480V C BUS
27A 278 27C

L |t |L

480V D BUS
27A 27B 27C

11 |L

2/3 2/3 2/3 2/3
7 (0.8 SEC) I (0.8 SEC) 7 (0.8 SEC) (0.8 SEC)
TRIP TRIP TRIP TRIP
A—CLASS TE ELECTRICAL ROOM AIR —CLASS TE ELECTRICAL ROOM AR C—CLASS TE ELECTRICAL ROOM AIR —CLASS TE ELECTRICAL ROOM AR
HANDLING UNIT ELECTRICAL HEATER HANDLING UNIT ELECTRICAL HEATER HANDLING UNIT ELECTRICAL HEATER HANDLING UNIT ELECTRICAL HEATER
/A-PRESSURIZER I-SEATER —PRESSURIZER I-{EATER —PRESSURIZER HEATER —PRESSURIZER I-{EATER
(BACK-UP GROUP BACK-UP GROUP. BACK—UP _GROUP. BACK-UP GROUP
A-SPENT FUEL PIT PUMP IA—SPENT FUEL PIT PUMP B—SPENT FUEL PIT PUMP B—SPENT FUEL PIT PUMP
A—ESSENTIAL CHILLER UNIT TRAIN A B—ESSENTIAL CHILLER UNIT TRAIN B C—ESSENTIAL CHILLER UNIT TRAIN C D—ESSENTIAL CHILLER UNIT TRAIN D
SH.NO.
8§-2
Figure 8.3.1-2 Logic diagrams (Sheet 24 of 24)
Class 1E 480V bus A, B, C and D load shedding
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Tier 2

ACLASS 1 A CLASS 1 LASS 1 LASS 1
480 ol A Sy e Sedr hiec”
) A DC SWITCHBOARD ) ) B DC SWITCHBOARD )
‘ l) ‘ l)
A UPS UNIT [ I A1&C POWER B UPS UNIT [ I B 1&C POWER
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D) ‘) D) ‘)
SWITCHING SWITCHING
CIRCUIT £ L CRCUT £ L
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D) D)
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2:ALL 120V BUSES ARE SINGLE PHASE
3:SWITCHING BETWEEN EACH UPS UNIT AND TRANSFORMER IS ONLY DONE
BY USING UNDER VOLTAGE SWITCHING AUTOMATICALLY.
RETURNING FROM TRANSFORMER TO INVERTER IS SWITCHED MANUALLY.
C CLASS 1E C CLASS 1E D CLASS 1E D CLASS 1E
480V Mce 480V MoC 480V M 480V NCC
) C DC SWITCHBOARD ) D DC SWITCHBOARD )
‘ l) l)
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o s . "y s ol
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Figure 8.3.1-3

120V AC | & C power supply panels (Sheet 1 of 2)
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| | | | | | | | | 2:UPS UNITIS FED DC POWER FROM PLANT NON~CLASS 1E BATTERY DURING
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D) D) D) D) D) D) D) D)
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Figure 8.3.1-3 120V AC | & C power supply panels (Sheet 2 of 2)
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Security-Related Information — Withhold Under 10 CFR 2.390

Figure 8.3.1-4 Class 1E electrical equipment layout (Sheet 1 of 2)
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~

Security-Related Information — Withhold Under 10 CFR 2.390

Figure 8.3.1-4 Class 1E electrical equipment layout (Sheet 2 of 2)
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ACLASS 1E B CLASS 1E P11 NON-CLASS 1E P22 NON-CLASS 1E
480V MCC 480V McC 480V NCC 480V MCC
NOTE1 —_— —_ T
| \) \) \)
A BATTERY B BATTERY 'AB SPARE BATTERY
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2. BATTERY AMPERE-HOUR RATING IS BASED ON 8HOURS DISCHARGED RATE.
3. SEE FIGURE 8.3.1-3(SHEET1 OF 2)
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Figure 8.3.2-1 DC Power Distribution System (Sheet 1 of 2)
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8.4 Station Blackout
8.4.1 Description
8.41.1 Regulatory Requirements

10 CFR 50.63 (Reference 8.2-5) “Loss of All Alternating Current Power” (SBO rule)
requires the following:

1. Each light-water-cooled nuclear power plant licensed to operate must be able to
withstand for a specified duration and recover from an SBO as defined in 10 CFR
50.2 (Reference 8.2-13). The specified station blackout duration shall be based
on the following factors:

o  The redundancy of the onsite emergency ac power sources
o  The reliability of the onsite emergency ac power sources

o  The expected frequency of loss of offsite ac power source
o  The probable time needed to restore offsite power

2. The reactor core and associated coolant, control, and protection systems,
including station batteries and any other necessary support systems, must provide
sufficient capacity and capability to ensure that the core is cooled and that the
appropriate containment integrity is maintained in the event of an SBO for the
specified duration. The capability for coping with an SBO of specified duration
shall be determined by an appropriate coping analysis.

The term “Station Blackout” as defined in 10 CFR 50.2 (Reference 8.2-13) means the
complete loss of ac electric power to the essential and non essential switchgear buses in
a nuclear power plant (i.e., the loss of offsite electric power system concurrent with a
turbine trip and the unavailability of the onsite emergency ac power system). An SBO
does not include the loss of available ac power to buses fed by the station batteries
through inverters or by AAC sources, nor does it assume a concurrent single failure or
PA.

In accordance with 10 CFR 50.63(c)(2) (Reference 8.2-5), AAC power sources as
defined in 10 CFR 50.2 (Reference 8.2-13) constitute acceptable capability to withstand
an SBO provided an analysis is performed which demonstrates that the plant has that
capability from the onset of an SBO until the AAC and required shutdown equipment are
started and lined up to operate. AAC source(s) serving a multiple unit site where
emergency ac sources are not shared between units must have, as a minimum, the
capacity and capability for coping with an SBO in any of the units. If the AAC meets the
above requirements and can be demonstrated by testing that power is available to the
shutdown buses within 10 minutes from the onset of an SBO, then no coping analysis is
required.

Tier 2 8.4-1 Revision 0
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8.4.1.2 Design Description

The offsite electrical connections to the plant onsite safety and non safety electrical
systems and the operation during normal and emergency conditions are described in
detail in Section 8.2.

Offsite ac electric power is provided to the onsite ac power system from the grid and
other generating stations by at least two physically independent transmission lines. One
of these two transmission tie lines connects to the high voltage side of the MT, and the
other connects to the high voltage side of the RATs. The MG is connected to the low
voltage side of the MT and the high voltage side of the UATs. The normal offsite ac
power source for non-Class 1E MV buses N1, N2, N3, N4, N5 and N6 is through the
UATs and the alternate ac power source is through the RATs. The normal power ac
source for non-Class 1E MV buses P1 and P2 and the Class 1E MV buses A, B, C and
D is through the RATs and the alternate ac power source is through the UATs. Both
normal and alternate ac power sources have the capability to serve the total plant
auxiliary loads during all modes of plant operation including PA conditions. If power is
not available through the normal offsite ac power source, power supply to the onsite ac
electric system is transferred automatically to the alternate offsite ac power source.

The onsite Class 1E electrical distribution system connections and operation during
normal and emergency conditions are described in detail in Section 8.3. The onsite
Class 1E electrical distribution system consists of four physically separate and
electrically isolated trains A, B, C, and D. The availability of any two trains is adequate
to meet the electrical load requirement during LOOP, and LOOP and LOCA occurring
simultaneously. Each train consists of 6.9 kV, 480 V, and 120 V ac, and 125 V dc
distribution systems. Each train is backed up by an independent Class 1E GTG
connected to the Class 1E 6.9 kV bus. The required SBO coping duration for US-APWR
is based on the target reliability of 0.95 per demand for each Class 1E GTG consistent
with the guidelines in Section C.1.1 of RG 1.155 (Reference 8.3.1-21).

The offsite and onsite power system design fully conforms to the requirements of 10
CFR 50, Appendix A, GDC 17 and 18 (Reference 8.1-3).

During an SBO, all offsite ac sources and the onsite Class 1E GTGs are assumed to be
inoperable. Since provision of AAC sources constitute an acceptable capability to
withstand an SBO in accordance with 10 CFR 50.63(c)(2) (Reference 8.2-5), two non-
Class 1E GTGs are provided as AAC sources. In accordance with 10 CFR 50.63(c)(2)
(Reference 8.2-5), analysis is required to demonstrate that the plant has the capability to
cope with an SBO from the onset of the SBO until the AAC and the required shutdown
equipment are started and lined up to operate. However, in accordance with 10 CFR
50.63(c)(2) (Reference 8.2-5), coping analysis is not required if the AAC source can be
demonstrated to be available to power shutdown buses within 10 minutes of the onset of
the SBO. In the US-APWR design, power to the shutdown buses can be restored from
the AAC sources within 60 minutes and, hence, coping analysis for a duration of 60
minutes is performed. Availability of power from the AAC GTG to one Class 1E 6.9kV
bus within 60 minutes is verified by actual field testing. A detailed coping analysis is
included in Subsection 8.4.2.1.2.

Tier 2 8.4-2 Revision 0



8. ELECTRIC POWER US-APWR Design Control Document

8.4.1.3 Alternate AC Power Sources

AAC power sources and their connections to the onsite and offsite ac power systems
meet the requirements of RG 1.155 (Reference 8.3.1-21).

Two full capacity 4000 kW, 6.9 kV non-Class 1E GTGs (A and B) are provided as AAC
sources and any one of these two GTGs can meet the SBO load requirements shown in
Table 8.3.1-6 for the time required to bring and maintain the plant in a safe shutdown
condition. Two AAC GTGs are provided for operational flexibility and enhanced
reliability, even though the provision of one AAC GTG is adequate to meet the
requirements of RG 1.155 (Reference 8.3.1-21). RG 1.155 Appendix B (Reference
8.3.1-21) does not require a single failure criterion to be applicable to the AAC power
source. Hence, the provision of two 100% capacity AAC sources will provide greater
US-APWR reliability for coping with an SBO event than what is intended by RG 1.155
(Reference 8.3.1-21). The AAC power sources reach set voltage and frequency within
100 seconds from receiving the starting signal.

To minimize the potential for common mode failures with the Class 1E GTGs, different
rating GTGs with diverse starting system are provided as AAC sources. The auxiliary
and support systems for the AAC GTGs are independent and separate from the Class
1E GTGs to minimize the potential for common mode failures. Completely separate and
independent fuel supply systems and onsite fuel storage tanks are provided for the
Class 1E GTGs and for the non-Class 1E AAC GTGs.

The A-AAC GTG and B-AAC GTG are located in separate rooms in the PS/B. A-AAC
GTG is connected to the non-Class 1E 6.9 kV permanent bus P1 through a selector
circuit A. Similarly, B-AAC GTG is connected to the non-Class 1E 6.9 kV permanent bus
P2 through a selector circuit B. The selector circuit consists of one circuit breaker
connected to the AAC source and three disconnect switches. The disconnect switches
in the selector circuit A are connected to the 6.9 kV buses P1, A and B (or P2, C and D
for selector circuit B) through tie lines, as shown in Figure 8.3.1-1.

The A-AAC GTG and B-AAC GTG are connected to the circuit breakers in selector
circuits A and B, respectively. The selector circuits A and B are located in the T/B. The
non-Class 1E 6.9 kV and 480 V permanent power supply systems P1 and P2 are
located in the T/B electrical room. These AAC GTG circuit breakers in the selector
circuits A and B are normally open and the AAC power sources are not normally
connected directly to the plant offsite or onsite power system. The Class 1E circuit
breakers in the Class 1E MV switchgears are connected to the disconnect switches
(non-Class 1E) in the selector circuits A and B as shown in Figure 8.3.1-1. The non-
Class 1E disconnect switches in the selector circuits A and B, and the Class 1E
incoming circuit breakers in the Class 1E MV switchgear from the AAC GTG are
normally open and do not have any automatic closing function. They perform the
isolation between the Class 1E and the non-Class 1E system. This meets RG 1.155,
Appendix B (Reference 8.3.1-21) requirements for isolation between AAC sources and
the onsite and offsite power systems.

The different rating and diverse starting mechanism of the AAC sources from the
emergency ac power sources, the location of AAC sources in separate rooms, the
independent auxiliaries, and the interconnections to the offsite and onsite emergency ac
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power systems ensure that no single point of vulnerability exists. Therefore, a weather-
related event or a single failure could not disable all the onsite emergency ac sources
and offsite ac power supplies simultaneously along with all the AAC sources.

The AAC sources can be started and connected manually to the onsite Class 1E MV
buses within 60 minutes during SBO conditions.

The restoration of power from any one of the AAC sources to any one of the onsite
Class 1E MV buses (A-AAC GTG to the Class 1E 6.9kV buses A or B, or B-AAC GTG to
the 6.9kV Class 1E buses C or D) is adequate to cope with the SBO condition. The
sequence of switching operations for restoring power to the Class 1E 6.9kV buses A or
B from the A-AAC GTG during an SBO is described in the following procedure. The
sequence of switching operations for restoring power from the B-AAC GTG to the Class
1E 6.9kV buses C or D during an SBO is similar:

1. The A-AAC GTG is started automatically by the undervoltage signal on the
6.9 kV permanent bus P1 due to LOOP.

2. The incoming breakers from the offsite power supply sources to the 6.9 kV
permanent bus P1 are tripped and locked out by the undervoltage signal on bus
P1.

3. The disconnect switch in the selector circuit connecting to 6.9 kV permanent bus
P1 and the circuit breaker on the non-Class 1E 6.9 kV permanent bus P1 are
normally closed.

4. The circuit breaker A in the selector circuit A for the A-AAC GTG is closed
automatically after the A-AAC GTG reaches the set voltage and frequency and
the power supply from the A-AAC GTG is restored to the 6.9 kV permanent bus
P1 automatically. The loads on the non-Class 1E 6.9kV and the 480V
permanent buses P1 are started automatically by the LOOP sequencer.

5. The disconnect switches in the selector circuit A and the incoming circuit
breakers from AAC in the Class 1E 6.9 kV switchgear are normally open. Hence,
power from AAC source is not restored automatically to the onsite Class 1E
6.9 kV buses A or B.

6. Most of the ac loads on the Class 1E 6.9kV buses A and B are tripped by
undervoltage signal except the feeders to the 480V load centers, battery
chargers, emergency lighting etc. Before restoring the power supply to the Class
1E buses from the A-AAC GTG, the loads that have been started and running
due to LOOP on the non-Class 1E permanent bus P1 but are not required during
an SBO condition, are tripped manually.

7. Power is restored to one of the Class 1E 6.9 kV buses A or B from A-AAC GTG
by manually closing the associated disconnect switch in selector circuit A and the
Class 1E incoming circuit breaker in the 6.9 kV Class 1E bus A or B from A-AAC
GTG.

8. After restoration of power supply to the 6.9 kV Class 1E bus A or B from the A-
AAC GTG, the required loads on the 6.9 kV and 480 V Class 1E buses A or B, as
shown in Table 8.3.1-6, are started manually.
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The AAC GTGs have enough fuel capacity to supply power to the required SBO loads
for 8 hours.

If both AAC GTGs are running and AAC power supply from one of the AAC GTG is
restored to one Class 1E bus, the other AAC GTG feeds the loads on the other non-
Class 1E permanent bus.

8.41.4 Recovery from SBO

Within the required coping duration of 8 hours, power supply to the Class 1E buses
would be restored either from the onsite Class 1E GTGs or from the offsite ac power
sources as follows.

A) Recovery from SBO with available offsite source
1. The output of AAC GTG is adjusted to synchronize with the offsite power.

2. If the offsite ac source from RAT is available, the incoming breaker from RAT
to the 6.9kV permanent bus is closed, after synchronizing the AAC GTG with
the offsite ac source.

3. If the offsite ac source from UAT is available, the incoming breaker from UAT
to the 6.9kV permanent bus is closed, after synchronizing the AAC GTG with
the offsite ac source.

4. The AAC GTG governor is adjusted to unload the AAC GTG and the load is
transferred to the offsite ac source.

5. When there is no load on AAC GTG, the circuit breaker in the Class 1E bus
and the disconnect switch in the selector circuit connected to the AAC GTG
are tripped to isolate the Class 1E bus from the AAC GTG.

B) Recovery from SBO with the Class 1E GTG
1. The output of AAC GTG is adjusted to synchronize with Class 1E GTG.

2. After synchronizing the AAC GTG with the Class 1E GTG, circuit breaker
from the Class 1E GTG is closed.

3. The AAC GTG governor is adjusted to unload the AAC GTG and the load is
transferred to the Class 1E GTG.

4. When there is no load on AAC GTG, the circuit breaker in the Class 1E bus
and the disconnect switch in the selector circuit connected to the AAC GTG
are tripped to isolate the Class 1E bus from the AAC GTG.
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8.4.2 Analysis
8.4.21 Compliance with 10 CFR Part 50.63

10 CFR 50.63 (Reference 8.2-5) requires that each light-water-reactor-cooled power
plant licensed to operate must be able to withstand an SBO for a specific duration and
recover from an SBO.

The SBO rule, in accordance with 10 CFR 50.63 (Reference 8.2-5), requires each plant
to specify a proposed SBO coping duration to be used in determining compliance based
onsite and plant specific factors that contribute to the likelihood and duration of an SBO.
The expected maximum coping duration for the US-APWR is determined based on the
guidance provided in RG 1.155 (Reference 8.3.1-21).

8.4.2.1.1 Station Blackout Coping Duration

The specific SBO duration is based on the redundancy of the onsite emergency ac
power sources, the reliability of the onsite emergency ac power sources, the expected
frequency of LOOP and the probable time needed to restore offsite power. The coping
duration is based on the following design characteristics using RG 1.155, Section C.3.1
(Reference 8.3.1-21) methodology:

1. The transmission system, plant high voltage switchyard, grid system, and
interconnections to other grid systems and generating stations are site-specific
and not part of the design control document (DCD). The COL Applicant will
provide at least two physically independent power circuits between the offsite
grid systems and the plant high voltage switchyard. There would be a minimum
of two physically independent transmission tie lines from the plant high voltage
switchyard to the onsite transformer yard. The offsite power system design fully
conforms to 10 CFR 50, Appendix A, GDC 17 and 18 (Reference 8.1-3). Since
the offsite power design characteristics are site-specific, the characteristic group
“P3” in accordance with Table 4 of RG 1.155 (Reference 8.3.1-21) that results in
the longest SBO coping duration is considered for conservatism.

2. The onsite emergency ac power supply system design provides four redundant
and independent emergency Class 1E GTGs and any two of the four emergency
Class 1E GTGs are adequate to operate the ac powered decay heat removal
systems. Therefore, emergency power configuration group is classified as “B” in
accordance with Table 3 of RG 1.155 (Reference 8.3.1-21).

3. Emergency Class 1E GTG minimum targeted reliability determined in
accordance with Section C.1.1 of RG 1.155 (Reference 8.3.1-21) is 0.95 per
demand for each GTG.

Based on the above, the acceptable SBO coping duration is 8 hours in accordance with
Table 2 of RG 1.155 (Reference 8.3.1-21).
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8.4.2.1.2 Station Blackout Coping Analysis

The SBO rule in accordance with 10 CFR 50.63 (Reference 8.2-5) states that no coping
analysis is required if the AAC sources can be demonstrated by test to be available to
power the shutdown buses within 10 minutes of the onset of an SBO.

Two GTGs of a different rating with diverse starting mechanism from the Class 1E GTGs
are provided as AAC sources. These AAC GTGs are independent from the Class 1E
GTGs and do not share any common auxiliaries or support systems. The AAC GTGs
are not normally connected to the plant offsite or onsite power systems. The AAC GTGs
are electrically isolated from the emergency Class 1E power supply systems by a non-
Class 1E disconnect switch and a Class 1E circuit breaker. The disconnect switch and
the Class 1E circuit breaker connecting the AAC GTG to the Class 1E buses are
normally open, and would be manually closed during an SBO to restore the power
supply to one of the Class 1E 6.9 kV buses A or B, or C or D. The AAC GTGs are
automatically started by the undervoltage signal on the 6.9kV permanent buses P1 or P2
and connected to the respective 6.9kV permanent bus P1 or P2 during LOOP. The AAC
GTGs can also be manually started and connected to the Class 1E emergency buses.
The AAC GTGs start and reach the rated frequency and voltage and are ready to be
loaded within 100 seconds. Each AAC source is capable of providing adequate power
to the emergency shutdown buses. The power supply from the AAC GTG to one of the
Class 1E buses can be restored within 60 minutes. Availability of power from the AAC
GTG to one Class 1E 6.9kV bus within 60 minutes is verified by actual field testing.
Since the power supply from the AAC GTG to the Class 1E buses cannot be restored
within 10 minutes, the following coping analysis is performed for the US-APWR in
accordance with the requirements of Section C.3.2 of RG 1.155 (Reference 8.3.1-21):

1. After SBO occurs, all ac power sources including all Class 1E GTGs, are lost,
except for ac power from the UPS. Power from the AAC GTG will be restored to
the required Class 1E power system within 60 minutes. During the 60 minutes,
no pumps and fans connected to the Class 1E 6.9kV and 480V ac buses can be
operated.

2. With the plant be in above condition, the systems can be kept in safe condition
as described below:

(1) Core and reactor coolant system (RCS) condition

Until AAC GTG restores the Class 1E power system within one hour after
SBO occurs, all pumps and fans cannot be operated. However, during
this time, the plant is in a condition similar to hot shut down. Turbine
driven (T/D) emergency feedwater (EFW) pump and, main steam relief
valve remove the decay heat of the core through natural circulation of the
reactor coolant and the core and the RCS are kept in a safe mode.

(2) RCP seal

RCP seal can keep its integrity for at least one hour without water cooling.
There is no LOCA considered in this condition.
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(3) Integrity of electrical cabinets

Until AAC GTG restores power to the Class 1E power system within one
hour after SBO occurs, Class 1E electrical room HVAC system cannot be
operated. However, all Class 1E electrical cabinets and 1&C cabinets are
rated to keep their integrity up to 50°C temperature. The temperature of
Class 1E electrical room and 1&C room will not reach 50°C within one
hour even without HVAC.

3. After AAC GTG has restored power to the Class 1E power system, the following
operations will be performed and the plant will be in a safe shutdown condition
for the long term:

Function Action
Reactivity control Supplying boric acid tank (BAT)
water by using charging pump
RCS make up Supplying water of refueling water
auxiliary tank by using charging
pump
RCS pressure control Pressurizing by using pressurizer

backup heater and depressurizing
by using safety depressurization
valve (SDV)

Decay heat removal Supplying EFW pit water by using
T/D EFW pump and Steam relieved
by using Main Steam Relief Valve

Cooling of RCP seal RCP seal injection by using
charging pump (Water source is
refueling water auxiliary Tank)

Supporting system I&C, cooling system, HVAC

The plant can be kept in the safe shutdown condition by the above operations performed
only on one Class 1E train.

8.4.2.2 Conformance with Regulatory Guidance

The offsite and onsite emergency power supply systems meet 10 CFR 50, Appendix A,
GDC 17 and 18 (Reference 8.1-3).

RG 1.155, “Station Blackout,” (Reference 8.3.1-21) provides a means acceptable to the
NRC staff for meeting the requirements of 10 CFR 50.63 (Reference 8.2-5). NUMARC-
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87-00 (Reference 8.4-1) also provides guidance acceptable to the staff for meeting these
requirements. RG 1.155 (Reference 8.3.1-21) takes precedence when noted in Table 1
of RG 1.155 (Reference 8.3.1-21).

The non-Class 1E AAC power supplies and the connections to the onsite emergency
Class 1E power supply system meet all the requirements of RG 1.155 (Reference 8.3.1-
21). The AAC power sources meet the recommendations listed under Section C.3.3.5
as discussed in the following paragraphs.

Two AAC GTGs, which are independent and have different rating with diverse starting
mechanism from the Class 1E ac power sources, are provided as AAC sources to
minimize common mode failures. This meets the criterion of having power sources that
are independent and diverse from the normal Class 1E ac power sources in accordance
with Section C.3.2.5 of RG 1.155 (Reference 8.3.1-21).

The AAC GTGs are not normally connected to the offsite or onsite emergency ac power
supply systems. The AAC GTGs are connected to the non-Class 1E 6.9 kV permanent
buses, P1 and P2 only during LOOP or online test of AAC GTG conditions. The AAC
GTGs and their associated non-Class 1E selector circuits A and B are located in
separate rooms. The AAC GTGs and the onsite Class 1E ac power system are
electrically isolated by a disconnect switch (non-Class 1E) and a circuit breaker (Class
1E) in series. The auxiliaries and support systems for the AAC GTGs are separate and
are not shared with the onsite Class 1E ac systems. Therefore, no single point
vulnerability exists whereby a weather-related event or single active failure could disable
any portion of the blacked-out unit’s onsite Class 1E power sources or the offsite power
sources and simultaneously fail the AAC GTGs. This meets the criteria 1 and 2 of
Section C.3.3.5 of RG 1.155 (Reference 8.3.1-21).

The AAC GTGs are automatically started by the undervoltage signal on the 6.9 kV
permanent buses, P1 or P2, and are automatically connected to their respective
permanent buses within 100 seconds. The AAC GTGs can be connected manually to
the onsite Class 1E buses by closing the non-Class 1E disconnect switch in the selector
circuit and the Class 1E incoming circuit breaker in the Class 1E 6.9 kV switchgear as
described in Subsection 8.4.1.3. Power supply to at least one of the onsite Class 1E ac
train can be restored from the AAC sources within 60 minutes. The availability of power
supply to one of the four Class 1E trains is adequate for coping with an SBO event. This
meets the requirements of Criterion 3 of Section C.3.3.5 of RG 1.155 (Reference 8.3.1-
21).

Each AAC GTG has sufficient capacity to operate the systems necessary for coping with
an SBO event for the time required to bring and maintain the plant in safe shutdown
condition. Two AAC GTGs are provided even though the provision of only one is
adequate to meet the regulatory requirements. This meets the contingency of one AAC
GTG not available. Single failure for the AAC GTGs need not be considered in
accordance with Appendix B, RG 1.155 (Reference 8.3.1-21). Each AAC GTG has
adequate fuel to operate the systems required for coping with an SBO for 8 hours.
Therefore, the AAC GTGs meet Criterion 4 of Section C.3.3.5, RG 1.155 (Reference
8.3.1-21).
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The AAC power system will be inspected and tested periodically to demonstrate
operability and reliability. The reliability of the AAC power system will meet or exceed
95% as determined in accordance with NSAC-108 (Reference 8.4-2) or equivalent
methodology to meet the Criterion 5 of Section C.3.3.5, RG 1.155 (Reference 8.3.1-21).

8.4.3 Combined License Information

No additional information is required to be provided by a COL applicant in connection
with this section.

8.4.4 References

8.4-1 Guidelines and Technical Bases for NUMARC Initiatives Addressing Station
Blackout at Light Water Reactors, NUMARC 87-00, Revision. 1, August 1991.

8.4-2 Reliability of Emergency Diesel Generators at U.S Nuclear Power Plants, NSAC-
108, September 1986.
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