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8.0 ELECTRIC POWER
8.1 INTRODUCTION

8.1.1 Utility Grid and Interconnections

The Tennessee Valley Authority (TVA) is a corporation of the United States
Government serving the State of Tennessee and parts of six other States in the
southeast on the boundaries of Tennessee. TVA is interconnected with electric power
companies to the north, west, south, and east of its service area. As shown in Figure
8.1-1, the TVA grid consists of interconnected hydro plants, fossil-fueled plants,
combustion turbine plants, and nuclear plants supplying electric energy over a
transmission system consisting of various voltages up to 500kV.

The Watts Bar Nuclear Plant is located 48 miles northeast of Chattanooga,
Tennessee, on the west bank of the Tennessee River. The plant is connected into a
strong 500kV transmission grid. The 500kV Switchyard is a double breaker - double
bus configuration. Both units and five 500kV transmission lines can be connected to
either or both buses through a 500kV breaker. Preferred power is supplied from the
existing Watts Bar Hydro 161kV Switchyard over two radial lines located entirely on
TVA property. The Watts Bar Hydro 161kV Switchyard is interconnected with the TVA
power system through six 161kV transmission lines and five hydro generators.

8.1.2 Plant Electrical Power System

The plant electric power system consists of the main generators, the unit station
service transformers, the common station service transformers, the diesel generators,
the batteries, and the electric distribution system as shown on Figures 8.1-2, 8.1-2A,
8.1-2B, and 8.1-3. Under normal operating conditions, the main generators supply
electrical power through isolated-phase buses to the main step-up transformers and
through the unit station service transformers (located adjacent to the Turbine Building)
to the nonsafety auxiliary power system. Offsite electrical power supplies Class 1E
circuits through the 161kV system via Common Station Service Transformers (CSSTs)
C and D. The primaries of the unit station service transformers are connected to the
isolated-phase bus at a point between the generator terminals and the low-voltage
connection of the main transformers. During normal operation, station auxiliary power
is taken from the main generator through the unit station service transformers and from
the 161kV system through the common station service transformers. During startup
and shutdown, all auxiliary power is supplied from the 161kV system through CSSTs
A, B, C and D. The standby (onsite) power is supplied by four diesel generators.
Capability is also provided to supply the Class 1E circuits through the 161kV system
via CSST A or B in the event CSST D or C, respectively, is unavailable.

The safety objective for the power system is to furnish adequate electric power to
ensure that safety related loads function in conformance with design criteria and
design bases. Major loads on the electric power system having assigned safety
related functions are shown in Table 8.1-1.

INTRODUCTION 8.1-1
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The safety objective has been accomplished by: (1) establishing design criteria and
bases that conform to regulatory documents and accepted design practice, and (2)
implementation of these criteria and bases in a manner that assures a system design
and a constructed plant which satisfies all safety requirements. The applicable
documents governing the design are shown in Section 8.1.5.

Figures 8.1-2 and 8.1-2A depict the plant distribution system that receives ac power
from:

(a) The two nuclear power units.

(b) The two independent preferred (offsite) power circuits, which have
access to the TVA transmission network, and in turn have multiple
interties with other transmission networks.

(c) The four 4400kW diesel generator standby (onsite) power sources.

The power received from the above sources is distributed to both safety related and
non-safety related loads in the plant.

The safety related loads are arranged electrically into four power trains, two for each
nuclear unit. Power trains 1A and 2A comprise load group A. Power trains 1B and 2B
comprise load group B. Two diesel generators and one load group can provide all
safety related functions to mitigate a LOCA in one unit and safely shutdown the other
unit. Each power train of each unit has access to a diesel generator (standby source)
and each of the two preferred offsite sources.

Figure 8.1-3 depicts the vital ac and dc control power distribution systems that connect
four 125V batteries, four battery chargers and eight 120V ac uninterruptable power
systems (UPS) with their respective safety related loads and non safety related loads.
The 125V dc distribution system is a safety related system which receives power from
four independent battery chargers and four 125V dc batteries and distributes it to
safety related loads and non-safety related loads of both units. The 120V ac
distribution system receives power from eight independent UPSs and distributes it to
the safety related loads of both units. These systems are described in Sections 8.2 and
8.3.

8.1.3 Safety-Related Loads

Major loads requiring electric power to perform their safety related function are listed
in Table 8.1-1.

8.1.4 Design Bases
The design bases for the electric power system are listed below.

8.1-2 INTRODUCTION



WATTS BAR

WBNP-102

Offsite (Preferred) Power System

(1)

(2)

Each of the two offsite power circuits has sufficient capacity, is continuously
energized, and is available to supply the plant safety loads following a loss of
coolant accident (LOCA) to assure that core cooling, containment integrity,
and other vital safety functions are maintained.

The two offsite power circuits are designed to be physically independent so
as to minimize the likelihood of their simultaneous failure under operating and
postulated accident and environmental conditions. The two offsite power
circuits do share the Watts Bar Hydro 161kV switchyard which is permitted
by GDC 17.

Onsite (Standby) Power Systems

INTRODUCTION

(1)

(2)

(3)

(4)

The onsite power systems are designed to provide sufficient capacity to
assure that acceptable fuel design limits and design conditions of the reactor
coolant pressure boundary are not exceeded as a result of anticipated
operational occurrences. Further, these systems provide sufficient capacity
to ensure that the core is cooled and containment integrity and other vital
functions are maintained in the event of postulated accidents in one unit and
to safely shutdown the other unit.

The onsite power systems are capable of performing their safety functions
assuming a single failure.

The onsite power systems are located within Category | structures so that
they are protected from natural phenomena.

The onsite power systems are designed to perform their safety function
considering the effects of the following events:

(a) Postulated accident environment

(b) fires

(c) accident-generated missiles

(d) fire protection system operation

(e) accident-generated flooding, sprays, or jets

() single act, event, component, failure, or circuit fault that could cause
multiple equipment malfunctions.

(g) Loss of all offsite power or loss of all offsite power concurrent with a
LOCA.

8.1-3
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)

(6)

(7)

(8)

9)

The onsite power systems are designed to permit appropriate surveillance,
periodic inspections, and testing of important areas and features to assess
the continuity of the systems and the condition of their component.

The onsite standby ac power sources are designed to be automatically
initiated in the event of an accident signal or a loss of offsite power.

The vital batteries have adequate capacity for a period of 30 minutes, without
chargers, to provide the necessary dc power to perform the required safety
functions in the event of a postulated accident in one unit and to safely
shutdown the other unit, assuming a single failure.

The vital batteries have adequate capacity for a period of two hours for an
appendix R scenario, or four hours for a station blackout event, to provide the
necessary dc power to maintain both reactors at hot shutdown, assuming the
loss of all ac power sources. Load shedding of non-required loads may be
performed to achieve the four hour coping duration for blackout conditions.

The vital battery chargers have adequate capacity to simultaneously supply
the combined demands of the steady-state loads and to restore the battery
from the design discharge state to the design charged state within an
acceptable time interval irrespective of status of plant during which the
demands occur.

8.1.5 Design Criteria and Standards

Although the design of the electric power system for the Watts Bar Nuclear Plant
preceded the publication of several of the standards and regulatory guides referenced
below, the design meets the intent of those standards and guides.

8.1.5.1 Design Criteria

(1)

(2)

(3)

(4)

IEEE Std 279-1971, IEEE Standard Criteria for Protection Systems for
Nuclear Power Generating Stations.

IEEE Std 308-1971, IEEE Standard Criteria for Class 1E Electric Systems for
Nuclear Power Generating Stations.

Criterion Nos. 1, 2, 3, 4, 5, 17, and 18, AEC General Design Criteria for
Nuclear Power Plants (10 CFR 50, Appendix A, July 7, 1971).

AEC Quality Assurance Criteria for Nuclear Power Plants (10 CFR 50,
Appendix B, June 26, 1971).

8.1.5.2 Other Standards and Guides

(1)

8.1-4

IEEE Std. 317-1976, IEEE Standard for Electrical Penetration Assemblies in
Containment Structures for Nuclear Fueled Power Generating Stations.

INTRODUCTION
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(2)

(3)
(4)
)
(6)

(7)

(8)

ANSI C84.1-1970, Voltage Ratings for Electric Power Systems and
Equipment (60 Hz)

Deleted by Amendment 75

IPCEA P-46-426, Power Cable Ampacities, Vol 1 - Copper Conductors.
ANSI C37.1-1962, Relays Associated with Power Switchgear.

ANSI Standards for Power Circuit Breakers.

(@) ANSI C37.4-1953, Alternating-Current Power Circuit Breakers.

(b) ANSI C37.5-1969, Methods for Determining Values of a Sinusoidal
Current Wave, Normal-Frequency Recovery voltage, and a Guide for
Calculation of Fault Currents for Application of AC High-Voltage Circuit
Breakers Rated on Total Current Basis.

(c) ANSIC37.6-1971, Schedules of Preferred Ratings for AC High-Voltage
Circuit Breakers Rated on a Total Current Basis.

(d) ANSI C37.7-1960, Interrupting Rating Factors for Reclosing Service
Power Circuit Breakers.

(e) ANSIC37.8-1952, Rated Control Voltages and Their Ranges for Power
Circuit Breakers.

() ANSI C37.9-1953, Test Code for Power Circuit Breakers

(g) ANSI C37.11-1972, Requirements for Electrical Control for AC High-
Voltage Breakers Rated on a Symmetrical Current Basis.

(h) ANSI C37.12-1969, Guide Specifications for AC Power Circuit
Breakers.

(i)  ANSI C37.03-1964, Definitions for AC High-Voltage Circuit Breakers.

()  ANSI C37.10-1964, Application Guide for AC High-Voltage Circuit
Breakers.

(k) ANSI C37.13-1963 (R1969), Low-Voltage AC Power Circuit Breakers.

ANSI C37.19-1963, Low-Voltage a.c. Power Circuit Breakers and Switchgear
Assemblies.

ANSI C37.20-1969 (C37.20-1974*), Switchgear Assemblies and
Metal-Enclosed Bus. *Revision of standard applies to fifth vital battery
system.
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9)

(10)

(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)

(20)

(21)

(22)

ANSI C57, Transformers, Regulators, and Reactors.

(@) ANSIC57.12-1968, Test Codes for Distribution, Power, and Regulating
Transformers, and Shunt Reactors.

(b) ANSI C57.10-1969, Requirements for Transformers 67,000 Volts and
below, 501 through 5,000 KVA Single Phase, 501 through 10,000 KVA
Three Phase.

(c) ANSIC57.102-1958, (IEEE 76-1958). Acceptance and Maintenance of
Transformer Askarel in Equipment.

(d) ANSI C57.13-1968, Requirements for Instrument Transformers.

(e) ANSI C57.92-1962, Guide for Loading Mineral-Oil Immersed Power
Transformers.

NEMA AB-1-1964 (AB1-1975%), Molded-Case Circuit Breakers. *Revision of
standard applies to fifth vital battery system.

NEMA EI-2-1966, Instrument Transformers

NEMA SG3-1965, Low-Voltage Power Circuit Breakers
NEMA SG4-1965, High-Voltage Power Circuit Breakers
NEMA SG5-1967, Power Switchgear Assemblies

NEMA SG6-1960, Power Switching Equipment

NEMA TR1-1971, Transformers, Regulators, and Reactors
NEMA MG1-1967, Motors and Generators

Deleted by Amendment 67

ICEA S-61-402, NEMA WC5 Thermoplastic-Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy[1 2]

IPCEA S-56-434, Polyethylene-Insulated Thermoplastic-Jacketed
Communication Cables

ICEA S-66-524, NEMA WC7 Cross-linked-Thermosetting-Polyethylene
Insulated Wire and Cable for the Transmission and Distribution of Electrical
Energyl’-2]

NFPA No. 78-1971, Lightning Protection Code

INTRODUCTION
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(23)

(24)

(25)

(26)

(27)

(28)

ICEA S-19-81, NEMA WC3 Rubber-Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy. Specific references
herein are from the fifth edition dated July 1969!"-2],

IPCEA S-28-357, NEMA WC1-1963, American National Standards Institute
Requirements for Asbestos, Asbestos-Varnished Cloth, and Asbestos-
Thermoplastic Insulated Wires and Cable (C8.36-1962)[":2],

ICEA S-68-516, NEMA WC8-1976, Ethylene-Propylene-Rubber-Insulated
Wire and Cable for the Transmission and Distribution of Electrical Energy.l!2

NRC IE Circular No. 81-13, "Torque Switch Electrical Bypass Circuit for
Safeguard Service Valve Motors."

The torque switch bypass feature reflected in this IE Circular is
implemented within the Watts Bar design by wiring the control
circuits in all active valves as follows:

(1) For MOVs which are required to open as part of their safety function.
the opening torque switch will be removed from the control circuit by
removing connecting wires from the torque switch or by installation of a
permanent electrical bypass.

(2) The closing torque switch on all position-seated valves whose safety
function is to close will be removed from the control circuit by removing
the connecting wires from the torque switch or by installing a permanent
electrical bypass.

(3) The closing torque switch on all torque-seated valves whose safety
function is to close will be bypassed during travel by a position limit
switch, allowing the torque switch to open the control circuit only on
seating. (The list of the active motor-operated valves which require
torque switch bypass is identified in WBN calculation, "Selection
Criteria for MOVs Requiring Thermal Overload Bypass,"
WBN-0SG4-095).

ICEA P-54-440, Ampacities Cables in Open-Top Cable Trays, and National
Electrical Code, NFPA-70-1987 (See Electrical Design Standard
DS-E12.6.3)

ANSI| C37.40-1969, "IEEE Standard Service Conditions and Definitions for
High-Voltage Fuses, Distribution Enclosed Single-Pole Air Switches, Fuse
Disconnecting Switches, and Accessories."

(29) ANSI C37.90-1972, "Relays and Relay Systems Associated with Electric

Power Apparatus.”

8.1-7
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8.1.5.3 Compliance to Regulatory Guides and IEEE Standards

8.1-8

The extent to which the recommendations of the applicable NRC regulatory guides the
IEEE standards are followed for electrical power systems are shown below. The
symbol (F) indicates full compliance. Those which require further clarification or are
not fully implemented are discussed in the footnotes as indicated.

Regulatory Guide 1.6 (Safety Guide 6), Revision 0 "Independence Between
Redundant Standby Onsite Power Sources and Between Their Distribution Systems."

(F)

Regulatory Guide 1.9, Revision 3, "Selection, Design, Qualification, and Testing of
Emergency Diesel Generator Units used as Class 1E Onsite Electrical Power Systems
at Nuclear Power Plants." (7)

Regulatory Guide 1.22 (Safety Guide 22), Revision 0, "Periodic Testing of Protection
System Actuation Functions." (F) [Note 2 of Table 7.1-1]

Regulatory Guide 1.29, Revision 0, "Seismic Design Classification." (F)

Regulatory Guide 1.30 (Safety Guide 30), Revision 0, "Quality Assurance
Requirements for the Installation, Inspection and Testing of Instrumentation and
Electric Equipment." (See Chapter 17, Section 17.1)

Regulatory Guide 1.32 (Safety Guide 32), Revision 0, "Use of IEEE Std 308-1971,"
"Criteria for Class 1E Electric Systems for Nuclear Power Generating Stations." (F)

Regulatory Guide 1.40, Revision 0, "Qualification Tests of Continuous Duty Motors
Installed Inside the Containment of Water-Cooled Nuclear Power Plants." (F)

Regulatory Guide 1.41, Revision 0, "Preoperational Testing of Redundant Onsite
Electric Power Systems to Verify Proper Load Group Assignments." (F)

Regulatory Guide 1.47, Revision 0, "Bypassed and Inoperable Status Indication for
Nuclear Power Plant Safety Systems." (F) (10)

Regulatory Guide 1.53, Revision 0, "Application of the Single-Failure Criterion to
Nuclear Power Plant Protection Systems." (F) [Note 3 of Table 7.1-1]

Regulatory Guide 1.62, Revision 0, "Manual initiation of Protective Actions. (F)

Regulatory Guide 1.63, Revision 2, "Electric Penetration Assemblies in Containment
Structures for Water-Cooled Nuclear Power Plants." (F) (1)

Regulatory Guide 1.73, Revision 0, "Qualification Tests of Electric Valve Operators
Installed Inside the Containment of Nuclear Power Plants." (F)

Regulatory Guide 1.75, Revision 0, "Physical Independence of Electric Systems." (2)

INTRODUCTION
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Regulatory Guide 1.81, "Shared Emergency and Shutdown Electric Systems for
Multi-Unit Nuclear Power Plants." (3)

Regulatory Guide 1.89, Revision 1, "Environmental Qualification of Certain Electrical
Equipment Important to Safety for Nuclear Power Plants." (4) (Only applicable to
equipment within the scope of 10 CFR 50.49)

Regulatory Guide 1.93, Revision 0, "Availability of Electric Power Sources. (F)

Regulatory Guide 1.100, Revision 0, "Seismic Qualification of Electric Equipment for
Nuclear Power Plants." (5)

Regulatory Guide 1.106, Rev. 1, "Thermal Overload Protection for Electric Motors on
Motor Operated Valves." (11)

Regulatory Guide 1.108, withdrawn by NRC - August 1993.

Regulatory Guide 1.118, Rev. 2, "Periodic Testing of the Electric Power and Protection
Systems." (8), (See Section 7.1, Table 7.1-1, Note 11 for I&C systems)

IEEE Trial-Use Std 338-1971, "Criteria for the Periodic Testing of Nuclear Power
Generating Station Protection Systems." (F)

IEEE Std 338-1977, “Criteria for the Periodic Testing of Nuclear Power Generating
Station Protection Systems.” (8). (See Section 7.1, Table 7.1-1, Note 11 for I&C
systems)

IEEE Std 344-1971, "Guide for Seismic Qualification of Class 1E Equipment for
Nuclear Power Generating Stations." (F)

IEEE Std 387-1984, "Criteria for Diesel Generator Units Applied as Standby Power
Supplies for Nuclear Power Stations." (See Appendix 8D).

IEEE 450-1980, "IEEE Recommended Practice for Maintenance, Testing, and
Replacement of Large Lead Storage Batteries for Generating Stations and
Substations." (12)

IEEE Std. 484-1975, "IEEE Recommended Practice for Installation Design and
Installation of Large Lead Storage Batteries for Generating Stations and Substations."

(9)

IEEE Std. 485-1978, "IEEE Recommended Practice for Sizing Large Lead
Storage Batteries for Generating Stations and Substations." (9)

IEEE Std. 535-1979, "IEEE Standard for Qualification of Class 1E Lead

Storage Batteries for Nuclear Power Generating Stations." (9)

INTRODUCTION 8.1-9
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Notes:
(1) RG-1.63

(C.1) Full Compliance: The electric penetrations have been designed to
maintain mechanical integrity for the maximum short circuit current that
could occur and the time duration required for the backup protective
device to operate. A redundant overcurrent protection system is provided
for all penetrations except instrumentation circuits where fault current is
not a problem.

The only 6.9KkV circuit feeding loads inside the containment are for the
reactor coolant pumps (RCP). The breaker used for control of the RCPs
is backed up by a second breaker to provide the redundant over-current
protection system required by RG 1.63. The breakers are each provided
with independent dc control power from different batteries so that failure
of either battery will not violate the single failure criteria. Provisions for
testing are described below.

The 480V load center circuits have a low voltage power circuit breaker
backed up by a current limiting fuse. The penetration withstands the
available fault current vs. time duration for the load center breaker and
fuse. The breakers have direct acting trips and are independent of control
power. The fuse is located in the cable termination compartment of the
load center bolted to the breaker cable terminal.

The 480V motor control center (MCC) circuits have a molded case circuit
breaker backed up by a fuse. The penetration withstands the available
fault current vs. time duration for the breaker and fuse. Molded case
breakers have direct acting trips.

Low voltage control circuits have a molded case breaker backed up by a
fuse or a fuse backed up by a fuse. The penetration withstands the
available fault current vs. time duration for the breaker and fuse. The
molded case breakers have direct acting trips.

The energy levels in the instrument systems are sufficiently low so that no
damage can occur to the containment penetration.

Table 8.1-2 lists the parameters that show the capability of each typical
penetration to withstand without loss of mechanical integrity, the
maximum fault current vs. time condition that could occur as a result of a
single random failure of the primary overload protection. Thus, the single
failure criterion of IEEE 279 is met.

In addition to the single failure criterion of IEEE 279, the following
requirements of IEEE Std. 279 are met as follows:

8.1-10 INTRODUCTION



WATTS BAR

WBNP-102

INTRODUCTION

(C.2)

Testability: The overcurrent protection system provided for 6900V
penetration circuits include drawn out-type relays which are field testable
using manufacturer provided test sets or TVA test sets to simulate fault
currents following established procedures. Low voltage power circuit
breakers and molded case circuit breakers are field tested using test sets
built by Multiamp Corporation or equal. Testing is done by simulating fault
current following established procedures.

Periodic resistance measurement is not practical for containment
penetration conductor overcurrent protection fuses. Resistance
verification is performed as one of the final steps in the manufacturing
process, assuring proper construction and rating. Manufacturers do not
publish this baseline data since construction changes are made based on
design and material improvements. Because of this, no baseline data
would be available if periodic resistance measurements were performed.
Routine removal of fuses for testing is not prudent according to the
manufacturer. Routine removal can result in damaging of the fuse holder
and contact points. Fuse manufacturers have also stated that the
protective characteristics of fuses do not deteriorate with service life.
Service temperatures above the rated temperature, current surges, and
unusual cycling conditions reduce the fuses' service life, i.e., the fuse
becomes more protective. Under no conditions will a fuse become less
protective during its service life. In lieu of field testing by resistance, we
will establish a fuse inspection and maintenance program that will ensure:
(1) that the proper size fuse is installed, (2) that the fuse shows no sign of
deterioration, and (3) that the fuse connections are tight and clean. (See
IEEE Std 242-1975, Recommended Practice for Protection and
Coordination of Industrial and Commercial Power Systems). Should a
problem arise with a specific brand or model of fuse, necessary corrective
action would be initiated through the plant's experience review program.

Penetration protective devices in 480V circuits energized during plant
operation are mounted in either motor control centers, Class 1E low
voltage switchgear, or panel boards. Both Class 1E and non-Class 1E
motor control centers are ITE Imperial Corporation series 5600 supplied
under the same contract. All 480V non-Class 1E distribution equipment
that houses penetration protective devices are located in the same
seismic structure as Class 1E distribution equipment. Equipment bought
to Class 1E standards is qualified to operate both during and after an
operating basis earthquake (OBE) or a safe shutdown earthquake (SSE)
The non-Class 1E motor control centers supplied under the same contract
as Class 1E are manufactured using the same materials and
components which results in the same high degree of operational
reliability during an OBE.

Full Compliance: X/R ratios in excess of 8.0 were used in the qualification
tests for low voltage penetrations and were in excess of 15 for medium
voltage penetrations.

8.1-11
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(C.3) Full Compliance: The duration times used in the qualification tests
exceeded those required by IEEE Std. 317-1976 and RG 1.63.

(C.4) Full Compliance: The basic impulse test voltage used in qualification test
for the medium voltage penetration was 1.2 x 50 micro-second test. The
test consisted of a full wave test series of three positive and three negative
waves.

(C.5) Full Compliance: Aging tests in excess of 5000 hours have been run on
all non-metallic materials to establish Arrhenius curves.

(C.6) N/A
(C.7) N/A

(2) Regulatory Guide 1.75 was issued after the Watts Bar design was complete.
Separations criteria for WBNP are given in Section 8.3.1.4.2.

(3) Regulatory Guide 1.81 R

(C.1) The design of the WBNP 125V vital dc system and the construction
permit application were made before June 1, 1973. The design, as a
minimum, meets the requirements of position 3 of the subject regulatory
guide as follows: The system is capable of supplying minimum ESF loads
and the loads required for attaining a safe and orderly shutdown of the unit
assuming a single failure and loss of offsite power. The ESF output relays
and their trained loads that require power to operate, are assigned as
follows:

(1) Unit 1 "A" train - 125V dc Vital Battery I, 120V a.c. Vital UPS 1-I .
(2)  Unit 1 "B" train - 125V dc Vital Battery Il, 120V a.c. Vital UPS 1-II.
(3) Unit2 "A" train - 125V dc Vital Battery Ill, 120V a.c. Vital UPS 2-II.

(4) Unit 2 "B" train - 125V dc Vital Battery IV, 120V a.c. Vital UPS 2-IV.

The 120-volt a.c.vital instrument power is supplied by four UPS units per unit. They
furnish power for the four-channel reactor protection system (RPS) input relays. The
relays fail safe, (i.e., actuate reactor protection system (RPS) signal, on a loss of
power) thus a single failure and/or a loss of offsite power does not prevent the safe and
orderly shutdown of either unit.

Some plant common loads are supplied from unit 1, channels | and Il and other plant
common loads are supplied from Unit 2. In no case does the sharing inhibit the safe

INTRODUCTION
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shutdown of one unit while the other unit is experiencing an accident. All shared
systems are sized to carry all credible combinations of normal and accident loads.

Position C.2
(a)
(b)

(c)

(d)

(e)

(f)

(9)

Position C.3
(h)

INTRODUCTION

Watts Bar is a two-unit plant.

With a single failure (loss of a battery or loss of a diesel generator) in
the plant and an assumed loss of offsite power, sufficient ESF loads are
still automatically available to the accident unit and to safely shutdown
the remaining unit. The shared safety systems are designed so that
one load group (Train 1A & 2A or Train 1B & 2B) can mitigate a design
basis accident in one unit and accomplish an orderly shutdown of the
other unit. For these events, electric motors driving equipment in the
shared systems are connected without regard to which unit has initiated
the accident signal. Therefore, a spurious accident signal in the
nonaccident unit concurrent with an accident in the other unit will not
cause a standby power supply (diesel generator or vital battery) to be
overloaded.

The most severe DBE is an accident in one unit with a loss of offsite
power. Sufficient diesel generator (DG) power is available to attain a
safe and orderly shutdown of both units with the loss of one DG unit.
Assuming the loss of offsite power and a design basis accident in one
unit, one division of ESF equipment can be used to bring the plant to a
safe and orderly cold shutdown. Therefore, the safe shutdown could be
achieved with the complete failure of a power train in one unit or even
with the complete failure of the same power train (-A or-B) in both units.

The DG units and the onsite distribution system are arranged in two
redundant trains per unit . Due to the shared ESF system (example:
ERCW), only one of the redundant power trains per plant can be taken
out for maintenance or tested at a time.

No interface of the unit operators is required to meet Position 2.b. and
2.c.

Control and status indication for the DG units is provided on a central
control board (Panel 0-M-26) available to both unit operators. DC
system status (volts, current, etc.) is provided on a unit basis.

The recommendation of Regulatory Guide 1.6, 1.9 except as discussed
in Note 7, and 1.47 are met.

The construction permit for WBNP was issued before June 1, 1973.
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(4)

(5

(6)
(7)

Regulatory Guide 1.89, Revision 1, endorses methodology for equipment
qualification in accordance with 10 CFR 50.49. For details of Watts Bar
environmental qualification of Class 1E equipment see Reference [1] of
Section 3.11.

Regulatory Guide 1.100 Rev. 0 reflects the requirements of IEEE Std. 344-
1975. Although Watts Bar Nuclear Plant Class 1E equipment was seismically
qualified to IEEE Std. 344-1971, the qualification procedures are consistent
with the requirements of IEEE Std. 344-1975.

Deleted by Amendment 86.

Since Regulatory Guide 1.9 has been revised, the following information
defines the degree of conformance with Regulatory Guide 1.9 R3 for the
design bases listed in Section 8.1.4.

Position C.0 WBN meets the intent of IEEE 387-1984
Position C1.1  Full compliance
Position C1.2  Full compliance

Position C1.3  Does not comply - Revision 2 of RG 1.9 Position C2 required
the predicted loads not to exceed the short time rating. This
position has required the predicted loads not to exceed the
continuous rating. WBN diesel generators load assignment
was based on the RG 1.9 R2 limit.

Position C1.4  Full compliance
Position C1.5  Full compliance
Position C1.6  Full compliance
Position C1.7.1 Full compliance

Position C1.7.2 Does not comply - Although a first-out surveillance system
is not installed for the DG system at WBN, DG protective
trips such as differential overcurrent have been provided
with targets to indicate which protective device operated. In
addition, the status of protective devices installed to
shutdown the DG for generator or engine trouble are
alarmed in the MCR. Where more than one protective
device function group is operated, the information is fed to
the MCR computer/display which would provide the
information as to which group operated first.

Position C1.8  Full compliance

Position C2.2.1 Full compliance
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Position C2.2.2
Position C2.2.3
Position C2.2.4

Position C2.2.5

Position C2.2.6

Position C2.2.7
Position C2.2.8

Position C2.2.9

Full compliance
Full compliance
Full compliance

WBN meets the intent of this position. The diesel
generators associated with the nuclear unit affected by the
Sl event are started by 1E circuits. However, the starting of
the diesel generators of the non-SlI unit is implemented with
a non-1E circuit (common start circuit). The intent of this
position is to have all the DGs started in case there is a loss
of off-site power (LOOP). WBN meets this precautionary
requirement with the common start circuit. In the event of a
LOOP, the 1E LOORP circuits also start the DGs,
independent of the common start circuit.

Does not fully comply. The design basis at WBN is a
simultaneous LOOP/LOCA, not LOOP followed by LOCA.
Although there are some design features to meet the effects
of LOOP followed by LOCA, there is no analysis to
demonstrate the design will meet the DG voltage and
frequency requirements.

Full compliance
Full compliance

Full compliance

Position C2.2.10Full compliance

Position C2.2.11Full compliance

Position C2.2.12Full compliance

Position C2.2.13Full compliance

Position C2.2.14Full compliance

Position C2.3.1

Position C2.3.2

Position C3

Full compliance with the exceptions identified by C2.2.5 and
C2.2.6

Full compliance, with exception that Technical Specification
SR 3.8.1.21, devloped and approved for initial plant
licensing, eliminates the requirement to perform the ten-year
independence testing during a plant shutdown.

Full compliance
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(8)

9)
(10)

(11)

(12)

Position C4 Full compliance

The Watts Bar design complies with all of the positions of Regulatory Guide
1.118, Rev. 2 for electrical power systems except as follows:

Position C.6(a) - Where feasible test switches or other necessary equipment
will be installed permanently to minimize the use of
temporary jumpers in testing in accordance with the
requirements in IEEE Standard 338-1977.

Full compliance for Fifth Vital Battery Only.
WBN is in full compliance with the intent of RG 1.47 (BISI) Rev. 0.

The Watts Bar Design complies with Position C.1(b) of Regulatory Guide
1.106 R1 except as follows:

Position C.1(b) requires bypass of the thermal overload (TOL) contacts of all
safety-related motor-operated valves (MOVs) during
accident conditions. TVA will bypass the TOL contacts of all
active valves (valves required to perform a mechanical
function after a safety injection (SI) signal). Since active
valves are the only ones required to change position to
shutdown the reactor or to mitigate the effects of a design
basis event, they are the only MOVs requiring this
assurance of position change. (The list of the active motor-
operated valves which require TOL bypass are identified in
WBN Calculation, "Selection Criteria for MOVs Requiring
Thermal Overload Bypass," WBN-OSG4-095.).

Full compliance with IEEE Std. 450-1980. However, a modified performance
test based on section 5.4 of IEEE 450-1995 may be performed in lieu of the
performance or service test in accordance with the Technical Specification.
Also, the criteria for acceptance of connection resistance measurements may
be established by the manufacturer’'s recommended limit as indicated in
IEEE Std. 450-1995, Section D.2

REFERENCES

(1)

(2)

TVA Submittal to NRC "WBN Unit 1 Supplemental Information on WBN
Cable Issues" L44900615803 Enclosure 4

TVA Submittal to NRC "WBN Unit 1 Electrical Cable Damage - Assessment
& Resolution Plan" L44891220806 Enclosure 1
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Table 8.1-1 Safety loads and functions
(Page 1 of 3)

Safety Loads Function Power

Centrifugal Charging Pumps Provide emergency core cooling during 6900V ac
emergency shutdown

Safety Injection Pumps Provide emergency core cooling during 6900V ac
emergency shutdown

Residual Heat Removal Pumps Remove reactor heat during a shutdown 6900V ac
condition

Containment Spray Pumps Provide cooling spray inside containment during 6900V ac

high pressure conditions

Essential Raw Cooling Water Provide cooling water for component cooling 6900V ac
Pumps system and other miscellaneous systems

Auxiliary Feed-water Pumps Provide water to the steam generators during 6900V ac
emergency conditions

Component Cooling System Provide cooling water to the NSSS equipment  480Vac
Pumps

Spent Fuel Cooling Pumps Cool spent fuel pool 480Vac

Fire Pumps Provide water for fire control and emergency 480V ac
feedwater to steam generators, the Aux
Boration MU Tank, and Spent Fuel Pool for flood
mode operation
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Table 8.1-1 Safety loads and functions
(Page 2 of 3)

Safety Loads Function Power

Reactor Lower Compartment To circulate air in reactor lower compartment 480V ac

Cooling Fans dead-ended compartments

Containment Air Return Fans To prevent vacuum conditions in the reactor 480V ac
lower compartment during accident conditions

Emergency Air Conditioning Maintains safe air temperature in operating 480V ac
areas within environmental qualification
temperature limits.

Ventilation System Controls air temperature and/or source and/or 480V ac
radioactive content prior to, during, and & 125V dc
following emergency conditions

Vital Battery Chargers Maintain 125V vital batteries at proper charge 480V ac
level

Motor Control Centers Provide power for small motors, fans, MOVs, 480V ac
heaters, and small pumps associated with
safety-related equipment

Process Protection System Monitors process parameters which initiate 120V ac
actuation of reactor trip and engineering
safeguards systems

Solid-State Protection System  Prevents reactor from operating in unsafe 120V ac
condition

Nuclear Instrument System Monitors reactor power level for reactor control 120V ac

Auxiliary Relay Racks
Power Switchgear

Vital Inverter

Diesel Generator Control

Auxiliary Feed Pump Turbine

Solenoid Valves

Reactor Trip Switchgear Control

and trip logic

Auxiliary relays for process control

Control power for power switchgear
Supplies power to the vital instrument buses

Trips reactor when limits of the operating safe
region are approached

Remote control of diesel generators

Automatic start of auxiliary feed pump turbine

Provide flow control and isolation. Includes
process solenoid valves and solenoid pilot
valves for pneumatic valves

120V ac & 125V dc
125V dc
125V dc
125V dc

125V dc
125V dc

125V dc

8.1-18
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Table 8.1-1 Safety loads and functions
(Page 3 of 3)
Safety Loads Function Power
Common Q Post-Accident Monitors reactor vessel level, saturation margin, 120V ac
Monitoring System and incore thermocouple temperatures
BOP Process Instrumentation Monitors balance-of-plant process parameters 120V ac
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Figure 8.1-1 SERC MT-2 TVA Transmission System
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Figure 8.1-4 Deleted by Amendment 75
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Figure 8.1-5 Deleted by Amendment 75
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Figure 8.1-6 Deleted by Amendment 75
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Figure 8.1-7 Deleted by Amendment 75
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Figure 8.1-8 Deleted by Amendment 75
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Figure 8.1-10 Deleted by Amendment 75
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8.2 OFFSITE (PREFERRED) POWER SYSTEM

8.2.1 Description

Preferred offsite power is supplied from TVA's 161kV transmission grid at Watts Bar
Hydro Plant (WBH) switchyard over two separate transmission lines, each connecting
to two 161-6.9kV common station service transformers (CSSTs) at Watts Bar Nuclear
Plant (WBN). The Class 1E power system is normally supplied from offsite power
through CSSTs C and D. For flexibility, there is also a maintenance feed available from
CSSTs A and B to the Class 1E power systems to be used when CSST C or D is out
of service during any operating mode.

The Class 1E power system can be transferred from the offsite normal power supply
to the offsite alternate power supply to demonstrate operability of the board transfer.
Transfers from the normal supply to the alternate supply may be manual or automatic.
Automatic transfers from the normal power supply to the alternate power supply are
initiated by any transformer or line failure relays.

Manual (routine) transfers are initiated at the discretion of the operator for test or
normal operation. Manual transfers may be effected from the main control room by
placing the "auto-manual” transfer switch in manual, then placing the control switch for
the selected supply breaker in the "close" position and the control switch for the supply
breaker in the "trip" position.

For all unit generator trips except those caused by electrical faults that open 1 and/or
2 main generator 500kV circuit breakers, the Balance of Plant (BOP) ac auxiliary power
system remains connected to its unit sources for 30 seconds, then fast transfers to
offsite power supplied through common transformers A and B. If the unit trip is caused
by an electrical fault, the BOP system transfer is not delayed.

Transmission system studies (TSS) have been made that show for an acceptable
range of transmission grid conditions, one offsite power circuit consisting of one 161kV
transmission line and transformer C, or the other transmission line and transformer D
is capable of starting and running all required safety-related loads, for a design basis
accident in one unit and simultaneous orderly shutdown of the other unit. The analyses
assumed that equipment started by a safety injection signal (SIS) started at the same
time unless the load's control circuitry has sequential time delay, that all equipment that
is tripped off by a SIS was tripped, and that all continuous loads that could be operating
immediately after the SIS, whether safety-related or not, were running. A load
shedding feature is provided for part of the BOP loads in the event of a two Unit trip
with either CSSTs A or B out of service. Load shedding was not considered in the TSS.

8.2.1.1 Preferred Power Supply

The features of the offsite power system are shown in Figure 8.2-1, Development
Single Line Diagram. Preferred power is supplied from the existing Watts Bar Hydro
161kV switchyard over two 161kV overhead lines approximately 1.5 miles long,
located entirely on TVA property. These two transmission lines are supported on
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separate towers, and the separation of the two lines is sufficient to ensure that the
failure of any tower in one line will not endanger the other line.

The Watts Bar Hydro 161kV switchyard bus arrangement is designed so that the loss
of any one of the four main bus sections will not cause loss of power to either of the
two preferred power source lines to the nuclear plant. The Watts Bar Hydro Plant
switchyard is interconnected with the TVA power system through six 161kV
transmission lines and the five Watts Bar hydro generators, as shown on the
development single line, Figure 8.2-1A. This switchyard also provides connections to
the four inactive steam-driven generators in the Watts Bar Steam Plant.

The Watts Bar-Sequoyah and the Watts Bar-Athens 161KkV lines both terminate on the
Hydro plant switchyard bus 1, section 1. These two lines are on separate rights of way
except for sharing a common 0.87-mile, double-circuit tower river crossing. The
Athens line terminates in the Athens 161kV substation along with one 161kV line from
Fort Loudon Hydro Plant, one 161kV line from Loudon 161kV substation via the
Sweetwater substation, and one line from Charleston 161kV substation which is tied
to Sequoyah Nuclear Plant (SQN). The Sequoyah line terminates in the 161kV
switchyard at SQN. The Sequoyah 161kV switchyard is connected to the 500kV
system through an intertie transformer bank, to one of the generating units at SQN, to
Chickamauga Hydro Plant, and to other substations which are integral parts of the
transmission system with either direct or indirect connections to other TVA steam or
hydro electric generating plants.

The Watts Bar-Great Falls 161kV transmission line terminates on bus 2, section 2 in
the Watts Bar Hydro Plant switchyard. At Great Falls Hydro Plant this line is terminated
in the 161kV switchyard along with a second circuit from Watts Bar Hydro which is
routed by way of Spring City 161kV substation and with 161kV transmission line that
interconnects with the power system network through the Murfreesboro 161kV
substation, McMinnville 161kV substation, West Cookeville 161kV substation, and the
Center Hill Hydro Plant. The Great Falls and the Winchester 161kV transmission lines
cross approximately 2.87 miles from the Watts Bar Hydro switchyard (Figure 8.2-2).

The Watts Bar-Spring City 161kV transmission line terminates on bus 1, section 3 in
the Watts Bar Hydro Plant switchyard. At Spring City this line is terminated on the
161kV bus along with a 161kV line that extends to Great Falls Hydro Plant. The Spring
City and Winchester lines that extend from Watts Bar Hydro Plant cross 2.74 miles
from the switchyard (Figure 8.2-2).

The Watts Bar-Rockwood and the Watts Bar-Winchester 161kV transmission lines
terminate on bus 2, section 4, in the Watts Bar Hydro Plant switchyard. The Rockwood
line terminates on the Rockwood 161kV bus along with a 161kV line from the Crossville
161kV substation and a 3-terminal line tied to the 161kV switchyard of the Roane
County 500kV substation and the Kingston Steam Plant. The Crossville 161kV
substation and Kingston Steam Plant are further connected to the TVA 161kV
transmission system network. The Watts Bar-Rockwood line is on a separate right-of-
way except for being on double-circuit towers with the Watts Bar-Winchester line for
0.9 mile and does not cross other lines that terminate at Watts Bar Hydro switchyard
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(Figure 8.2-2). The Watts Bar-Winchester 161kV transmission line terminates at
Winchester 161kV substation. The Winchester, Spring City, and Great Falls 161kV
transmission lines have crossings near the Watts Bar Hydro Plant switchyard (Figure
8.2-2).

Two 161kV transmission lines extend approximately 1.5 miles from Watts Bar Hydro
Plant switchyard to the Watts Bar Nuclear Plant site to furnish preferred power to the
nuclear plant. The transmission line for CSSTs A and D terminates on bus 1, section 1
and bus 2, section 2. This line does not cross other 161kV lines (Figure 8.2-2). The
transmission line for CSSTs B and C terminates on bus 2, section 4 and bus 1,
section 3 in the hydro plant switchyard. This line crosses over the Spring City and the
Great Falls 161kV transmission lines near the hydro plant switchyard (Figure 8.2-2).

The transmission line structures for 161kV lines are designed to meet or exceed load
requirements specified in the National Bureau of Standards Handbook No. 81
(National Electric Safety Code Part 2). Designing to these requirements ensures the
adequacy of lines for wind and heavy icing conditions in excess of those that would be
expected to occur in this area. The phase conductor and shield wire design tensions
are selected to avoid vibration problems. Long experience with area transmission lines
verifies that TVA design practices have been successful in avoiding vibration
problems. No galloping conductor conditions have been observed in the eastern
portion of the TVA transmission system.

Transmission lines in the 161kV voltage class have two overhead ground wires
provided for lightning protection. The use of circuit breakers with high speed reclosing
relays results in the majority of these interruptions due to lightning being momentary.

8.2.1.2 Transmission Lines, Switchyard, and Transformers

The two 161kV and the five 500kV lines connecting the nuclear plant with the TVA
transmission network are indicated functionally on Figure 8.2-1. The onsite
transmission line arrangement is shown on Figure 8.2-3. Preferred power is supplied
from the existing Watts Bar Hydro 161kV switchyard over two radial 161kV overhead
lines approximately 1.5 miles long. These transmission lines provide power to the
nuclear plants CSSTs A and D and CSSTs B and C and are routed to the east and
north of the nuclear plants’ transformer yard respectively. These lines are routed to
minimize the likelihood of their simultaneous failure.

The location of common station service transformers A and B is shown on Figures
8.2-3 and 8.2-5. Each transformer has a single primary and two secondary windings.
The primary voltage is 161kV with the winding rated 57/76/95 MVA, OA/FA/FOA
(Future). The secondary voltage is 6.9 kV and each winding is rated 36/48/60 MVA,
OA/FA/FOA (Future).

The location of common station service transformers C and D is also shown on Figure
8.2-3. Each transformer has a single primary winding with an automatic On Load Tap
Changer unit and two secondary windings. Tap changer will adjust voltage based on
the loading on 6.9kV start busses (connected to Y-winding). The primary voltage is

OFFSITE (PREFERRED) POWER SYSTEM 8.2-3



WATTS BAR WBNP-102

161kV, and the winding is rated 33/44/55 MVA, OA/FOA/FOA. The secondary voltage
is 6.9kV, and each winding is rated 24/32/40 MVA, OA/FOA/FOA.

Calculated loads for common station service transformers A, B, C and D are well below
winding ratings for all conditions.

Fire protection is provided for each common station service transformer by a deluge
type water sprinkler system which can be automatically activated by thermostats or the
transformer electrical protection devices.

8.2.1.3 Arrangement of the Start Boards, Unit Boards, Common Boards, and

8.2-4

Reactor Coolant Pump (RCP) Boards

From the low-voltage side of common station service transformers A and B, 6.9kV
station service buses supply the 6.9kV common, unit, and RCP boards via the 6.9kV
start boards. The station service (start) buses are outdoor, nonsegregated, partially
ventilated, metal-clad structures and are shown on Figure 8.2-5. At the 6.9kV
startboard, these buses enter the outdoor metal-clad switchgear and connect to supply
breakers. The design of the 6.9kV start boards and RCP boards conforms to ANSI,
C37.20 (Standard for Switchgear Assembilies including Metal-Enclosed Bus) and is
classified as outdoor metal-clad switchgear. Section 20, 6.2.2 of this standard defines
the requirements for barriers. The circuit breakers at the 6.9kV start boards are
electrically operated, vertical lift drawout type, with stored energy mechanisms. These
circuit breakers have a continuous rating of 3,000 and 3,750 amperes for the RCP Start
Bus breakers and Start Buses A and B breakers, respectively, an insulation system for
13.8kV, interrupting rating of 1,000 MVA, and a momentary rating of 80,000 amperes.
The circuit breakers are utilized at 6.9kV. Therefore, there is sufficient margin between
the application and the rating of these circuit breakers.

From the 6.9kV start board the two 6.9kV start buses A and B and the two 6.9kV RCP
start buses A and B run on separate support structures as outdoor, nonsegregated,
partially ventilated metal-clad assemblies (Figure 8.2-5). The bus bars are fully
insulated with flame-retardant material, bus supports are flame-retardant, and the
metal enclosures are such that arcing faults in one bus will not endanger the other.
The 6.9kV RCP start buses enter the RCP outdoor metal-clad switchgear and connect
to supply breakers.

The four unit station service transformers are located in the transformer yard, south of
the Turbine Building and directly under the delta section of the main generator isolated-
phase bus. Location of the unit station service transformers is shown on Figure 8.2-5.
From each of the unit station service transformer low-voltage sides two 6.9kV buses
originate, one running in the switchyard parallel to the south wall of the Turbine
Building and connecting to the RCP switchgear, and the other entering the south
Turbine Building wall for routing to the unit and common boards. The unit station
service buses are outdoor, nonsegregated, partially ventilated, metal-clad construction
until they enter the Turbine Building, where the construction changes to indoor type.
After entering the Turbine Building, the unit station service buses are routed to the
appropriate supply breakers in the 6.9kV unit and 6.9kV common boards, entering
through the tops of the 6.9kV unit boards and the bottoms of the 6.9kV common
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boards. The 6.9kV unit and common boards are indoor, metal-clad switchgear with
electrically operated, vertical lift drawout breakers with stored energy mechanisms.

CSSTs C and D are connected to 6.9kV common switchgear C and D via a bus similar
to 6.9kV start buses A and B (Figure 8.2-5A). The 6.9kV common switchgear C and D
are then connected to the 6.9kV shutdown boards via cables which are routed through
conduit banks and cable trays.

All of the indoor station service buses are nonventilated, nonsegregated, metal-clad,
drip proof construction. In addition, the outdoor portions are weatherproof and
equipped with 120V 1-phase heaters to maintain the temperature inside the housing
at least 5°C above outside temperature.

All buses are provided with gas-resistant seals at entry to switchgear. At the
penetration of an outside building wall, the buses are provided with a fire-resistant and
moisture-resistant barrier.

8.2.1.4 Arrangement of Electrical Control Area (Nuclear Plant)

Figures 8.2-7 and 8.2-11 show the electrical control area where the relay, control, 250V
dc control power distribution panels and battery boards are located. Control power for
start board power circuit breakers and associated protective relays is distributed from
the 250V dc supply via circuit breakers on the turbine building dc distribution boards.
Physical isolation of control power supplies is achieved by metal barriers between
adjacent panels. Two separate 250V dc buses are provided in these panels. Each
bus can be fed from one of the two 250V battery boards (Figures 8.2-12 and 8.2-13)
through manual, mechanically interlocked, nonautomatic circuit interrupters. The
power circuit breaker and associated relay control circuits are allocated to these two
dc buses on the basis of switchyard connections. This allocation of control circuits
ensures that the common station service transformer control and relay circuits are fed
from two independent dc distribution buses. Each circuit is protected by a circuit
breaker and supervised by an amber indicating light located on the recording and
instrument board. These indicating lights are grouped on the panel on the basis of the
dc buses they are connected to, and their wiring is physically separated on the panel
on the same basis.

8.2.1.5 Switchyard Control and Relaying

The design of the offsite (preferred) power system with its provision of two immediate
access circuits from the transmission network via Watts Bar Hydro Plant complies with
the NRC regulatory position expressed in Regulatory Guide 1.32 for the preferred
design of such a system.

The transmission line relay protection circuits at the hydro plant continuously monitor
the conditions of the offsite power system and are designed to detect and isolate the
faults with maximum speed and minimum disturbance to the system.
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The principal features of these schemes are described below. The two 161kV offsite
power lines to the nuclear plant are protected by two-zone step distance phase relays,
breaker failure, and backup ground relays. The other 161kV lines connected to the
Hydro plant are protected by three-zone (reversed third zone) step distance phase
relays augmented with directional comparison carrier blocking and have directional
overcurrent carrier ground, breaker failure, and backup ground relays. The relay
potential circuits are fed from a set of potential transformers connected to each main
bus section.

The 161kV transmission line protective relay system at the hydro plant provides for fast
detection of faults and is designed to maximize the reliability of the incoming power to
the nuclear plant. A breaker failure relaying scheme is provided at the hydro plant to
ensure system availability. Should a breaker fail to clear a fault, breaker failure relays
will isolate the fault by clearing all other breakers tied to the faulted bus section.

Figure 8.2-1A shows a single line diagram of the Watts Bar Hydro Plant switchyard.
The switchyard is monitored and controlled by personnel continuously on duty in the
System Operations Center (SOC) located in Chattanooga, Tennessee. The SOC
continuously monitors the Watts Bar Hydro switchyard and is capable of remotely
dispatching investigative responders for faults not isolated or cleared and achieving
the reset of protective relaying, i.e., bus differential, breaker failure, etc., and closing
switchyard breakers.

The 161kV breakers at the hydro plant are oil circuit breakers equipped with an
accumulator tank charged by a 250-volt dc compressor motor to provide compressed
air for the closing operation. Spring energy is used for tripping the breaker. These
breakers may be tripped manually at the breaker cabinet, remotely from the control
room or automatically by protective relay action.

The Watts Bar Hydro 161kV switchyard is protected by a bus differential relay scheme.
The bus differential relays continuously monitor the current inflow and outflow from the
bus section under their supervision. Whenever the current inflow does not equal the
current outflow, the relays operate instantaneously to trip and lock out all breakers in
their protected bus section.

Each common station service transformer at the nuclear plant is protected by a
percentage differential relay with harmonic restraint, a sudden pressure relay,
transformer phase overcurrent relays, and a neutral overcurrent relay in each
transformer's common 6.9kV neutral. The operation of the transformer protection
relays will trip and lock out the power circuit breakers connecting it to the hydro plant
switchyard, trip and lock out associated 6.9kV circuit breakers at the nuclear plant, and
start a high-pressure sprinkler system to prevent or extinguish any possible fire at the
nuclear plant.

The 161kV power supply to the common station service transformers possesses a high
degree of reliability even under electrical fault conditions. The following discussion
describes the sequence of events following postulated faults:

(1)  Transmission line fault.
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(2)

(3)

(4)

(5

If the instantaneous element of the line protective relays at the hydro plant is
actuated, the line breaker is tripped and a high speed reclosure occurs. If
after the high speed reclosure the fault has not cleared, the breaker will trip
again and a standard speed (synchronism check-voltage check) reclosure
occurs. In the majority of cases, these reclosures restore the line back to
service. There is no appreciable disturbance on the two feeders to the
common station service transformers. However, a trip after this will lock out
the breaker isolating the faulted line.

Transmission line fault and failure of the line circuit breaker at the hydro plant
to clear the fault.

The corresponding breaker failure relay is automatically initiated, starting a

timer. If the fault is not cleared within the time setting of the timer all circuit

breakers connected to that bus will be tripped and locked out. With normal

position of circuit breakers described previously, both offsite power circuits to
the nuclear plant continue to receive power without interruption.

Main bus fault in Watts Bar Hydro Plant Switchgear.

This type of fault is detected by the bus differential relays. When initiated,
bus differential relays trip and lock out the circuit breakers connected to the
faulted bus.

Common station service transformer faults at the nuclear plant or transformer
feeder faults.

These faults cause tripping of all the transformer circuit breakers on the high
(hydro switchyard) and low (nuclear plant) voltage sides of the transformer.
In addition, the trip relay initiates the transformer fire protection sprinkler and
starts the fire pump. This event results in the loss of two of the four common
station service transformers; the other two transformers continue to receive
power from the main bus in the hydro switchyard.

Common station service transformer faults at the nuclear plant or transformer
feeder faults and failure of one 161kV circuit breaker at the hydro plant to
operate properly.

These events caused the operation of protection described under 4 above,
followed by the operation of the breaker failure relay which trips all breakers
connected to the bus at the time of failure. The event results in the loss of
two of the four transformers; the other two transformers continue to receive
power from its main bus in the hydro switchyard.

Automatic transfers of the Class 1E power system from the normal power
supply to the alternate power supply only occur when the relay logic is
tripping a transmission line and the associated common station service
transformers.
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Control power for power circuit breakers and associated protective relays is supplied
by two independent 250V batteries and is distributed via circuit breakers on separate
panels. Figures 8.2-1B and 8.2-1C show the single line diagrams for the two panels
at Watts Bar Hydro Plant.

Two separate 250V dc buses are provided in these panels. Each bus can be fed from
one of the two 250V battery boards through manual, mechanically interlocked,
nonautomatic circuit interrupters. The power circuit breaker and associated relay
control circuits are allocated to these two dc buses on the basis of switchyard
connections. This allocation of control circuits ensures that the control and relay
circuits of the two nuclear plant lines are fed from two independent dc distribution
buses.

8.2.1.6 6.9kV Start Boards Control and Relaying

8.2-8

6.9kV Start Buses

The secondaries of common station service transformers A and B feed into two start
boards containing four circuit breakers each. Two of the circuit breakers, 1512 and
1614, are the normal and alternate feeders for start bus A while breakers 1612 and
1514 are the normal and alternate feeders for start bus B. Two other breakers, 2512
and 2614, are the normal and alternate feeders for RCP start bus A, and breakers 2612
and 2514 are the normal and alternate feeders for RCP start bus B. The two circuit
breakers feeding each start bus from a different common station service transformer
are interlocked and the control circuits arranged in such a manner that manually-
initiated high-speed (six cycles or less) transfers can be made from either breaker to
the other breaker. Automatic transfers can only be made from the normal breaker to
the alternate breaker and are delayed until the bus residual voltage reduces to 30% of
nominal. All automatic transfers are initiated by undervoltage on the bus. The 250V
dc normal control power for the pair of breakers feeding start bus A is supplied from a
separate battery and dc distribution board from that of the normal control power for the
two breakers feeding start bus B. Alternate control power feeders are similarly
segregated.

Manual control of the circuit breakers is provided on the electrical control board in the
Main Control Room where the operator has instrumentation showing the voltage on
each of the two buses and current flowing in each of the four CSST secondary
windings. The following annunciation is provided:

(1) Start Bus Fan Failure
(2) Start Bus Transfers
(3) Start Bus Failures or Undervoltage

Annunciation No. 3 is composed of bus differential relay operation, bus a.c. voltage
failure, and control bus dc voltage failure. Start bus A is the normal feeder to 6.9kV
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common board A and the alternate feeder to 6.9kV unit boards 1A, 1C, 2A, and 2C.
Start bus B is the normal feeder to 6.9kVV common board B and the alternate feeder to
6.9kV unit boards 1B, 1D, 2B, and 2D.

6.9kV Common Switchgear C and D, Start Board A and B

The secondaries of common station service transformers C and D feed into 6.9kV
common switchgear C and D (Figure 8.1-2a). Each switchgear contains two circuit
breakers which are aligned to the common station service transformers as follows:

(1)

(2)

(3)

Common station service transformer C:

This transformer provides normal (offsite) power from the secondary Y
winding to 6.9kV shutdown board 1A-A through circuit breaker 1712 and from
the secondary X winding to 6.9kV shutdown board 2A-A through circuit
breaker 2714. In addition, this transformer provides alternate (offsite) power
from the secondary X winding to 6.9kV shutdown board 1B-B through circuit
breaker 2714 and from the secondary Y winding to 6.9kV shutdown board
2B-B through circuit breaker 1712. These feeders are protected by
overcurrent and ground overcurrent relays. All of these switchgear circuit
breakers are normally closed.

These circuits are designated as R for separation identification.
Common station service transformer D:

This transformer provides normal (offsite) power from the secondary X
winding to 6.9kV shutdown board 1B-B through circuit breaker 2814 and from
the secondary Y winding to 6.9kV shutdown board 2B-B through circuit
breaker 1812. In addition, this transformer provides alternate (offsite) power
from the secondary Y winding to 6.9kV shutdown board 1A-A through circuit
breaker 1812 and from the secondary X winding to 6.9kV shutdown board
2A-A through circuit breaker 2814. These feeders are protected by
overcurrent and ground overcurrent relays. All of these switchgear circuit
breakers are normally closed.

These circuits are designated as P for separation identification.
Common station service transformer A:

This transformer provides offsite power, from the secondary Y winding
through circuit breaker 1512, for normal power to 6.9kV common board A and
alternate power to 6.9kV unit boards 1A, 1C, 2A & 2C. When normal power
to the 6.9kV shutdown board is not available to perform safe shutdown of the
plant, this transformer can be aligned manually to provide power to 6.9kV
shutdown boards. Normal (offsite) power from the transformer secondary Y
winding can be aligned to 6.9kV shutdown board 1B-B via 6.9kV start board
A through circuit breaker 1512 to 6.9kV unit board 1C through circuit breakers
1524 and 1722 and to 6.9kV shutdown board 1B-B through circuit breaker
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1726. Similarly, normal (offsite) power from transformer secondary Y winding
can be aligned to 6.9kV shutdown board 2B-B via 6.9kV start board A through
circuit breaker 1512 to 6.9kV unit board 2C through circuit breakers 1534 and
1822 and to 6.9kV shutdown board 2B-B through circuit breaker 1826.

These circuits are identified as P separation designation.
(4) Common station service transformer B:

This transformer provides offsite power, from the secondary Y winding
through circuit breaker 1612, for normal power to 6.9kV common board B and
alternate power to 6.9kV unit boards 1B, 1D, 2B & 2D. When normal power
to the 6.9kV shutdown board is not available to perform safe shutdown of the
plant, this transformer can be aligned manually to provide power to 6.9kV
shutdown boards. Normal (offsite) power from the transformer secondary Y
winding can be aligned to 6.9kV shutdown board 1A-A via 6.9kV start board
B through circuit breaker 1612 to 6.9kV unit board 1B through circuit breakers
1622 and 1714 and to 6.9kV shutdown board 1A-A through circuit breaker
1718. Similarly, normal (offsite) power from transformer secondary Y winding
can be aligned to 6.9kV shutdown board 2A-A via 6.9kV start board B through
circuit breaker 1612 to 6.9kV unit board 2B through circuit breakers 1632 and
1814 and to 6.9kV shutdown board 2A-A through circuit breaker 1818.

These circuits are identified as R separation designation.

Line-up of train A and B 6.9kV shutdown boards to CSST A and B is limited to only one
train at a time with both CSST A and B available.

All alternate and maintenance feeder circuit breakers located on the 6.9kV shutdown
boards are open during normal plant operation and are utilized only when the normal
power supply is not available. The maintenance supplies can be used to provide a
second qualified offsite power source to the 6.9kV shutdown boards when required.
All transfers between the normal, alternate and maintenance feeders take place at the
6.9kV shutdown boards.

6.9kV Common Station Switchgear C and D Control

The normal control power for circuit breakers 1712 and 2714 is supplied from the
existing 125V dc vital battery board [; the normal control power for circuit breakers
1812 and 2814 is supplied from the existing 125V dc vital battery board Il. This
arrangement provides physically and electrically independent supplies. Control power
circuits have been uniquely identified as P and R. P-designated cables are routed in
separate raceways from R-designated cables with any exceptions and their
justifications documented in the design criteria. The alternate control power for circuit
breakers 1712 and 2714 is supplied from existing 125V dc vital battery board Ill; the
alternate control power for circuit breakers 1812 and 2814 is supplied from existing
125V dc vital battery board IV. These cables have been routed such that with either
breakers 1712 and 2714 or breakers 1812 and 2814 receiving control power from the
designated alternate source (and with the other breaker pair receiving control power

OFFSITE (PREFERRED) POWER SYSTEM



WATTS BAR WBNP-102

from the normal source) physical and electrical independence of control power for each
switchgear is maintained.

Manual control of the circuit breakers is provided on the electrical control board in the
main control room where the operator has instrumentation showing the voltage on
each of the two buses and the current flowing in each of the four feeder breakers.

The following annunciation is provided: Loss of Control Power.

6.9 kV Start Boards A and B, Unit Boards and Common Boards Control Power

The normal and alternate control power feeds to 250Vdc Control Bus for 6.9kV Start
Boards A and B, Unit Boards 1B, 1C, 2B, 2C and Common Boards A and B are from
250V DC Turbine Distribution Board 1 and 2. The normal power feeder cables for
6.9kV Start Board 250Vdc control bus A are routed separate from those for control bus
B. The normal power feeder cables for 6.9kV Common Board A 250Vdc control bus
are routed separate from those for 6.9kV Common Board B. The normal power feeder
cables for 6.9kV Unit Board 1B 250Vdc control bus are routed separate from those for
6.9kV Unit Board 1C. The normal power feeder cables for 6.9kV Unit Board 2B 250Vdc
control bus are routed separate from those for 6.9kV Unit Board 2C.

Cables associated with CSST A are identified as P and cables associated with CSST
B as R for separation designation.

6.9kV Start Board Breakers Control - Bkr 1512 (N), Bkr 1612 (N)

The breaker control cables for circuit breaker 1512 for 6.9kV Start Bus A are routed
separately from those for normal circuit breaker 1612 for 6.9kV Start Bus B.

Control cables associated with breaker 1512 are identified as P and control cables
associated with breaker 1612 as R for separation identification. 6.9kV Start Bus
alternate feeder breakers 1614 and 1514 are not credited for supply of offsite power.

6.9kV Unit Board 1B, 1C, 2B, 2C breaker control (maintenance feeder path):

The breaker control cables for the maintenance path circuit breaker pairs 1714 (NC)
and 1622 (NO) at 6.9kV Unit Board 1B are routed separately from those for breakers
1722 (NC) and 1524 (NO) at 6.9kV Unit Board 1C. Similarly, the breaker control cables
for circuit breakers 1814 (NC) and 1632 (NO) at 6.9kV Unit Board 2B are routed
separately from those for breakers 1822 (NC) and 1534 (NO) at 6.9kV Unit Board 2C.

Control cables associated with breakers 1622, 1632, 1714 and 1814 are identified as
R and control cables associated with breakers 1524, 1534, 1722 and 1822 as P for
separation identification.

8.2.1.7 6.9kV Unit and RCP Board Control and Relaying

The alternate feeder to each 6.9kV unit and RCP board is from one of the start buses
with the normal feeder being from a unit station service transformer.
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Each 6.9kV unit and RCP board can be selected for automatic or manual transfer
between the normal and alternate supply breakers. Manual transfers are high speed
(6 cycles or less) and can be made from the normal to the alternate supply or from the
alternate to the normal supply. Automatic transfers can only be made from the normal
to the alternate supply. Automatic transfers initiated by loss of voltage on the unit
board are delayed until the bus residual voltage decreases to 30% of nominal. Those
transfers initiated by reactor trip or turbine trip signals on the unit or RCP boards are
high speed transfers. Control power is from the 250V dc distribution system.

The unit and RCP boards are protected by overcurrent, ground overcurrent, and
differential current protective relays. Manual control of the two feeder breakers of each
board is provided in the main control room. Load shedding provisions are included for
the RCP boards and will trip the alternate supply breakers on the 6.9kV RCP board 1C,
1D, 2C, and 2D. The operator has instrumentation that gives the voltage of each
board and the current flowing in either of the two feeder breakers. The following
annunciation is provided:

(1) Unit and RCP Board Transfer
(2) Unit and RCP Board Failure or Undervoltage
(3) Load Shedding Initiated

Annunciation No. 2 is composed of board differential relay operation, board ac voltage
failure, and control bus dc voltage failure. Annunciation No. 3 is composed of a loss
of voltage on either 6.9kV start bus A or B and both units 1 and 2 tripped.

8.2.1.8 Conformance with Standards

8.2-12

This section discusses provisions included in the design of the offsite (preferred) power
system to achieve a system design in conformance with requirements of GDC 17,
GDC 18, and NRC Regulatory Guides 1.6 and 1.32.

The following requirements of these documents apply to offsite power.

Criterion 17

General Design Criterion 17 requires that:

(1) “The offsite power supply be of sufficient capacity and capability to assure,
assuming the onsite (standby) power supply is not functioning, that

(a) Specified acceptable fuel design limits and design conditions of the
reactor coolant pressure boundary are not exceeded as a result of
anticipated operational occurrences, and

(b) The core is cooled and containment integrity and other vital functions
are maintained in the event of postulated accidents.”
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(2)

(3)

(4)

(5

"Electric power from the transmission network to the onsite electric
distribution system shall be supplied by two physically independent circuits
(not necessarily on separate rights of way) designed and located so as to
minimize to the extent practical the likelihood of their simultaneous failure
under operating and postulated accident and environmental conditions. A
switchyard common to both circuits is acceptable."

Each of the two circuits supplying electric power from the transmission
network to the onsite electric distribution system "shall be designed to be
available in sufficient time following a loss of all onsite alternating current
power supplies and the other offsite electric power circuit, to assure that
specified acceptable fuel design limits and design conditions of the reactor
coolant pressure boundary are not exceeded."

One of the two circuits supplying electric power from the transmission
network to the onsite electric distribution system "shall be designed to be
available within a few seconds following a loss-of-coolant accident to assure
that core cooling, containment integrity, and other vital safety functions are
maintained."

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

Criterion 18

General Design Criterion 18 requires that the offsite power circuits be designed to
permit periodic inspection and testing to show:

(1)

(2)
(3)

"The operability and functional performance of the components" of the
circuits,

The operability of the systems as whole systems, and

"Under conditions as close to design as practical, the full operation sequence
that brings the system into operation.”

Regulatory Guide 1.6

Regulatory Guide 1.6 requires that "Each ac load group should have a connection to
the preferred (offsite) power source. A preferred power source may serve redundant
load groups."

Regulatory Guide 1.32

Regulatory Guide 1.32 states that "Criterion 17 delineates the design requirements
regarding availability of power from the transmission network. Accordingly, a preferred
design would include two immediate access circuits from the transmission network. An
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acceptable design would substitute a delayed access circuit for one of the immediate
access circuits provided that availability of the delayed access circuit conforms to
Criterion 17."

Each of the above requirements and the provisions included in the design to meet them
is addressed in the discussion which follows:

The discussion is arranged in two parts:

(1) Physical measures for achieving independence and physical measures taken
to minimize the likelihood of failures of portions of the offsite power system
inducing failure of the other power sources and

(2) Functional provisions for achieving adequate capacity, capability, and
availability; functional measures taken to minimize the likelihood of failure of
portions of the offsite power system inducing failure of other power sources.

Physical Measures

The CSSTs and buses are connected and arranged to provide two physically
independent offsite power (OSP) circuits to the onsite (Class 1E) distribution system.
One OSP circuit that is connected to CSSTs A and D is designated P while the other
OSP circuit that is connected to CSSTs B and C is designated R. Circuits designated
P and R are routed in separate conduits and trays to assure physical independence
with any exceptions and their justifications documented in the design criteria.
Non-segregated phase buses are used to connect the secondaries of CSSTs C and D
to 6.9kV common switchgear C and switchgear D, respectively. Switchgear C and D
are separated by 70 feet between centerlines. The outdoor portions of the buses, are
weatherproof and equipped with 120V, single-phase heaters to maintain the
temperature inside the housing at least 5°C above outside temperature. The
conductors are fully insulated with flame-retardant material, bus supports are flame
retardant and the metal enclosures will prevent any arcing fault in one bus from
damaging the other bus.

The 6.9kV common switchgear C and D are connected to the 6.9kV shutdown boards
by cables arranged to provide two physically independent sources of offsite power.
The cables from both 6.9kV common switchgear C and D are in an underground
conduit bank to a conduit vault [

] From the conduit vault to the
Turbine Building, the cables are in overhead trays that are 17 feet above ground . The
cables for the normal circuits are routed through cable trays and separate conduits
through the Turbine Building and into the Auxiliary Building to the 6.9kV shutdown
boards. The cables for the alternate circuits are routed through cable trays and
separate conduits alongside the exterior of the Turbine Building, across the top of the
Control Building, and then enter the top of the Auxiliary Building and drop down to the
shutdown boards . This routing assures that the normal and alternate feeds for each
shutdown board are physically separate and independent of each other. It does result
in circuits from the secondaries of CSST C (designated as R) and CSST D (designated
as P) being routed on common support structures for a distance of 42 feet from a
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conduit vault to the Turbine Building wall. These tray supports are separated
horizontally 6-1/2 feet, and the trays are 17 feet above grade, except where they enter
the conduit vault. |

]

These cables (designated P and R) are routed in close proximity to each other in the
conduit vault as they transition from the cable trays to their respective common
switchgear ductbank, and in the Turbine Building as they transition from the cable trays
to their respective conduits. These cables routed in free air, where they are in close
proximity in the conduit vault and Turbine Building, are fire-wrapped to preclude one
faulted circuit from affecting the other circuit.

A chain link fence separates the cable tray supports from a maintenance access road.
In addition, there is a 4-foot slope from the base of the pedestal-type supports to the
road which is 10 feet away. Due to the size and quantity of insulated cables in each
tray, it is very unlikely that either circuit would be lost due to a collapse of a support for
any reason. Since cables for each circuit are separated as 3-phase bundles in the
respective P or R designated tray, phase-to-phase faults between normal or alternate
circuits are considered extremely unlikely. Thus, a ground fault on one circuit is the
most likely type of fault.

A ground fault or a short circuit on the secondary side of either CSST C or CSST D is
cleared by operation of its respective breaker in the Watts Bar Hydro Plant 161kV
switchyard. An automatic transfer of the loads fed from the faulted CSST will be
initiated to the unfaulted CSST.

The faulted circuits can be isolated by opening the 6.9kV common switchgear C and
D breakers. By reclosing the WBH 161kV switchyard breakers, power can be restored
to the nuclear plant 6.9kV shutdown boards through the unfaulted secondaries of
CSST C and/or D. An alternate path is available to the shutdown boards from the
161KkV circuits by way of CSST A and/or CSST B through the maintenance supply
circuit from the 6.9kV unit boards to the 6.9kV shutdown boards.

The offsite circuits are designed and located so as to minimize to the extent practical
the likelihood of their simultaneous failure under operating and postulated accident
conditions.

Common station service buses A and B maintain 61 feet centerline-to-centerline
separation, until they converge at the unit start board. The buses run on separate
support structures and run approximately 15 feet before entering the unit start board.
At the unit start board, these buses enter the outdoor, metal-clad switchgear and
connect to the board supply breakers. The buses are provided with gas resistant seals
at the entry to the switchgear. The supply and feeder breakers at the 6.9kV unit start
board are electrically operated, vertical lift drawout type, with stored energy
mechanisms. The unit start board consists of a normal feeder breaker and an alternate
feeder breaker for each of the 6.9kV start buses A and B and the RCP start buses A
and B. The normal feeder breaker and the alternate feeder breaker obtain their supply
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from separate buses and separate common station service transformers, thereby
giving each start bus two possible and independent sources of power.

From the feeder breakers of the 6.9kV unit start board, the two 6.9kV unit start buses
A and B and RCP start buses A and B run on separate support structures. These
buses are outdoor, non-segregated, and the conductors are fully insulated with flame-
retardant material. At the penetration of the outside building wall, the unit buses are
provided with fire- and moisture-resistant barriers. The RCP start buses enter the
outdoor metal-clad switchgear and connect to the RCP board supply breakers. These
breakers are electrically operated, vertical lift drawout type, with stored energy
mechanisms.

The 6.9kV start buses enter the turbine building spaced 8 feet 6 inches centerline-to-
centerline and maintain this spacing through the building. The start buses are tapped
at appropriate places and routed to the appropriate supply breakers in the 6.9kV unit
and 6.9kV common boards. The start buses enter the unit board supply breakers
through the top of the boards. The unit board normal supply breaker and alternate
supply breaker for each board are separated along the length of the board by several
feeder breakers, thereby preventing a fault in one supply breaker from damaging the
other. All buses are provided with gas-resistant seals at entry to the switchgear.

Functional Measures

Compliance with GDC 17 is discussed in the following paragraphs.

Each of the two 161kV circuits providing offsite power to Watts Bar Nuclear Plant is
supplied through two power circuit breakers connecting with separate sections of the
main bus in the WBH Plant switchyard. The two overhead transmission lines are
routed to minimize the probability of their simultaneous failure. Each 161kV line
terminates at a pair of 161 - 6.9kV common station service transformers (A and D, and
B and C, respectively). Each pair of transformers, as well as the buses and cables that
are used to connect them to the onsite power (standby) distribution system at the
6.9-kV shutdown boards are physically and electrically independent.

CSST A or B (but not both simultaneously) may be used as an immediate or delayed
source replacement for CSSTs D or C, respectively, through the 6.9kV shutdown board
maintenance supply breakers. When used as a delayed source, the affected shutdown
board maintenance feeders are supplied from the USSTSs through the Unit Boards and
are automatically transferred to CSST A or B in the event of a unit trip. Use of CSST A
or B as an offsite source requires that the associated power and control feeders be in
their normal positions to ensure independence. Feeders for CSST A are independent
of those for CSST C and feeders for CSST B are independent of those for CSST D.
Supply of one or both trains of Class 1E power by CSST A or B requires manual
breaker operations to align the CSST source to the shutdown board maintenance
feeders.

Each of the 6.9kV shutdown boards is connected to the offsite power circuits via
common station service transformer (CSST) C or D through the 6.9kV shutdown
boards normal or alternate supply breakers. For a loss of power from either CSST C
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or D not due to a fault in the CSST differential zone of protection, under this alignment,
the affected 6.9kV shutdown board loads will be disconnected from offsite power and
sequentially loaded onto their respective diesel generator.

For an acceptable range of 161kV grid conditions, either offsite power circuit can start
and supply all electrical equipment that would be supplied from the Class 1E
distribution systems for a design basis accident in one unit and simultaneous orderly
shutdown of the other unit and a simultaneous single worst case transmission system
contigency. For this event, transformers C or D would be operating within its OA rating
and transformers A or B within its FA rating and adequate voltage would be supplied
to the safety-related buses. A load-shedding scheme is provided to reduce the BOP
loads under certain conditions, but no credit is taken for load shedding in the TSS.

The BOP load-shedding scheme trips selected loads if both Unit 1 and 2 generators
are tripped and either CSST A or B is out of service. Initiation of load shedding is
accomplished automatically by undervoltage at transformer secondary Y-winding of
either CSST A or B, and both Unit 1 and 2 generators tripped. Two reactor coolant
pumps per unit are tripped when the above conditions exist. Tripping of these loads
results in a significant reduction (50% of the reactor coolant pumps) of the station load.

The load-shedding scheme consists of two redundant trip and lockout circuits for each
circuit breaker receiving a load-shed command. The redundant load- shedding circuits
are located in different 6.9kV start boards. One load- shedding circuit associated with
CSST Ais in 6.9kV start board A, and the other which is associated with CSST B is in
6.9kV start board B. Control power to the redundant auxiliary power system (APS)
load-shedding circuits is provided from separated 250V dc batteries and battery
boards. APS load- shedding circuit 1 receives control power from 250V DC Battery 1
via 250V Turbine Building Board 1, and APS circuit 2 from 250V DC Battery 2 via 250V
Turbine Building Board 2. Loss of control power to either 250V Turbine Building Board
initiates automatic transfer from the normal dc supply to the alternate dc supply with
annunciation that auto transfer has occurred. This maximizes the ability of the load-
shedding scheme to operate if grid and generator conditions warrant such operation.

The 6.9kV shutdown boards are provided with loss-of-voltage and degraded- voltage
relays that initiate transfer from the normal supply, to the standby (diesel generator)
power supply. If the standby supply is paralleled with one of the offsite supplies for
testing, loss of the standby supply would cause reverse power relays to trip the standby
circuit breaker.

For a loss of offsite power during diesel generator testing, the diesel generator will
switch to the emergency mode of operation with one exception. The diesel generator
will remain in the testing mode if the 6.9kV shutdown board's offsite power feed is
through the alternate feeder. In this case, the diesel generator's overcurrent relays are
active to prevent the diesel generator from being overloaded. If an accident signal is
initiated during testing of the standby supply, the standby breaker is tripped and the
emergency loads are automatically energized by the offsite power supply. Should a
LOCA and a loss of offsite power occur when a diesel generator is paralleled with the
grid under test, its 6.9kV shutdown board standby and supply breakers are tripped,
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load shedding occurs and the diesel generator sequencer will load the accident loads.
Only one diesel generator will be in the test mode (i.e., operated in parallel with the
offsite power supply) at any given time unless both units are in cold shutdown or not
fueled; then, both diesels of the same train may be in test. Therefore, loss of any onsite
power generation will not prevent the distribution system from being powered from the
offsite circuits.

Common station service transformers C and D both have two 6.9kV secondary
windings with automatic high-speed load-tap changer units. Each secondary of the
transformer is the normal power supply for one 6.9kV shutdown board in each unit.
Each secondary is also the alternate power supply for the opposite train, opposite unit
6.9kV shutdown board in each unit.

The impedance between the two 6.9kV secondary windings is more than 93% of the
sum of the H to X and H to Y winding impedances, (H refers to the primary winding).
The loading on one 6.9kV winding has little effect on the voltage at the other winding,
although this effect was considered in establishing grid interface requirements.

Overcurrent relaying and loss-of-voltage relaying for the shutdown boards are
coordinated so that a faulted or overloaded bus will not be transferred from one
preferred power circuit to another because of depressed voltage resulting from the
fault or overload. For the range of grid conditions identified as acceptable, loss of
power from one offsite power circuit, whether from failure at the transmission grid
interface, failure of any part of the preferred power circuit itself, or failure of part of the
onsite distribution system, will not cause loss or degradation of the other offsite power
circuit. CSST A, B, C and D trips are initiated by any transformer or line failure relay
such as fault-pressure, transformer-overcurrent, ground-current, line-protection, or
differential relaying. Initiation of a CSST trip by these protective devices also causes
automatic fast transfer of the 6.9kV shutdown boards normally supplied from that
CSST to their alternate supplies.

The design of the control power feeders to 6.9kV common switchgear C and D and to
6.9kV shutdown boards ensures compliance with GDC 17, i.e., a loss of control power
will not result in a loss of power from CSSTs C and D which provide ac power to Train
A and Train B shutdown boards respectively. Specifically, 6.9kV common
switchgear C that normally provides ac power to Train A 6.9kV shutdown board
receives control power from the vital battery that provides control power to the Train A
6.9kV shutdown board. Similarly, the control power to 6.9kV common switchgear D is
from the vital battery that provides control power to Train B 6.9kV shutdown board.

The 6.9kV common switchgear C (circuit breakers 1712 and 2714) and 6.9kV
shutdown board 1A-A feeder breakers 1716, 1718, and 1932 receive normal control
power from 125 VDC vital battery board (VBB)I. The 6.9kV common switchgear D
(circuit breakers 1812 and 2814) and 6.9-kV shutdown board 1B-B feeder breakers
1726, 1728, and 1934 receive normal control power from 125 VDC VBBII. A design
basis loss of VBBI and a single failure of VBBII (loss of control power) will result in the
inability to automatically trip 6.9kV common switchgear C and D, respectively, and will
inhibit the automatic transfer of the respective 6.9kV shutdown board until manual
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transfer to the alternate control power source is accomplished locally at the switchgear.
However, this does not result in loss of offsite power; breakers 1712 and 2714 on
6.9-kV common switchgear C or breakers 1812 and 2814 on 6.9-kV common
switchgear D will remain in their normally closed position.

The non-1E control power circuits from the vital battery boards to 6.9-kV common
switchgear C and D have redundant protection (breaker and fuse) in the event of a
failure. Selective coordination exists between the non-1E and Class 1E circuits that
are fed from each of the vital battery boards. Thus, failure of all of the non-1E control
power circuits on the vital battery boards will not have any effect on the 1E circuits or
battery boards. WBNP is in full compliance with GDC 17.

Use of CSST B as a replacement for CSST C requires control of breakers on 6.9kV
start board B and 6.9kV unit boards 1B and 2B. Similarly, use of CSST A as a
replacement for CSST D requires control of breakers on 6.9kV start board A and 6.9kV
unit boards 1C and 2C. These breakers are controlled with non-1 E 250Vdc supplied
by 250Vdc Turbine Building Distribution Boards 1 and 2. The normally aligned 250Vdc
power sources and control power feeders to the start boards and unit boards meet the
requirements for independence of offsite sources in accordance with GDC-17.

Regulatory Guide 1.6 has been implemented by providing each ac load group with a
connection to each of the preferred source circuits. Figure 8.1-2 indicates that
redundant power trains in each unit are fed from different preferred source circuits.
The two preferred source circuits are, however, shared between the two nuclear units.

Regulatory Guide 1.32 has been implemented by providing two immediate access
circuits to the transmission network. Figures 8.1-2, 8.1-2a, 8.1-2b, and 8.2-1 indicate
the functional arrangement of these continuously energized circuits.

Normal power is supplied to the 6.9-kV unit boards by the unit station service
transformers; to the 6.9-kV common boards A and B by CSSTs A and B, and to the
6.9kV shutdown boards by the CSSTs C and D during normal plant operation.

CSSTs A and B supply power to the 6.9kV unit boards and 6.9kV common boards A
and B during startup or shutdown. CSSTs A and B have been retrofitted with automatic
On Load Tap Changer.

Power continuity to the 6.9kV shutdown boards is provided from CSSTs C and D. To
provide a stable voltage, these transformers have automatic high-speed load-tap
changers on each secondary, which adjust voltage based on the normally connected
shutdown boards. The load tap changers also have the capability to be manually
adjusted from the control room, but automatic operation is the normal mode.

The 6.9kV shutdown boards may also be powered from the unit boards. CSSTs A &
B have been retrofitted with automatic load tap changers and can be used to supply
offsite power to Class 1E power systems.

In addition to compliance with the above standards for portions of the offsite power
system, the 6.9kV start board, 6.9kV unit boards, 6.9kV RCP boards, and the
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associated 6.9kV buses were procured in accordance with certain TVA standards and
industry standards. TVA specifications require conformance of this equipment to such
standards as the following: the overall construction, ratings, tests, service conditions,
etc. are required to be in conformance to ANSI C37.20 and NEMA SG-5; the power
circuit breakers are referenced to ANSI C37.4 through C37.9 and NEMA SG-4;
associated relays are specified to conform to ANSI C37.1, instrument transformers to
ANSI C57.13 and NEMA EI-2, and wiring to IPCEA S-61-402 and NEMA WC5.

The design of the equipment arrangement was also implemented to comply with
GDC 3 for fire protection and with GDC 18 and Regulatory Guide 1.22 for each of
periodic tests and inspections.

In accordance with GDC 18 requirements, the offsite power system has been designed
to permit appropriate periodic inspection and testing. Transfers from the normal
(offsite) supply to the alternate (offsite) supply, or from the normal or alternate supply
to the standby supply, may be manual or automatic. Testing of these transfers while
the nuclear unit is at power could result in transients that could cause tripping of the
reactor or turbine. For this reason, testing of the manual and automatic sequence will
be performed when the unit is shutdown. Provisions exist for individual testing of the
BOP load-shedding circuits while maintaining the load-shedding capability of the circuit
not being tested.

8.2.2 Analysis

8.2-20

Each 161kV circuit and CSSTs C and D have sufficient capacity and adequate voltage
to supply the essential safety auxiliaries of a unit under loss of coolant accident
conditions concurrent with a simultaneous worst-case single transmission system
contingency.

Physical separation of lines, primary and backup protection systems, and a strong
transmission grid minimize the probability of simultaneous failures of offsite power
sources. Results of steady-state and transient stability studies show that the offsite
power sources remain intact and are reliable sources to supply the onsite electric
power system for (1) an Sl in a WBN nuclear unit with an electrical fault in the generator
step-up transformer, or (2) an Sl in a WBN nuclear unit and either the loss of SQN
Unit 2, the loss of the largest load on the grid (Bowater 161kV substation), or the loss
of the most critical transmission line.

Transient unit stability studies were performed to show that the WBN unit and the
Watts Bar Hydro Plant Units would maintain synchronism for a line-to-ground fault and
a stuck breaker. Transient voltage stability studies were performed on the 500kV and
161kV systems by simulating a line-to-ground fault with a stuck breaker. These studies
were performed to ensure relay coordination, unit stability, and voltage recovery
requirements were met.

System Operation

Each 6.9kV shutdown board can be powered through any one of four shutdown board
supply breakers. For normal operation, power is supplied from the common station
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service transformers C and D through the 6.9kV common switchgear C and D circuits.
The normal supply breakers are shown normally closed on Figure 8.1-2a. Shown
normally open are the breakers that connect the alternate offsite power circuits to the
shutdown boards (via CSSTs C or D), the emergency supply breakers that connect
each shutdown board to a separate standby diesel generator, and the maintenance
supply breakers that can provide power to the shutdown boards via the unit boards.

Automatic fast-bus transfers from the normal to the alternate source are initiated by
CSST protection devices. Return to the normal supply is manual only. Manual
transfers are fast transfers completed in approximately six cycles. Manual transfer
may be effected between any incoming feeder breakers.

Each 6.9kV shutdown board is equipped with loss-of-voltage and degraded-voltage
relaying. When a shutdown board is connected to either its normal or alternate power
source, loss-of-voltage or degraded-voltage initiates bus transfers to the standby
diesel generator supply.

The degraded-voltage relays (27 DAT, DBT, DCT) have a voltage setpoint of 96% of
6.9kV (nominal, decreasing). These relays are arranged in a two-out-of-three
coincidence logic (Figure 8.3-5A) to initiate a 10-second (nominal) time delay. If the
voltage is still low at the end of 10 seconds, an alarm will be annunciated in the Control
Room, a trip of the 6.9kV shutdown-board supply breaker will occur, load shedding
from the 6.9kV and 480V shutdown boards and diesel generator start will be initiated,
and the 480V shutdown-board current-limiting reactor-bypass breaker will close.

The undervoltage protection consists of three sets of relays. The first set of these
relays (27LVA, LVB, LVC) has a voltage setpoint of 87% of 6.9kV (nominal,
decreasing). These relays are arranged in a two-out-of-three coincidence logic (Figure
8.3-5A) to initiate a time delay that is set at 0.75 seconds. Atthe end of this time delay,
if the voltage is still low, a trip of the 6.9kV shutdown-board supply breaker will occur.
Once the supply breakers have been opened, a second set of induction disk-type
undervoltage relays, 27D, which has a voltage setpoint of 70% of 6.9kV (nominal,
decreasing) and an internal time delay of 0.5 seconds (nominal) at zero volts, will start
the diesel generator. A third set of induction disk-type undervoltage relays, 27S, which
has a voltage setpoint of 70% of 6.9kV (nominal, decreasing) and an internal time
delay of 3 seconds (nominal) at zero volts, will initiate load shedding of the loads on
the 6.9kV shutdown board, selected loads on the 480V shutdown board, and closure
of the 480V shutdown-board current-limiting reactor bypass breaker.

The time delays associated with the 27DAT, DBT, DCT and with the 27LVA, LVB, LVC
relays are designed to allow for normal voltage transients on the system.

Voltage relays monitor the circuits to each 6.9kV shutdown board's alternate and
emergency supply breakers and permit automatic transfer to those sources only when
adequate voltage is available. A typical transfer scheme is shown schematically in
Figure 8.3-5 for 6.9kV shutdown board 1A-A.

To protect the Class 1E equipment from a sustained over-voltage, each 6.9kV
shutdown board is provided with a set of two instantaneous solid-state overvoltage
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relays, 59-O. These relays are arranged in a one-out-of-two logic which annunciates
in the main control room after a short time delay. The relays have a nominal voltage
setpoint of 7260 volts +1% (110% of motor rated voltage). Upon receipt of the
overvoltage alarm, the operator takes the necessary action to reduce the voltage.

The loss-of-voltage load-shedding relays are not bypassed when on diesel power, but
will remain in the circuit at all times. WBNP's basis for retention of this feature is that
it provides for automatic resequencing of the loads following any temporary loss of bus
voltage. Since the loss-of-voltage load-shedding relay setpoint is fixed at 4830 volts +
5% (70% of 6.9kV) with an inverse time delay, the starting of the largest driven load will
not cause actuation of the load shedding feature. Therefore, the operation of the load-
shedding relay system is:

(1) To shed the loads to prevent overloading the diesel generator and close the
480V shutdown-board current-limiting reactor-bypass breaker.

(2) Allow the diesel generator to recover to rated speed and voltage.
(3) And reconnect the loads in proper sequence.

Overcurrent and differential overcurrent protective relays are provided for each
shutdown board to lockout all supply breakers if the loss of voltage is caused by
overload or an electrical fault. This prevents transfer of a fault between offsite power
circuits or to the diesel generator. This minimizes the probability of losing electrical
power from the transmission network on the onsite electrical power source.

Each of the offsite preferred power sources is monitored by an undervoltage relay. In
the event of a loss of voltage on either 6.9kV start bus A or B with both units tripped,
the load-shedding scheme will be initiated. This load-shedding scheme will trip off part
of the BOP loads. The alternate supply breakers on 6.9kV RCP boards 1C, 1D, 2C and
2D will be tripped and locked out. Two redundant trip and lockout circuits are provided
for each circuit breaker being load-shed. These redundant circuits have coincident
logic features to minimize the probability of failure to operate and spurious trips.
Functional test capability is built into each load-shedding circuit. The test features
allow independent testing of each circuit while maintaining the load-shedding feature
of the circuit not undergoing testing. The redundant load-shedding circuits will be
tested periodically.
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Table 8.2-1 Common Station Service Transformer (CSST) Loading
(Sheet 1 of 2)

Equipment Max Load* or Rating (MVA)
CSST A
H-WDG 76 MVA
X-WDG 48 MVA
Y-WDG 48 MVA
CSST B
H-WDG 76 MVA
X-WDG 48 MVA
Y-WDG 48 MVA
CSST C
H-wWDG 55 MVA
X-WDG 40 MVA
Y-WDG 40 MVA
CSST D
H-WDG 55 MVA
X-WDG 40 MVA
Y-WDG 40 MVA
*The worst case loading is less than or equal to the transformer rating.
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Table 8.2-1 Offsite Power System Equipment Capabilities — Worst-Case-Parameters

(Continued)
(Sheet 2 of 2)

Equipment Limits

Rating or Nominal Allowable Operating

Time

A. Balance of Plant Motors
6.6-kV Rated

Min Operating kV
5.94 kV

Min Starting kV
5.61 kV

Max Operating kV
7.26 kV

B. Class 1E Motors
6.6-kV Rated

Min Operating kV
5.94 kV

Min Starting kV
5.61 kV

Max Operating kV
7.26 kV

EQUIPMENT CAPABILITIES VOLTAGE LIMITS

Continuous

Not Applicable

Continuous

Not Applicable
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Figure 8.2-3 Switchyard Electrical Equipment General Arrangement Plan
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Figure 8.2-4 Switchyard Electrical Equipment General Arrangement Plan
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