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8.0 ELECTRIC POWER
8.1 INTRODUCTION

The Licensee’s transmission system, along with points of interconnection with
neighboring utilities, is shown in Figure 8.1-1. The Licensee is a member utility of the
Virginia-Carolinas (VACAR) Subregion Reliability Agreement which is a part of the
Southeastern Reliability Council. As a member of such a group, the Licensee can
supply power to, or consume power from other members, as its system allows or
demands. Transmission system ties to other utilities are as listed in Table 8.1-1. The
specific interface between the transmission grid and the Virgil C. Summer Nuclear
Station is discussed in Section 8.2.

The Virgil C. Summer Nuclear Station 230 kV switchyard has a single bus, single
breaker arrangement, with three main bus sections. The center section is designated
bus section 3, the east section designated bus section 1 and the west section
designated bus section 2. A tap from bus section 2 provides a subsection of this bus
with two bay positions for the Fairfield No. 1 and No. 2 lines.

The Parr 115 kV engineered safety features (ESF) line terminates in a bay in bus
section 3, crosses over bus section 3 with rigid bus construction, and continues to the
Virgil C. Summer Nuclear Station.

There is an Alternate AC (AAC) source of power installed that is fed from an
underground 13.8kV cable to the Parr Hydro Power Station (Separate from Parr
Generating Complex). This line feeds a 13.2/7.2kV weather event hardened
transformer located in the VCS Substation that is connected on the low side to a
non-safeguards bus in the turbine building. This source of power was designed to the
requirements of NUMARC 87-00 App B and can power one entire safeguards train of
equipment.

The onsite power network consists of three non-Class 1E distribution networks and two
independent, redundant Class 1E distribution networks. The voltage levels of each
network are 7200 volts, 480 volts and 120 volt a-c and 125 volt d-c.

The main source of power for the non-Class 1E networks is the unit auxiliary
transformer which is connected to the output of the main generator between the
generator circuit breaker and the low voltage bushings of the main power transformer
(see Figure 8.2-3).

The emergency auxiliary transformers provide an emergency source of power for the
non-Class 1E distribution network.

The normal source of power for the two independent Class 1E distribution networks are
the ESF transformers and a winding of the emergency auxiliary transformers. These
two sources of power also serve as an alternate source of power to each other (see
Figures 8.2-3 and 8.2-4).
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Two diesel generators are provided, one for each of the Class 1E buses to serve as an
emergency source of power. The safety-related loads their safety functions and power
requirements, supplied by the two emergency diesel generators are listed in Table
8.3-3. The ESF battery buses, inverter buses and associated loads are shown by
Figures 8.3-1 and 8.3-2.

The Class 1E power network provides an adequate and reliable source of electric power
for safe reactor shutdown following any design basis event, including loss of offsite
power and for all normal modes of station operation.

The Virgil C. Summer Nuclear Station electrical systems are designed to comply with
the scope of IEEE-308 ["! as specified in Section 1 of IEEE-308. Onsite power systems
are designed to satisfy the applicable criteria of Reference [, as well as the criteria of
Regulatory Guides 1.6 and 1.9 (see Appendix 3A).

Implementation of IEEE Standards and the extent to which any alternative approaches
are used is itemized in Table 8.1-2. Applicable criteria, including: General Design
Criteria, Appendix A to 10 CFR 50; Regulatory Guides; and Branch Technical Positions
are listed in Table 8.1-3 with references to appropriate sections of this FSAR.
Implementation of Regulatory Guides is discussed in Appendix 3A.

8.1.1 REFERENCES

1. Institute of Electrical and Electronics Engineers, "Criteria for Class 1E Electric
Systems for Nuclear Power Generating Stations," IEEE-308-1971.
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TRANSMISSION SYSTEM TIES TO OTHER UTILITIES

TABLE 8.1-1

South Carolina Electric
and Gas Company

Virgil C. Summer
Virgil C. Summer
Arthur M. Williams
Lyles

Lyles

St. George

Faber Place
Faber Place
Pepper Hill

CLM Tap

Parr

Parr

Georgia Pacific
White Rock

Wateree
Santee
Eastover

Urquhart
Urquhart
Calhoun Falls
Hardeeville

Savannah River Plant

South Carolina
Public Service Authority

Blythewood
Winnsboro
Charity

Eastover
Richland

St. George
College Park
North Charleston
Mateeba

Southeastern
Power Administration

Clark Hill

Duke Energy
Newport

Bush River
Bush River (R)
Bush River (Y)

Progress Energy

Sumter
Summerton
Shaw

Georgia Power Company

Colnip
Colnit
Hart
Mclintosh

Savannah River Services

Vogtle

8.1-3

Voltages(kV

230 aN

230 12-026
12-028

230

115

115

115

115

115

230

115

RN
12-026

230
230
115
115

RN
12-026

230
230
115

115 (N.O.)
115 (N.O.)
115 (N.O.)
115

RN
12-026

230
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TABLE 8.1-2

IMPLEMENTATION OF IEEE STANDARDS

IEEE-279-1971, "Criteria for Protection Systems for Nuclear Power Generating
Stations," (ANSI N42.7, 1972).

Refer to Sections 7.1, 7.2, 7.3 and 7.6.

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

Onsite and offsite electrical power systems are designed to satisfy the applicable
criteria of IEEE-308-1971.

Refer to Sections 7.1.2.1.3, 7.6.1.2, 8.1, and 8.2.2.1. gRglooz
IEEE-317-1972, "Electric Penetration Assemblies in Containment Structures for
Nuclear Power Generating Stations."

Electrical penetrations are designed and fabricated in accordance with the
requirements of IEEE-317-1972.

Refer to Sections 3.11.2.2.2 and 7.1.2.9 and the discussion of Regulatory Guide
1.63 in Appendix 3A.

IEEE-323-1971, "General Guide for Qualifying Class 1E Electrical Equipment for
Nuclear Power Generating Stations."

RN
Environmental Qualification (EQ) of Class 1E electrical equipment is addressed in 99-002
Section 3.11, which identifies the commitment to NUREG-0588, Cat. Il
(IEEE-323-1971) for the original plant design. NUREG-0588, Cat. |
(IEEE-323-1974), 10CFR50.49, and NRC RG 1.89 requirements have also been
used as the bases for environmental qualification, as described in FSAR Section
3.11 and Appendix 3A, under NRC RG 1.89.

IEEE-336-1971, "Installation, Inspection and Testing of Nuclear Power Generating
Station Protection Systems," (ANSI N45.2.4., 1972).

Refer to Section 8.3.1.3 and Chapters 14.0 and 17.0.

IEEE-338-1971, "IEEE Standard Criteria for the Periodic Testing of Nuclear Power
Generating Station Class 1E Power and Protection Systems."

Refer to Section 7.1.2.11 and Chapter 14.0.
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10.

TABLE 8.1-2 (Cont.)

IEEE-344-1975, "IEEE Recommended Practices for Seismic Qualification of Class
1E Equipment for Nuclear Power Generating Stations."

Class 1E electric equipment is tested and data is recorded to ensure that
equipment satisfies design performance requirements during and following a safe
shutdown earthquake (SSE). The qualification program meets the requirements of
IEEE-344-1975 as discussed in Section 3.10.

IEEE-379-1972, "Guide for the Application of the Single Failure Criteria to Nuclear
Power Generating Station Protection Systems," (ANSI N41.2).

Refer to Section 7.1.2.7 and the discussion of Regulatory Guide 1.53 in
Appendix 3A.

IEEE-384-1974, "Criteria for Separation of Class 1E Equipment and Circuits,"
(ANSI N41.14).

Refer to Sections 7.1.2.2.1, 8.3.1.4 and 8.3.1.5 and the discussion of Regulatory
Guide 1.75 in Appendix 3A.

IEEE-387-1972, "Criteria for Diesel Generator Units Applied As Standby Power
Supplies for Nuclear Power Stations."

IEEE-387-1972 is used as the basis for design criteria for the diesel generators
and accessories. Included among the referenced standards in IEEE-387-1972,
Section 4.1, are IEEE-308-1971 and IEEE-323-1971. Diesel generators are
designed to satisfy these standards.

IEEE-450-1987, "Recommended Practice for Maintenance, Testing and
Replacement of Large Stationary Type Power Plant and Substation Lead Storage
Batteries."

Refer to Section 8.3.2.2.2.
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Criteria

General Design Criteria (GDC),
Appendix A to 10 CFR 50

GDC-1
GDC-2

GDC-3
GDC-4
GDC-5

GDC-13
GDC-17

GDC-18

GDC-21
GDC-22
GDC-33
GDC-34

TABLE 8.1-3
LIST OF APPLICABLE CRITERIA

Title

Quality Standards and Records

Design Bases for Protection Against
Natural Phenomena

Fire Protection
Environmental and Missile Design Bases

Sharing of Structures, Systems and
Components

Instrumentation and Control

Electric Power Systems

Inspection and Testing of Electric Power
Systems

Protection System Reliability and Testability

Protection System Independence
Reactor Coolant Makeup

Residual Heat Removal

8.1-6

Reference FSAR Section(s)

3.1.2
3.1.2,3.10, 3.11

3.1.2,71.2.2.3,8.3.3.2
3.1.2
3.1.2

3.1.2,7.3.1,7.3.2

3.1.2,8.21,8.2.2.2,8.3.1.2.1,
8.3.2.2.1

3.1.2,8.2.1,8.3.1.2.1,8.3.2.2.1

3.1.2,7222,73.1,7.3.2
3.1.2,7.2
3.1.2,83
3.1.2,83
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Criteria

GDC-35
GDC-41
GDC-44

Regulatory Guides (RG)
RG 1.6

RG 1.9
RG 1.22
RG-1.29

RG 1.30

RG 1.32

TABLE 8.1-3 (Continued)
LIST OF APPLICABLE CRITERIA

Title

Emergency Core Cooling
Containment Atmosphere Cleanup

Cooling Water

Independence Between Redundant
Standby (Onsite) Power Sources and
Between Their Distribution Systems

Selection of Diesel Generator Set Capacity
for Standby Power Supplies

Periodic Testing of Protective System
Actuation Functions

Seismic Design Classification

Quality Assurance Requirements for the
Installation, Inspection and Testing of
Instrumentation and Electric Equipment

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

8.1-7

Reference FSAR Section(s)

3.1.2,8.3
3.1.2,8.3
3.1.2,8.3

App. 3A, 8.1, 8.3.1.2.1,8.3.2.2.1

App. 3A, 8.1,8.3.1.1.2.4,8.3.1.2.1
App. 3A,7.1.25,7.3.2
App. 3A RN

99-002
App. 3A, Chapter 17.0

App. 3A,8.2.1,8.3.1.2.1,8.3.2.2.1
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TABLE 8.1-3 (Continued)
LIST OF APPLICABLE CRITERIA

Criteria Title Reference FSAR Section(s)

RG 1.41 Preoperational testing of redundant onsite App. 3A, 8.3.1.1.2.6, Chapter 14.0
Electric Power Systems to verify proper
load group assignments.

RG 1.47 Bypassed and Inoperable Status Indication  App. 3A,7.1.2.6
for Nuclear Power Plant Safety Systems
RG 1.53 Application of the Single Failure Criterionto  App. 3A, 7.1.2.7
Nuclear Power Plant Protection Systems
RG 1.63 Electric Penetration Assemblies in App. 3A,7.1.28,8.3.1.14

Containment Structures for Water-Cooled
Nuclear Power Plants

RG 1.68 Preoperational and Initial Startup Test App. 3A, Chapter 14.0
Programs for Water-Cooled Power
Reactors
RG 1.70 Standard Format and Content of Safety App. 3A
Analysis Reports for Nuclear Power Plants
RG 1.75 Physical Independence of Electric Systems App. 3A,7.1.2.2.1,8.3.1.4.3
RG 1.81 Shared Emergency and Shutdown Electric  App. 3A
Systems for multi-unit Nuclear Power
Plants
RG 1.89 Qualification of Class IE Equipment for App. 3A, 3.11,8.3.1.2.21
Nuclear Power Plants
RG 1.93 Availability of Electric Power Sources App. 3A
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Criteria

Branch Technical Positions
(ETCSB)

ETCSB1

ETCSB2

ETCSB6

ETCSBS
ETCSB10

ETCSB11
ETCSB17

ETCSB21

ETCSB27

TABLE 8.1-3 (Continued)

LIST OF APPLICABLE CRITERIA

Title

Backfitting of the Protection and Emergency
Power Systems of Nuclear Reactors

Diesel-Generator Reliability Qualification

Testing

Capacity Test Requirements of Station

Batteries-Technical Specifications

Use of Diesel-Generator Sets for Peaking

Electrical and Mechanical Equipment

Seismic Qualification Program

Stability of Offsite Power Systems’

Diesel Generator Protective Trip Circuit

Bypasses

Guidance for Applicable of Regulatory

Guide 1.47

Design Criteria for Thermal Overload
Protection for Motors of Motor-Operated

Valves

8.1-9

Reference FSAR Section(s)

Chapters 7.0 and 8.0

8.3.1.1.6

8.3.2.2.2

8.3.1.1.24
3.10, 8.3.2.2.1

8.2.22
8.3.1.1.2.8, Table 8.3-3a

App. 3A (discussion of RG 1.47),
7.1.2.6

App. 3A (discussion of RG 1.106),
8.3.1.1.4
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8.2 OFFSITE POWER SYSTEM

8.2.1 DESCRIPTION

The SCE&G transmission system supplies offsite a-c power for operating the
engineered safety features (ESF) buses as well as for startup and shutdown of the
station. Two (2) separate sources of offsite power are provided for the Class 1E electric
system, which is in compliance with General Design Criterion 17 and Regulatory Guide
1.32 (see Appendix 3A). One (1) source is the SCE&G transmission grid terminating at
the Virgil C. Summer Nuclear Station 230 kV switchyard bus, which feeds the plant
through a step down transformer. The second source is from the existing Parr
Generating Complex over a 115 kV transmission line (see Figure 8.2-1). This source is
connected to the plant through onsite step down transformers and a separate regulating
transformer. These 2 sources have sufficient separation and isolation so that loss of the
Virgil C. Summer Nuclear Station with the Fairfield Hydro Units offline will not degrade
either of the sources below their acceptable voltage limit. Thus, loss of the station
output, in conjunction with an accident, will not result in a degraded voltage condition on
either source. Likewise, loss of a line or generation on the 115 kV network will not
cause a degraded condition on the Emergency Auxiliary Transformer which is fed power
from the 230 kV bus. Also, no single event such as an insulator or bushing failure,
transformer failure, transmission line tower failure, line breakage, or similar event can
cause simultaneous disruption of both sources. The offsite power system is not
designed to withstand tornadoes, exceptionally severe hurricanes or ice storms.
However, the circuit breakers for isolation of the 2 separate onsite power systems from
the offsite power system are located within 2 separate, missile protected rooms.
Therefore, any failure of the offsite power system, including the bus duct system
between the offsite power system and the ESF buses, is isolated from the ESF buses
before the emergency diesel generators are started (see Figure 8.2-2).

The allowable system voltage fluctuations for each of the 2 preferred offsite sources are
defined in Table 8.2-2. As noted in the table, the allowable voltage range is dependent
on generating unit availability, the number of buses connected to the source, and on the
configuration of the transformers for the 115 kV line. The SCE&G dispatchers are
provided with instructions to make every effort to maintain the system voltage
fluctuations within these allowable ranges. The instructions require maintenance of the
voltage limits during shutdown, as well as during operation, of Virgil C. Summer Nuclear
Station. The transmission system voltage drop due to loss of the Virgil C. Summer
Nuclear Station is included within the allowable voltage ranges during plant operation
with the unit online. The transmission system voltage drop is not included within the
allowable voltage ranges during plant operation with the unit offline because the unit is
not generating. A direct communications link is provided between the SCE&G Dispatch
Office in Columbia, SC, and all SCE&G generating plants. Through this
communications link, the plant operators receive the instructions from the dispatch
office for setting generator kilowatt, kilovar output, voltage level, and for controlling the
VAR output on the Fairfield units when they are used for pumping.
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The plant operators are provided with indicators for the engineered safety features
(ESF) bus network as discussed in Section 8.3.1.2.1. Also, voltmeters, ammeters,
kilowatt meters, kilovar meters, and frequency meters are provided for the main
generator bus. If generator output differs from that specified by the dispatch office, the
operator notifies the dispatch office and receives a new set of operating levels for the
generator.

Control and indication are provided locally at the substation relay house and/or the RN
Unit 1 relay house and remotely in the system dispatcher’s office for each of the 12-001
incoming 230 kV transmission line circuit breakers and the 230 kV bus tie circuit 52’\1013
breakers. Circuit breaker control consists of tripping and closing capability. Indication

includes circuit breaker status (open or closed) and the amount and direction of the

power being transmitted over each transmission line. Control power for the substation

relay house is supplied from a 125 VDC battery, with a backup feed from the plant 5{2'\{001
non-1E. Control power for the Unit 1 relay house is supplied from two (2) 125 volt d-c 14-013

batteries, each sized to serve as back-up to the other.

The 230 kV buses are protected by single phase bus differential voltage relays. Each
230 kV line and the 115 kV line is protected by primary and backup relaying. Each 230 RN

kV line terminal has relays that provide breaker failure protection that trips the 01-043
: : . . 02-013
appropriate bus lockout relay when the breaker fails to trip. Each line relays also 14-019

provide a multi-shot, static reclosing function that is active in some breakers.

The 230 kV circuit breakers associated with the plant main transformer and emergency

auxiliary transformers, as well as the circuit switches associated with the ESF gzr\fo 13
transformers, are controlled from, and provide indication in, the control room. Also, the

230 KV circuit breakers can be tripped at the circuit breaker control panels mounted on

the circuit breaker structures.

Manually operated disconnect switches are provided for the 230 kV circuit breakers to

isolate each from the bus and associated lines. These manual disconnects permit

testing and maintenance of each circuit breaker on an individual basis while allowing the

230 kV substation to remain energized, which satisfies General Design Criterion 18.

Testing and maintenance are performed periodically in accordance with a SCE&G

program.

As shown by Figure 8.2-2, the 115 kV line terminates in a rigid bus construction for the

crossover of the 230 kV middle bus section. The 115 kV bus has no connection to the

230 kV bus. Therefore, any problems associated with the 230 kV bus do not affect the

115 kV bus. The rigid bus construction offers high reliability by eliminating the RN
possibility of line dropping at this crossover point. 13-015
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The preferred power source transformers, which are the emergency auxiliary
transformers and the combination of the safeguard transformers and the voltage
regulator are located out of doors and are physically separated from each other.
Lightning arrestors are used where applicable for lightning protection. The transformers
are protected by automatic water spray systems to extinguish oil fires quickly, thus
preventing spreading. The transformer area is provided with a gravel filled sump pit to
contain transformer oil should a rupture occur.

Power from both the emergency auxiliary transformer and from the combination of the 2
safeguard transformers and the voltage regulator is brought into the plant by
independent 7200 volt buses. These buses are physically separated and independently
supported throughout their length to the 2 separated, missile protected rooms which
contain the separate Class 1E electric system 7200 volt buses, thus maintaining
redundancy.

8211 Unit Auxiliary, Emergency Auxiliary, and Safequards Transformers

Normal station service power for non-Class 1E equipment, which includes that required
during normal operation, startup, shutdown, and following shutdown, is provided from
the unit auxiliary transformer. The primary side of the unit auxiliary transformer is
connected to the generator isolated phase bus duct at a point between the generator
circuit breaker and the low voltage connections to the main step up transformer as
shown by Figure 8.2-3.

The unit auxiliary transformer is rated 22 kV - 7200 volts. The three 7200 volt
secondaries are used to feed 3 independent 7200 volt non-Class 1E auxiliary buses.
The 2 ESF system 7200 volt buses are fed independently from other sources.

Two (2) emergency auxiliary transformers are provided. The primary sides of these 2
transformers are connected in parallel to the 230 kV substation bus. The 2 secondary
windings on each bank are rated 7200 volts. Three (3) of the 4 windings are used as an
emergency power source for the three 7200 volt non-Class 1E auxiliary system buses.
The fourth winding is a preferred offsite power source for either or both of the ESF
system power trains (see Figures 8.2-3 and 8.2-4). Normally this winding is used to
supply the 7200 volt ESF bus 1DB.

The primary windings of the 2 safeguard transformers, XTF-4 and 5, are connected in
parallel to the 115 kV line. These 2 transformers, in combination with the regulating
transformer, XTF-6, are the second preferred offsite power source for either or both of
the ESF system power trains. Normally, safeguard transformer 4 is used in combination
with the voltage regulator to supply 7200 volt ESF system bus 1DA. If the voltage
regulator is out of service, the 2 safeguard transformers can be used in parallel to
supply either or both of the 7200 volt ESF system buses; or 1 of the 2 transformers can
be used to supply either or both of the buses (see Figure 8.2-4).
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Connected to the same intermediate bus (1DX) as transformers XTF-4, 5 and 6 is the
VC Summer Alternate AC Source (AAC). The AAC source is fed from an underground
13.8kV cable to the Parr Hydro Power Station main generator bus via Parr BKR 13123.
This line feeds a 13.2/7.2 kV transformer located in the VCS Substation that feeds into
the 1DX bus. All cabling and lightning protection equipment associated with this feed is
weather protected. The installed cable is oversized for the potential load attached to it
such that the 105°C normal rating of the cable cannot be reached with the maximum
loading of a single ESF bus (750 mcm AL cable with most limiting rating of 490 amps
will be loaded to a running maximum of 245 amps, 5.9MW load equivalent or 50% cable
rating). Direct monitoring of underground cable temperature is not required as long as
total ESF bus loading does not exceed 5.9MW (5MW calculated load with 15%
conservatism). The loading of the AAC source onto either one of two ESF buses is to
be done manually (sequencer Out-of-Service).

Each of the 2 principle 7200 volt ESF buses is provided with a manually initiated
transfer scheme to shift the bus power supply between the 2 preferred offsite power
sources.

8.21.2 Transmission System

The network interconnections between the Virgil C. Summer Nuclear Station and the
SCE&G transmission system consist of eight 230 kV transmission lines which approach
the site from 3 directions. The 230 kV transmission lines interconnect the Virgil C.
Summer Nuclear Station with the major sources of generation on the SCE&G system
through major transmission grid substations as shown by Figures 8.1-1 and 8.2-1. The
lines are designed to meet or exceed NESC (ANSI-C2) 1973 edition, medium loading,
grade B construction requirements.

In addition, one 230 kV transmission lines interconnect the Virgil C. Summer Nuclear
Station with the South Carolina Public Service Authority (SCPSA) system.

In addition to the aforementioned lines, 2 transmission lines extend directly from the
Virgil C. Summer Nuclear Station 230 kV bus section 2 to the SCE&G Fairfield Pumped
Storage Facility.

One (1) 115 kV transmission line extends from the Virgil C. Summer Nuclear Station to
the SCE&G Parr Generating Complex. The Parr 115kV substation and associated
Transmission Grid connections serve as one of the preferred power sources for the ESF
buses at the Virgil C. Summer Nuclear Station. Within the Parr 115kV substation are
four gas-fired combustion turbines that with the substation form the Parr Generating
Complex. The Parr Hydro station is connected to the Parr 115kV substation via a
115/13.2kV tap changing transformer, but is not considered part of the Parr Generating
Complex even with its close proximity.
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The 115 kV transmission line has no direct ties to the Parr Generating Complex 230 kV
switchyard. This switchyard does have a tie from the Virgil C. Summer Nuclear Station
230 kV switchyard bus. The Parr Generating Complex 115 kV switchyard bus receives
power from the Parr Generating Complex and from a 115 kV tie line to the Denny
Terrace substation. With this arrangement, an outage at the Virgil C. Summer Nuclear
Station 230 kV switchyard does not have a direct effect on the 115 kV ESF transmission
line.

Figures 8.2-2 and 8.2-2a through 8.2-2d indicate the physical relationship between
transmission lines entering the switchyard, between the switchyard and the plant and
within the switchyard. All 230 kV transmission tie lines to other major interconnection
points converge on the switchyard. All transmission line structures have a minimum of
60 feet center to center as they approach the switchyard.

Each transmission line has adequate capacity for the supply of the preferred power
source emergency auxiliary transformer. The 230 kV transmission lines, 230 kV circuit
breakers and 230 kV buses in the switchyard are designed to withstand and interrupt
the maximum fault level at the bus.

Details of the construction of each transmission line are as follows:
1. Parr-Summer Safeguard 115 kV Line

This line is about 2.6 miles long. Wood, H-frame construction and steel monopole
structures are used. The line extends from the Parr 115 kV substation to the
vicinity of the Parr 230 kV substation and then to Virgil C. Summer Nuclear Station.
An approximately 600 foot segment of this line is routed from above ground to an
underground duct bank and then returns to above ground routing. This
underground segment eliminates the crossing of the 115 kV line over 230kV
transmission lines near the Parr Substation.

There is a switchable tie to the Parr-Winnsboro No. 1 line. It also crosses over the
Norfolk-Southern Railroad at Parr and over a railroad spur at Virgil C. Summer
Nuclear Station. The last 2 line structures at Virgil C. Summer Nuclear Station are
steel monopole structures which raise this line above a VCS1-VCS2 tie. There are
no structure or circuit conflicts since a failure of the towers would not result in loss
of both sources of offsite power, as the VCS1-VCS2 tie breaker would trip leaving
the other 230 kV lines intact.
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Summer-Edenwood Line, 230 kV

This line is about 33.02 miles long. At Virgil C. Summer Nuclear Station it is on 3
double circuit, 230 kV steel towers. The end of this line ties to the Edenwood

230 kV line about 1.2 miles from Parr. The line crosses over the Parr-Denny
Terrace 230 kV line and the double circuit Parr-Denny Terrace 115 kV line. The
line is of wood H-frame construction on a right-of-way with no other lines. The line
continues past McMeekin Station on to Edenwood Substation.

Deleted
Summer-Pineland Line, 230 kV

This line is on 3 double circuit, steel towers with the Summer-Denny Terrace line.
These lines then are on wood H-frame structures designed for double circuits. The
structures are in the center of a 240 foot wide right-of-way which extends for about
17.24 miles. In this area, the line parallels the SCPSA Summer-Blythewood 230
kV H-frame. There are structure conflicts in this area. For the next 1.62 miles, this
line is on single circuit wood H-frame on a common right-of-way with the
Summer-Denny Terrace line. There are no structural conflicts in this area. For the
next 5.0 miles, this line is on single circuit, wood H-frame on its own right-of-way.
For about the final 0.54 mile, this line is on double circuit, improved appearance,
steel poles at Pineland substation. This line crosses over several transmission
lines but none cross over it. Total length is about 24.4 miles.

Summer-Denny Terrace Line, 230 kV

This line is attached to the same structures as the Summer-Pineland line at the
Virgil C. Summer Nuclear Station and for the first 17.24 miles. From this point the
Summer-Denny Terrace line is attached to single circuit H-frame structures and
shares a common 240 foot right-of-way with the Summer-Pineland line for 1.62
miles. It is then on its own right-of-way for 5.91 miles. The Summer-Denny
Terrace line then parallels the Denny Terrace-Rader double circuit 115 kV lines
(crossing over them twice) to Denny Terrace, a distance of about 1.48 miles. Total
length is 26.25 miles.

Deleted
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10.

South Carolina Public Service Authority, VCS1-Blythewood Line, 230 kV

This line is installed on multi-pole single circuit (MPSC) structures with 1272 ACSR
single conductor and is operated and owned by SCPSA. This line is located on
variable width right-of-way (R/W) that extends for 20 miles from the VCS1 to
SCPSA'’s Blythewood substation. This line is on common R/W with SCPSA’s
VCS1-Winnsboro 230 kV line and SCE&G’s VCS1-Killian, Denny Terrace and
Pineland 230 kV lines for 1.0 mile to a point referred to as Winnsboro Junction.
From Winnsboro Junction, the line extends 2.8 miles to SCPSA Pomaria-
Winnsboro 69 kV line. From the Pomaria-Winnsboro 69 kV line, the line extends
13.4 miles on common R/W with SCE&G’s VCS1-Denny Terrace and Pineland
230 kV lines. From this point, the line veers off and extends 2.9 miles to SCPSA’s
Blythewood substation.

VCS2 Bus 2 Tie Line, 230 kV

This line connects V. C. Summer Unit 1, Bus 2 to V. C. Summer Unit 2 switchyard.
It parallels the Duke-Newport line for approximately 0.63 mile. Total length is
0.87 mile.

South Carolina Public Service Authority, Summer-Winnsboro Line, 230 kV

This line is operated and owned by the SCPSA. It parallels the Summer-
Blythewood line for a distance of 3.7 miles on the east side and abutting the
existing right-of-way. From that point the line heads in a northeasterly direction
and double circuits with the existing SCPSA Pomaria-Winnsboro 69 kV line. Total
length is about 14 miles.

VCS1-Killian Line, 230 kV

This line is installed on single pole single circuit (SPSC) and single pole double
circuit (SPDC) steel monopole structures with bundled 1272 ACSR conductor. The
line is located on variable width right-of-way (R/W) that extends for 35 miles from
the VCS1 Switchyard to the Killian 230/115 kV Transmission substation. A SPSC
section of this line is on common R/W with SCPSA’s VCS1-Winnsboro and
Blythewood 230 kV lines and SCE&G’s VCS1-Denny Terrace and Pineland 230 kV
lines for 1 mile to a point referred to as Winnsboro Junction. From Winnsboro
Junction, the line extends 13 miles to Winnsboro and is constructed SPDC with the
second circuit being the Parr-Winnsboro 115 kV Line #1. This line section is on
common R/W with the Parr-Winnsboro 115 kV Line #2. From Winnsboro, the line
extends 15 miles to a point referred to as Blythewood PMSS and is constructed
SPDC with the second circuit being the Blythewood-Winnsboro 115 kV line. From
Blythewood PMSS, the line extends 6 miles to the Killian 230/115 kV Transmission
substation and is constructed SPDC with the second circuit being the Blythewood-
Killian 115 kV line.
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11. VCS1, Bus 1-VCS2 Tie, 230 kV

This line is installed on single pole single circuit (SPSC) steel monopole structures
with bundled 1272 ACSR conductor. This is one of three 230 kV bus ties each
approximately 1 mile in length that runs between the VCS1 and VCS2
Switchyards.

Distances of all lines from the Virgil C. Summer Nuclear Station terminal to the first
major substation are listed in Table 8.2-1.

822 ANALYSIS
8.2.21 Introduction

The basis for design of SCE&G transmission facilities is such that a defined system will
maintain stability with the loss of any system generator, including Virgil C. Summer
Nuclear Station, or the most critical transmission line, or the loss of the largest system
load. The system will also remain stable for the most severe fault condition on any
transmission line or substation bus. As such, the loss of any single system generator,
including Virgil C. Summer Nuclear Station, does not degrade the alternate system to
where it cannot furnish shutdown power to Virgil C. Summer Nuclear Station on an
uninterrupted basis. The Virgil C. Summer Nuclear Station buses and the location of
the emergency auxiliary transformers and ESF transformers supplying shutdown power
are such that no single permanent fault condition can prevent at least 1 of the auxiliary
transformers from being available to furnish shutdown power. Table 8.2-1 lists the
distances of lines from the Virgil C. Summer Nuclear Station switchyard to each first
major substation.

8222 Stability Study Description

The System Stability study was performed using power system simulator software. The
dynamic simulation cases and dynamics data were updated versions of cases and data
which were issued by the NERC and which were modified to meet the specific
requirements of this study. The dynamic simulation cases and data were validated
using the simulator software case initialization and model testing features. This was
followed by a 30 second steady state simulation in order to demonstrate that the cases
and data represented non-disturbed conditions prior to simulating system contingencies.
The results of the steady state simulations are not included in this report but are
available for review.

Special attention was given to the analysis of disturbances in the vicinity of the V. C.
Summer Nuclear Station during various system conditions. The simulations that were
performed were selected as a result of discussions between V. C. Summer Design
Engineering and SCE&G Transmission Planning.
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The simulations which were performed for each contingency began with a 1 second
steady state period which was followed by a sequence of contingency events and a
subsequent new steady state period for a total of 30 seconds for each contingency
simulation.

Both peak and light system load conditions were studied. System faults during peak
load conditions are generally more challenging for offsite power voltage adequacy.
System faults during light load conditions are generally more challenging for generator
angular stability.

The year 2020 (summer peak and light load conditions) was chosen as the base year
for this study. Since the previous study, a number of changes have been made or have
been planned for the SCE&G generating and transmission systems. All actual and
planned system improvements were incorporated in the simulation models used for this
study.

The VCS FSAR required scenarios assume three MVAR loading levels. All peak load
cases assume the VCS exciter provides 330 MVAR, unless another MVAR output is
specified. All light load cases assume the VCS exciter provides 330 MVAR. An
additional third level was modeled with the VCS exciter at 170 MVAR for a specific ESF
bus alignment.

Use of the 484 MVAR and 330 MVAR levels for the VCS FSAR required scenarios is
considered conservative for several reasons. The VCS generator exciter has a
maximum momentary rating of 484 MVAR and a typical maximum continuous rating of
330 MVAR. Therefore these values represent the maximum MVAR load the station can
support for any loading scenario. These values can also represent a substantial portion
of the total typical MVAR load seen on the SCE&G transmission system. Therefore,
these values are consistent with the VCS generator exciter providing a significant
portion of the voltage support for the entire SCE&G system. Therefore, these loadings
conditions are considered extremely conservative and unlikely to occur.

V. C. Summer Balance of Plant (BOP) station loads were updated. In addition, because
it is possible for Engineered Safeguard Features (ESF) bus loads to all be served from
one bus, these loads were simulated as being located fully at each ESF bus (i.e., two
ESF trains of equipment connected to each of the GDC 17 credited offsite sources).

For this study, the V. C. Summer generator governor model was disengaged from the
simulation. A review of neighboring utilities' practices in modeling nuclear generators
for transient stability simulations confirms that this is the accepted practice for
representing block loaded nuclear generator governors.

The transfer of the Balance of Plant loads to the Emergency Auxiliary Transformers
following a generator breaker operation has been incorporated into the study.
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As in the previous study, the current study was conducted with some local 230 kV and
115 kV connected generation switched off in the summer peak load simulations in order
to test the adequacy of transmission system voltage support of V. C. Summer under
less than ideal conditions. Also, a 612 MW Independent Power Producer facility located
south of Columbia is modeled as online for this study. In addition, local 230 kV
generation (Fairfield Pumped Storage) and local 115 kV generation (Parr ICT) were
modeled as offline in order to incorporate the effects of possible unavailable generation.
The combined effect of all of these generation outages is to lessen the available
transmission voltage and angular stability support of V. C. Summer for the conditions
studied. The practice of maintaining reactive power reserves in three separate areas of
the SCE&G system ensures that reactive power sources are available to provide
voltage support to V. C. Summer even with some local generation switched off.

The V. C. Summer 7.2 kV Engineered Safeguard Features (ESF) buses are supplied
from the 230 kV and the 115 kV Offsite Power Supply buses. Protection from
unacceptable voltage conditions is provided by Loss of Voltage and Degraded Voltage
Relays that monitor the voltages of the 7.2 kV buses. The Loss of Voltage Relay
scheme is modeled to operate after a 13.5 cycle (0.225 seconds) time delay at 82.00 %
of the nominal 7.2 kV bus voltage unless the voltage recovers to 82.75% during the time
delay period of 0.225 seconds. The Degraded Voltage Relay scheme is set to operate
after a 174.0 cycle (2.9 seconds) time delay at 91.75% of the nominal 7.2 kV bus
voltage unless the voltage recovers to 92.328% during the 2.90 seconds time delay
period. Because of the number of variables involving load tap changer settings and
step change times, and ESF bus loads, no attempt has been made to report the
voltages at the 7.2 kV ESF buses. Descriptions of loss of voltage and degraded voltage
timer and relay operations assume that the per unit value of the 7.2 kV bus voltages are
the same as those at the 230 kV and 115 kV Offsite Power Supply buses. The voltage
results of the simulations are reported to V. C. Summer Design Engineering for use in
calculations to determine acceptability of the voltage responses.

SCE&G load under frequency and generator over frequency/under frequency responses
as a result of the studied conditions were also identified. The VCS generator frequency
responses were monitored and evaluated in order to assess whether the VCS generator
reactor coolant pump under frequency or over frequency relays would trip for frequency
excursions.

CONCLUSIONS

Each of the contingencies which were simulated for this study were evaluated for
generator rotor angle, generator frequency deviation, tie line flows, system under
frequency load shedding, under/over frequency tripping operations, and system voltage
responses. In addition, the effects of each contingency on the 230 kV and 115 kV V. C.
Summer Offsite Power Supply buses were examined as well as the resulting steady
state power flows on the transmission lines which are connected to the V. C. Summer
transmission substation.
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The generator rotor angle responses demonstrated that no conditions existed in which a
generator would become unstable. None of the transmission lines connected to the V.
C. Summer substation was found to trip due to overload conditions. All tie lines
connecting the SCE&G system to neighboring systems remained in service throughout
all conditions studied. No conditions were found that would result in the islanding of the
SCE&G system or neighboring systems.

Generator and system frequency responses were all within the normal operating ranges
and there was no indication of system under frequency load shedding or generator
under | over frequency tripping, Reactor Protection System under frequency operation,
or Reactor Coolant Pump under frequency tripping.

The results of this study demonstrate that the SCE&G generating and transmission
system is stable for the conditions that were studied. The contingencies were selected
so as to test the capability and capacity of the 115 kV and 230 kV Offsite Power Supply
buses at the V. C. Summer Station Unit 1 to supply the loads assigned in normal,
abnormal, accident, or plant shutdown conditions. No contingency conditions were
found to result in the simultaneous loss of both GDC 17 credited Offsite Power Supply
buses.

Also, no conditions were found to result in under frequency load shedding operations or
generator under/over frequency tripping. In addition, no System Operating Limits
(SOL's) or Interconnection Reliability Operating Limits (IROL's) were identified. Finally,
there were no indications of voltage instability or stability limits. None of the
contingencies that were simulated in this study indicated generator rotor angle instability
would develop for generators in neighboring systems.

8.2.3 REFERENCES

1. Institute of Electrical and Electronics Engineers, "Criteria for Class 1E Electric
Systems for Nuclear Power Generating Stations," IEEE-308-1971.
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TABLE 8.2-1

DISTANCES OF LINES TO FIRST MAJOR SUBSTATION

First Major
Substation

Edenwood
Denny Terrace
Pineland No. 1
Fairfield No. 1
Fairfield No. 2

Blythewood
VCS2 Bus 2 Tie
VCS2 Bus 3 Tie
Winnsboro
Killian

VCS2

8.2-12

Distance from Virgil C.
Summer Nuclear Station
Terminal (miles)

33.02

26.25

24.4
1.24
1.24

20.0
0.87
0.91

14.0

35.0
1.0
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ALLOWABLE VARIATION IN OFFSITE SYSTEM VOLTAGE

TABLE 8.2-2

Transformer(s)

Connected Buses

115 kV Source

XTF4 with XTF6
XTF4 with XTF6
XTF4 and XTF5
XTF4 and XTF5
XTF4 or XTF5
XTF4 or XTF5

230kV Source

XTF31
XTF31
XTF31

XTF31

NOTES:

1DA M or 1DB®)
1DA and 1DB ©)
1DA @ or 1DB2 9
1DA and 1DB 3
1DA @ or 1DB®)
1DA and 1DB 3

1DB M or 1DA®
1DA and 1DB @

1DB and 1C or
1DA and 1C®

1DA, 1DB, and 1C ®

1. Normal operating alignment

Allowable Range of Offsite Voltage

Unit Online

330 Mvar
105.5t0 131.3
112.8 10 131.3
113.4 to 119.8
114.8 t0 119.8
114.7 t0 119.8

119.5t0 119.8 @

225.7 t0 239.6
233.0 to 239.6
226.4 to 239.6

233.7 t0 239.6

2. Used only if regulator is out of service

3. Maintenance only, LCO in effect, if in Modes 1-4

4.  Limit Mvar generation output to 170 Mvar

5. Alternate operating alignment

8.2-13

(Kilo Volts)
Unit Online

Unit Offline

484 Mvar
106.4 to 131.3
113.7 t0 131.3
113.4 to 119.8
115.7 to 119.8
115.6 to 119.8

119.5t0 119.8 4

228.4 t0 239.6
235.8 t0 239.6
229.1 t0 239.6

236.5 to 239.6

102.3 to 131.3
109.5to 131.3
109.3 t0 119.8
111.6 t0o 119.8
111.5t0 119.8
117.51t0 119.8

218.3 t0 239.6
225.7 t0 239.6
219.0 to 239.6

226.4 to 239.6
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