
Ronald A. Jones
Vice President
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February 17, 2014
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10 CFR 50.54

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555

Virgil C. Summer Nuclear Station (VCSNS) Units 2 and 3
Combined License Nos. NPF-93 and NPF-94
Docket Nos. 52-027 & 52-028

Subject: South Carolina Electric & Gas Company (SCE&G) Virgil C. Summer
Nuclear Station Units 2&3 Response to Nuclear Regulatory Commission
(NRC) Request for Additional Information (RAI) eRAI 7365 Regarding
Bulletin 2012-01 "Design Vulnerability in Electric Power Systerm'

Reference: 1. NRC Bulletin 2012-01:"Design Vulnerability in Electric Power System"
Dated July 27, 2012 (Accession Number ML12074A115)

2. Virgil C. Summer Nuclear Station (VCSNS) Units 2 and 3 Combined
License (COL) Numbers NPF-93 and NPF-94 - Docket Numbers 52-027
and 52-028, Response to Nuclear Regulatory Commission (NRC)
Bulletin 2012-01:"Design Vulnerability In Electric Power Systerri' Dated
October 25, 2012 (Accession Number ML12305A040)

3. Virgil C. Summer Nuclear Station Units 2 and 3: Request for Additional
Information Regarding Response to Bulletin 2012-01, "Design
Vulnerability in Electric Power Systerri' Dated January 2, 2014 (Accession
Number 14002A445)

4. VCSNS Units 2&3 Updated Final Safety Analysis Report (UFSAR)

On July 27, 2012 the NRC issued Bulletin 2012-01:"Design Vulnerability in Electric
Power System', Reference 1, to all holders of operating licenses and combined licenses
for nuclear power reactors, except those who have permanently ceased operation and
have certified that fuel has been removed from the reactor vessel.

Bulletin 2012-01 requested information about each facility's electric power system
designs, in light of recent operating experience involving the loss of one of the three
phases of the offsite power circuit (single phase open circuit condition) at Byron Station,
Unit 2.
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In Reference 2, South Carolina Electric & Gas Company responded to Bulletin 2012-01
by letter dated October 25, 2012, providing the NRC with the requested information.

Upon review, the NRC Staff determined that additional information was needed to
continue portions of its review of Reference 2. As a result, the NRC issued a Request
for Additional Information (RAI) to SCE&G on January 2, 2014, Reference 3.

Reference 3 required SCE&G to provide a summary of the assumptions, analyses, and
relay settings which can detect a voltage unbalance on the high voltage side of the main
transformer and reserve auxiliary transformer due to the open phase conditions under
all loading conditions and all operating configurations. In addition, SCE&G was
requested to provide sufficient analyses for the staff to determine whether the VCSNS
response meets the requirements of 10 CFR Part 50, Appendix A, General Design
Criteria (GDC) 17 "Electric power systems," regarding the offsite power circuit and
onsite electrical power distribution system to provide adequate capacity and capability in
view of the design vulnerability identified in NRC Bulletin 2012-01.

The SCE&G response to Reference 3 is enclosed. Enclosure 1 provides clarifications
to terminology and statements made in Reference 3 and describes AP1000 design
updates since SCE&G submitted Reference 2 to the NRC. Enclosure 2 is a list of
acronyms used in the RAI response. Enclosure 3 includes a detailed response to the
issues identified in Reference 3 and a confirmation of VCSNS Units 2&3 compliance
with GDC 17.

This letter contains no regulatory commitments.

Should you have any questions, please contact Alfred M. Paglia by telephone at (803)
941-9876, or by email at apaglia(Wscana.com.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on this _7 day of (4*l1 ,2014.

Sinc ely,

Ron I Jones
Vice President
New Nuclear Operations

DK/RAJ/dk
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Enclosure 1: SCE&G Clarifications to Terminology and Statements Contained in
NRC Bulletin 2012-01 Request for Additional Information (eRAI 7365)
and AP1000 Design Update Description

Enclosure 2: Acronyms Used in SCE&G Response to eRAI 7365

Enclosure 3: SCE&G Response to eRAI 7365 and and Confirmation of Compliance
with GDC 17

c: Denise McGovern
Ravindra Joshi
David Jaffe
Stephen A. Byrne
Jeffrey B. Archie
Ronald A. Jones
Jim Reece
Rahsean Jackson
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vcsummer2&3project@westinghouse.com
DCRM-EDMS@SCANA.COM



South Carolina Electric & Gas Company

Virgil C. Summer Nuclear Station Units 2&3

NND-14-0080

Enclosure 1

SCE&G Clarifications to Terminology and Statements

Contained in NRC Bulletin 2012-01

Request for Additional Information (eRAI 7365)

and

AP1000 Design Update Description



NND-14-0080
Enclosure 1
Clarification to Terminology and Statements in eRAI 7365 and AP1000 Design Update
Description

Terminology

The following information provides clarifications to terminology applicable to the AP1000 design
that are discussed in the RAI (Reference 3):

1. "Class I E," "Safety-Related," "Nonsafety-Related," "Nonclass I E", and
"Important to Safety"

The terminology "Class 1 E," "Safety-Related," "Nonsafety-Related," "Nonclass 1 E",
and "Important to Safety" are used several times in the staff's RAI and in the Bulletin.
For the purposes of this discussion of the AP1 000 design plant electrical design
capabilities, and per 10 CFR 50.49, "Environmental Qualification of Electric
Equipment Important to Safety for Nuclear Power Plants" and Generic Letter 84-01,
"NRC use of the Terms Important to Safety and Safety Related" dated January 1,
1984 (ML031150515); the terms "Class 1E," and "Important to Safety" are interpreted
to mean "Safety-Related." The terms "Nonclass 1 E", "Defense-in-Depth" and
"Nonsafety-Related" are used to refer to "Nonsafety-Related" components.

There are no electrical power systems in the AP1000 design classified as "Important
to Safety"; rather, they are classified as either "Safety-Related" or "Nonsafety-
Related." (Reference 4,Section 3.2.2.9, "Electrical Classifications," Section 8.2.3,
"Offsite Power System - Conformance to Criteria," Section 8.3.1, "AC Power
Systems," and Section 8.3.2, "DC Power Systems.")

2. Preferred Power Supply

The preferred power supply is the GDC 17 credited offsite power circuit. Power is
supplied from the switchyard via this circuit and backfed through the Main Step-Up
Transformer to supply plant auxiliary loads when the main generator is unavailable.
(Reference 4, Section 8.1.2, "Onsite Power System Description")

3. Safe Shutdown

Safe Shutdown is defined in Table 1.1-1 of Technical Specifications, Appendix A to
the Combined Operating License, as MODE 4 with all reactor vessel head closure
bolts fully tensioned and with Reactivity <0.99 and 420 > Tavg > 200.

4. Unacceptable Voltage Condition

An unacceptable voltage condition is one where the input voltage at the equipment
power terminals is outside the recommended operating band. This condition can
include undervoltage, overvoltage or loss of one or more ac phases due to open
circuit or a system fault over any range of impedance. An unacceptable voltage
condition may result in actuation of protective relaying and isolation from the offsite
power supply, under normal loading conditions.
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Enclosure 1
Clarification to Terminology and Statements in eRAI 7365 and AP1000 Design Update
Description

Responses to Statements in the RAI

RAI Statement 1:

"The staff views that availability of the offsite ac power is important for all modes of plant
operation including a safe shutdown."

Clarification 1:

Availability of the offsite ac power is "preferred"for all modes of plant operation including
a safe shutdown.

Offsite power has no safety-related function due to the passive design of the AP1000.
(Reference 4, Section 8.1.4.1, "Offsite Power System")

The only electrical power source relied upon for safe shutdown is the IDS. IDS is
supplied internally from its safety-related batteries or externally from nonsafety-related
ECS through its IDS battery chargers. The ECS is normally fed by the main generator
through ZAS. When the main generator is not connected, ECS can be powered by the
GDC 17 circuit which is a back feed through the MSU or can also be powered by the
maintenance power supply (RATs). ES1 and ES2, which supply power to the IDS
battery chargers, can also be powered by the standby diesel generators. (Reference 4,
Section 8.1.4.1, "Offsite Power System" and Section 8.1.4.2.1, "Safety Design Basis,"
and NUREG 1793, "Final Safety Evaluation Report Related to Certification of the
AP1000 Standard Design," Section 8.2.3.2, "Conformance to Criteria (Part Exemption
from GDC 17 for AC Offsite Power Sources"))

RAI Statement 2:

"The staff also views that no real difference exists regarding how the offsite power from
the grid has been utilized between the current operating reactors and APIO00 reactors
(i. e., the offsite power is chosen as the preferred power source before transferring the
auxiliary power system to onsite power source)."

Clarification 2:

While the basic alignment and connection to the offsite power system is similar to some
operating plants, the Licensing and Design basis requirements differ greatly from
existing units:

1. The AP1000 design has a partial exemption from GDC 17 for AC Offsite Power
sources due to passive safety features of the AP1000 design that do not rely on
power from the offsite system to accomplish safety-related functions.

In Section 8.2.3.2, "Conformance to Criteria (Part Exemption from GDC 17 for
AC Offsite Power Sources)" of the Final Safety Evaluation Report Related to
Certification of the AP1000 Standard Design (NUREG-1793, Initial Report),
the NRC staff states:
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"The underlying purpose of the requirement of GDC 17 to provide two
offsite power sources to the plant is to ensure sufficient power to
accomplish safety functions. The APIO00 design does not rely on power
from the offsite system to accomplish safety functions, and therefore, the
underlying purpose of the rule is met without the need for two
independent offsite circuits. The staff concludes that special
circumstances exist, in that, the regulation need not be applied in this
particular circumstance to achieve the underlying purpose of having two
offsite power sources. This meets the requirements for an exemption to
GDC 17, as described in 10 CFR 50.12. Therefore, the staff concludes
that an exemption to the requirements of GDC 17 for two physically
independent offsite circuits is justified."

Therefore, because the AP 000 design plants do not rely on power from the
offsite system to accomplish safety-related functions, they are only required
to have one offsite power source, whereas, current operating reactors are
required to provide two offsite power sources to the plant to ensure sufficient
power to accomplish safety-related functions.

2. All onsite ac power distribution connected directly to the grid, including the
standby diesel backed buses ES1 and ES2, is classified as non-i E, nonsafety-
related on the AP1 000 design (Reference 4, Section 8.3.1, "AC Power Systems")

3. The AP1 000 design does not transfer house loads to the standby Diesel
Generators. The onsite standby power system only powers certain designated
defense-in-depth nonsafety-related loads. (Reference 4, Section 8.3.1.1.1,
"Onsite AC Power System")

RAI Statement 3:

"The offsite power system is the preferred power system used for supporting the design
functions of important to safety systems during normal, abnormal, and accident
conditions before using the onsite safety-related dc power system."

Clarification 3:

Availability of the offsite ac power is "preferred" for all modes of plant operation including
a safe shutdown. However, offsite power has no safety-related function due to the
passive design of the AP1 000. (Reference 4, Section 8.1.4.1, "Offsite Power System")

The IDS is the power supply to safety-related systems. IDS is supplied internally from its
safety-related batteries or externally from nonsafety-related ECS through its IDS battery
chargers. The ECS is normally fed by the main generator through ZAS. When the main
generator is not connected, ECS can be powered by the GDC 17 circuit which is back
fed through the MSU or the RATs. ES1 and ES2 which supply power to the IDS battery
chargers can also be powered by the standby diesel generators.

The safety-related dc power system does not require the nonsafety-related offsite or
onsite ac distribution system to perform the safety-related functions of that system.
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There are no electrical power systems in the AP1000 design designated as "Important to
Safety". They are either "Safety-Related" or "Nonsafety-Related". (Reference 4, Section
3.2.2.9, "Electrical Classifications," Section 8.2.3, "Offsite Power System," Section 8.3.1,
"AC Power Systems," and Section 8.3.2, "DC Power Systems.")

RAI Statement 4:

"In the event offsite ac power source is not available, all operating plants use Class 1E
emergency diesel generators, while APIO00 relies on nonsafety-related standby diesel
generators, before relying on the safety-related dc battery for plant safe shutdown."

Clarification 4:

The only electrical power source relied upon for safe shutdown is the IDS. IDS is
supplied internally from its safety-related batteries or externally from nonsafety-related
ECS through its IDS battery chargers. The ECS is normally fed by the main generator
through ZAS. When the main generator is not connected, ECS can be powered by the
GDC 17 circuit which is back fed through the MSU or the RATs. ES1 and ES2 which
supply power to the IDS battery chargers can also be powered by the standby diesel
generators. (Reference 4, Section 8.1.4.2.1, "Safety Design Basis" and NUREG 1793,
"Final Safety Evaluation Report Related to Certification of the AP1 000 Standard Design,"
Section 8.2.3.2, "Conformance to Criteria (Part Exemption from GDC 17 for AC Offsite
Power Sources")

RAI Statement 5:

"For APO000 plant design, the offsite power system is the preferred power system used
for supporting the design functions of important to safety systems during normal,
abnormal, and accident conditions before using the onsite safety-related dc power
system."

Clarification 5:

As stated in clarification 3 above, there are no electrical power systems in the AP1 000
design designated as "Important to Safety". They are either "Safety-Related" or
"NonSafety-Related".

Availability of the offsite ac power is "preferred" for all modes of plant operation including
a safe shutdown. However, offsite power has no safety-related function due to the
passive design of the AP1 000. (Reference 4, Section 8.1.4.1, "Offsite Power System")

The safety-related dc power system does not require the nonsafety-related offsite or
onsite ac distribution system to perform the safety-related functions of that system.
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RAI Statement 6:

"The staff determined that APIO00 plant design should have one offsite power circuit
from transmission system to 6.9 kV buses to support safe shutdown of the power plant
to meet the GDC 17 requirements concerning offsite power system. This offsite power
circuit must have adequate capacity and capability to provide the functions described in
GDC 17."

Clarification 6:

The NRC Staff has determined in section 8.2.3.2 of NUREG-1793, that the AP1000
design has demonstrated that the credited GDC 17 circuit has sufficient capacity and
capability to supply plant loads in accordance with the requirements of GDC 17 saying
"The underlying purpose of the requirement of GDC 17 to provide two offsite power
sources to the plant is to ensure sufficient power to accomplish safety functions. The
AP1 000 design does not rely on power from the offsite system to accomplish safety
functions, and therefore, the underlying purpose of the rule is met."

Availability of the offsite ac power is "preferred" for all modes of plant operation including
a safe shutdown. However, the IDS batteries are the only source that the AP1000
design "relies upon" or "takes credit for" enabling safe shutdown of the plant. The
standby DGs and the offsite power systems are enhancements for "Defense-in-Depth".
(Reference 4, Section 8.1.4.2.1, "Safety Design Basis")

RAI Statement 7:

"This ensures the required AC power with adequate capacity and capability is available
to the important to safety equipment including safety related battery chargers to meet
their intended safety function in accordance with GDC 17 requirements."

Clarification 7:

As stated in clarification 3 above, there are no electrical power systems in the AP1000
design designated as "Important to Safety". They are either "Safety-Related" or
"Nonsafety-Related".

The safety-related function of the safety-related battery chargers is to provide isolation
between the non 1 E ac power system and the Class 1 E dc power system. This function
is inherent in the design of the chargers and is independent from the offsite power
source entirely.

AP1000 Design Updates Since the Initial SCE&G Response

At the time of the initial response to NRC Bulletin 2012-01 (Reference 2), the AP1 000 design
used an open-delta undervoltage detection scheme with 2-out-of-2 logic to provide alarm and
protection functions for the 6.9 kV medium voltage buses (ES-1 thru ES-7). The design features
provided for detecting unacceptable input voltage conditions at the ES-1 and ES-2 medium
voltage buses have changed. In response to operating experience and lessons learned since
the Byron event, a design modification was made to supplant the existing open delta
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undervoltage detection scheme with a phase-to-ground detection scheme. This upgraded
connection method allows monitoring of all three phases for each medium voltage bus, and
detection of an unacceptable bus voltage on any phase. The ES-1 and ES-2 buses use 3
potential transformers (PTs) per phase. An alarm is annunciated in the main control room
(MCR) in the event unacceptable voltage is sensed by 1 out of 3 PTs on any phase and an
automatic electrical protection action occurs in the event unacceptable voltage is sensed by 2
out of 3 PTs on any phase.

When a high voltage open phase and/or high impedance fault condition manifests itself as an
unacceptable voltage on the medium voltage buses, multiple alarms will be provided in the
MCR. Multiple alarms associated with the same phase on different medium voltage buses would
support operator diagnosis and recovery actions including:

* Isolate the affected medium voltage bus from the electrical distribution system, and
* Enable the onsite standby diesel generators to restore ac power to the ES-1 and ES-2

buses and associated defense-in-depth loads, or
* Perform a controlled transfer of the affected medium voltage bus to the associated RAT

(although not a credited GDC 17 circuit and not required for safe shutdown of the plant).
Since the AP1 000 design does not require ac power to achieve safe shutdown, the
operator is allowed up to 72 hours to initiate mitigating strategies, i.e., starting and
loading the ancillary diesels.

During a high voltage open phase and/or high impedance fault condition where the plant is
lightly loaded such that an unacceptable voltage on the high voltage side of the MSUs is
undetectable by the medium voltage bus undervoltage protection and relaying scheme, then
either high negative sequence motor trips or other running load trips would be expected to
provide alarms in the MCR to support operator diagnosis and recovery actions. The 6.9kV
buses are not relied upon to maintain core cooling or containment integrity for safe shutdown.
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Acronyms Used in SCE&G Response to eRAI 7635

List of Acronyms

CCS - Component Cooling Water System
CT - Current Transformer
DBA - Design Basis Accident
ECCS - Emergency Core Cooling System
ECS - Main AC Power System
ES1 & ES2 - 6.9kV Switchgear "for Defense in Depth Loads"
GDC - General Design Criteria
IDS - Class 1E DC and UPS System
ITAAC - Inspections, Tests, Analyses and Acceptance Criteria
LV - Low Voltage
MCR - Main Control Room
MSU - Main Step-Up Transformer
MV - Medium Voltage
PCS -Passive Containment Cooling System
PMS -Protection and Safety Monitoring System
PRA - Probabilistic Risk Assessment
PT - Potential Transformer
PXS - Passive Core Cooling System
RAT - Reserve Auxiliary Transformer
RCP - Reactor Coolant Pump
RNS - Normal Residual Heat Removal System
RTNSS - Regulatory Treatment of Non Safety Systems
SSC - Structures, Systems, and Components
SWS - Service Water System
UAT - Unit Auxiliary Transformer
UFSAR - Updated Final Safety Analysis Report
ZAS - Main Generation System
ZOS - Onsite Standby Power System
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NND-14-0080
Enclosure 3
SCE&G Response to eRAI 7365 and Confirmation of Compliance with GDC 17

Note - NRC Requests are represented in bold italic print

On July 27, 2012, the U.S. Nuclear Regulatory Commission (NRC) issued Bulletin 2012-01,
"Design Vulnerability in Electric Power System," to all holders of operating licenses and
combined licenses for nuclear power reactors. Bulletin 2012-01 requested information about
each facility's electric power system designs, in light of recent operating experience involving
the loss of one of the three phases of the offsite power circuit (single-phase open circuit
condition) at Byron Station, Unit 2.

The NRC staff identified that additional information was needed to continue portions of the
review of the responses and on January 2, 2014, the NRC issued to Virgil C. Summer Nuclear
Station Units 2&3 eRAI 7365 "Request for Additional Information Regarding Response to
Bulletin 2012-01, "Design Vulnerability in Electric Power System" The RAI contained the
following request:

NRC Request:

1. Provide summary of the assumptions, analyses, and relay settings which can
detect voltage unbalance on high voltage (1410 side of main transformer and
reserve auxiliary transformer (RAT) due to the open phase conditions (without
and with concurrent high impedance ground on HV side of transformers)
under all loading conditions including the light load conditions, and under all
operating configurations. Open phase condition is defined as:

a. The loss of one of the three phases of the offsite power circuit on the high
voltage side of a transformer connecting a GDC 17 offsite power circuit to
the transmission system with and without a high impedance ground fault
condition under all operating electrical system configurations and loading
conditions, and

b. The loss of two of the three phases of the offsite power circuit on the high
voltage side of a transformer connecting a GDC 17 offsite power circuit to
the transmission system under all operating electrical system
configurations and loading conditions.

If analyses and setting of relays are not readily available, explain how these actions
will be completed prior to fuel load.

SCE&G Response:

MSU and RAT Protection

The protection for the MSUs and the RATs is accomplished with a primary and a backup
multifunction microprocessor-based relay. Each multifunction relay actuates a different lockout
device (86), which in turn energizes a separate set of trip coils on each transformer breaker to
isolate the affected zone.

Current transformers (CTs) on each phase of the MSUs provide indication of current unbalance
resulting from load imbalance, high impedance faults (which occur concurrent with an open
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phase on the high side of the transformer) or low impedance faults (which occur concurrent with
an open phase on the high side of the transformer) during all conditions except lightly loaded
conditions. Although the existing electrical protection scheme can detect a loss of phase during
heavily or moderately loaded operating conditions, detection of a loss of phase during lightly
loaded conditions is improbable as the current draw approaches magnetizing currents.

The Maintenance Power Supply fed through the RATs is not a GDC 17 credited offsite power
supply and is not required for safe shutdown of the plant. The Maintenance Power Supply
serves as an alternate/maintenance source of ac power and was incorporated into the AP1000
design as an enhancement. Although they are not powered by the GDC 17 credited power
supply, the RATs are fitted with protective features similar to those provided for the MSUs.

Analysis and setting of relays

The AP1000 electrical protection relay setpoints and supporting analyses have not yet been
completed. These will be completed prior to fuel load.

Detection, alarm, and protection

The design of the AP1000 differs significantly from the design of the operating units. For the
design of the operating units in the existing fleet the two required preferred power sources end
at the safety-related medium voltage busses. For the AP1000 design the one required
preferred power source ends at the input to the class 1 E IDS. Degradation of the dc output
power from the battery chargers to the batteries will be detected and alarmed in the control
room. The existing AP1000 design also provides reasonable assurance that a dropped phase
at the high side of the MSU can be detected within a timely manner, given that the AP1 000
design is not time critical relative to the existing fleet.

If an unacceptable electrical distribution system voltage condition occurs due to a loss of phase
at the high voltage side of the GDC 17 credited circuit, the AP1000 plant design has means to
preserve the power supply for defense-in-depth loads and to detect, alarm and protect safety-
related systems and components from adverse effects of unacceptable electrical distribution
system voltage conditions including:

0 Three phase voltage sensing, alarm, and protection on the 6.9 kV medium voltage
buses ES-1 thru ES-7,

0 Motor management relays for the medium voltage motors that sense, alarm and
protect individual nonsafety-related motors from damage due to high negative
sequence currents,

0 Electrical protection relays on the IDS battery chargers that sense unacceptable ac
input voltage and generate alarms in the MCR, and

0 Electrical monitoring and protection features on the IDS battery chargers to alert
operators to other unacceptable operating conditions.

While the three phase voltage sensing relays may not detect the condition for all levels of
transformer loading, the combination of these indications is expected to provide the operator
ample information to identify the dropped phase, make decisions, and take actions within the
necessary time frame for the AP1000 design. The AP1000 passive plant design inherently
provides at least 72 hours for the operator to recognize unacceptable electrical system
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conditions and perform appropriate actions. There are no adverse impacts to the AP1000
design safe shutdown capabilities in any operating mode, including refueling and midloop
operation, due to an unacceptable voltage condition on the GDC 17 credited circuit which is the
Preferred AC Power Supply.

The IDS battery chargers are expected to perform their normal charging function until an
unacceptable voltage condition is sensed at the equipment input terminal. When the equipment
input or output monitored electrical parameters become unacceptable and the battery charger
no longer provides sufficient dc bus voltage, the Class 1 E electrical system dc bus receives
power from the applicable IDS battery and the battery charger maintains isolation between the
Non-Class 1 E ac and Class 1 E dc power systems. This condition results in one or more alarms
in the MCR due to electrical operating conditions that do not meet acceptance criteria.

AP1000 Existing Design:

The Electric Power portion of the AP1000 standard plant design is comprised of several
systems as described in Chapter 8 of the UFSAR. These include:

* Class 1 E and Emergency Power Systems
o IDS, Class 1E DC and UPS System

* Non-Class 1 E Power Systems
o ECS, Main AC Power System
o EDS, Non-Class 1E DC and UPS System
o ZAS, Main Generation System
o ZOS, Onsite Standby Power System

These AP1000 standard design features are discussed in more detail below. Because these
were certified as part of the AP1 000 design certification rule found in 10 CFR Part 52, Appendix
D, these standard design features are subject to the finality provisions in 10 CFR Part 52,
including those in 10 CFR 52.63.

DC

All safety-related loads for the AP1 000 design are powered from the Class 1 E 250 Vdc batteries
and the associated Class 1 E 120 Vac instrument buses. These safety-related loads are listed in
UFSAR Tables 8.3.2-1, -2, -3 and -4. There are four independent divisions of Class 1 E 250 Vdc
battery systems. Divisions B and C have two battery banks; one battery bank is sized to supply
power to safety-related loads for at least 24 hours and the other battery bank is sized to supply
power to a second set of safety-related loads for at least 72 hours following a design basis
event (including the loss of all ac power). Divisions A and D each have one 24-hour battery
bank. The loads are assigned to each battery bank, depending on their required function,
during the 72 hour coping period so that no manual or automatic load shedding is required for
the first 24 hours.

As stated in Section 8.3.2.1 of the UFSAR, "The Class 1 E dc and UPS system provides reliable
power for the safety-related equipment required for the plant instrumentation, control,
monitoring, and other vital functions needed for safe shutdown of the plant. In addition, the
Class 1 E dc and UPS system provides power to the normal and emergency lighting in the main
control room and at the remote shutdown workstation.
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The Class 1 E dc and UPS system is capable of providing reliable power for the safe shutdown
of the plant without the support of battery chargers during a loss of all ac power sources
coincident with a design basis accident (DBA). The system is designed so that no single failure
will result in a condition that will prevent the safe shutdown of the plant."

The Class 1 E Battery Chargers are qualified as Class 1 E Isolation devices. These provide the
required separation between the non-i E ac input power and the Class 1 E battery system. Their
design and qualification ensure that neither failures nor transients on the non-1 E system will
prevent the Class 1 E batteries from performing their safety-related function.

AC

Provided in UFSAR Figure 8.3.1-1 is the AC Power Station One Line Diagram showing high
voltage and medium voltage interconnections and major equipment configurations.

From this figure, it can be seen that the AP1000 design main generator is connected to the high
voltage generator bus through a generator circuit breaker. The grid is connected to the
generator high voltage bus through the main step-up transformers and the grid breakers. Unit
auxiliary transformers are used to step down the high voltage generator bus to the medium
voltage electrical system. The medium voltage system uses 6.9 kV switchgear to support
operation of plant auxiliary systems. For example, the reactor coolant pumps are connected to
the medium voltage buses through dedicated 6.9 kV breakers. RATs provide an alternate
supply from the grid to the medium voltage buses.

During normal plant operation the main generator supplies power to the grid via the isophase
bus. Some of this generated electrical power is directed to the medium voltage buses to
support plant auxiliary systems (including the reactor coolant pumps).

Key design features of the AP1 000 design electrical system that are unique in comparison to
the current operating plant fleet include:

A. A GDC 17 exemption that requires only one offsite circuit due to the use of passive
safety features.

B. Use of a generator circuit breaker that enables backfeed of the medium voltage
buses via the main step-up transformers (one per phase) following opening of the
generator circuit breaker (e.g., generator trip).

C. An automatic transfer scheme for the medium voltage (MV) buses to enable
continued electrical power supply under a zone electrical fault.

D. Exclusive of MV RCP Class 1 E breakers (ECS-ES-41, 42, 61, 62), all MV and low
voltage (LV) ac electrical systems, including the onsite standby generator portion,
are non-Class 1 E due to the use of passive safety features and therefore are not
required for safe shutdown. The safety-related function of the MV RCP Class 1 E
breakers is powered from IDS Class 1 E dc power via the Class 1 E control system.
The reactor coolant pump 6.9 kV switchgear is Class 1 E to ensure that these pumps
are tripped, as dictated by plant safety analyses.
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E. The non-Class 1 E to Class 1 E electrical system interface occurs at the 480 Vac
interface for IDS UPS equipment (e.g., battery charger and regulating transformer).
This interface is an isolation function, not a safety-related load. The battery charger
provides support of loads and recharging of the plant batteries when ac power is
available (See UFSAR, Table 8.3.2-7).

F. Extended Class 1E dc battery sizing capability (24 and 72 hours).
G. Capability to accommodate a 100% load rejection transient without reactor trip.

The AP1 000 design ac power system (ECS) is nonsafety-related and is not relied upon to
mitigate design basis accidents or to bring the plant to a safe shutdown.

The nonsafety-related ac power system (ECS) does not have Technical Specifications because
it does not satisfy the Technical Specification screening criteria (which include PRA importance
measures). In addition, the safety importance of the nonsafety-related ac power system (ECS)
was evaluated in accordance with SECY-95-132, "Policy and Technical Issues Associated with
the Regulatory Treatment of Non-Safety Systems (RTNSS) in Passive Plant Designs", which
sets forth the NRC policy regarding how to assess the safety importance of nonsafety-related
systems in passive light water reactors.

There are several criteria that were used to perform the RTNSS assessment. They include the
PRA risk mitigation importance and the importance of the system in the determination of PRA
initiating frequency. AC power was not determined to be important to PRA accident risk
mitigation. AC power was determined to have some investment protection importance in
protecting the utility's investment and for preventing and mitigating severe accidents during
shutdown reduced inventory operation. As a result, an investment protection short-term
availability control related to ac power supplies is defined in UFSAR Section 16.3. However,
these ac systems are not credited for mitigating design basis events, as the AP1000 design is
capable of maintaining a safe shutdown condition in all operating modes without ac power.

The AP1000 design "Focus PRA" (Section 50.5.4 & 50.5.5 of APP-GW-GL-022, Revision 8)
contains sensitivity runs that do not take credit for nonsafety-related Defense in Depth systems
(i.e., only credits safety-related equipment and manual DAS). The Focus PRA bounds the loss
of phase event in that the nonsafety-related AP1000 design defense in depth systems (ZOS,
CCS, SWS, RNS), which are similar in function to those ECCS systems (used in current
operating plant fleet) made unavailable by a loss of all ac event at Byron, were assumed to be
unavailable in the Focus PRA. The results of the Focus PRA meet the NRC's goals for Core
Damage Frequency and Large Release Frequency with sufficient margin.

Off-site Preferred Source

The Preferred AC Power Supply is connected to the main generator bus and through the unit
auxiliary transformers (UATs) 2A and 2B to the plant electrical distribution system.

Because of its passive safety features, the AP1000 design passive plant does not require ac
power to place the plant in a safe, stable shutdown condition. The AP1000 design was granted
a partial exemption from GDC 17, specifically exempting the AP1000 design from the
requirement for a second GDC 17 credited offsite power source. Therefore, a second credited
source of ac power from the power grid is not required. The Onsite Standby Power System
(ZOS), powered by onsite standby diesel generators 2A and 2B, is non 1 E and not required for
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safe shutdown of the plant. It does provide an alternate source of ac power to the plant
electrical distribution system through medium voltage buses ES-1 and ES-2 for defense-in-
depth shutdown loads.

Because of the partial GDC 17 exemption, the Maintenance Power Supply, fed through reserve
auxiliary transformers (RATs) 4A and 4B, is not considered a credited GDC 17 power source.
However, the medium voltage buses ES-1 and ES-2 can be manually aligned to receive power
through the RATs. The medium voltage buses will automatically transfer from the UATs to the
RATs in the event the credited Preferred AC Power Supply becomes unavailable due to an
electrical fault.

Detection of Dropped Phase(s)

There are two conditions which must be addressed, lightly loaded conditions on the transformer
and above lightly loaded. Lightly loaded means the transformer load level is not sufficient to
cause bus voltage imbalances that result in automatic protective action from the 6.9 kV bus
undervoltage detection devices. Operation in those lightly loaded conditions would be
infrequent making a dropped phase during that time period less probable. In the lightly loaded
condition with dropped phase(s) on the high side of the MSU with or without a high impedance
fault, then either high negative sequence motor trips or other running load trips would be
expected to provide alarms in the MCR to support operator diagnosis and recovery actions.
The motor trips would be expected to occur sporadically. The cause is identified by the operator
and technical support staff, and corrective action initiated. The AP1 000 design is not time
critical which provides the operator ample time to make this diagnosis and take corrective
action. The lightly loaded condition would only be expected to occur during a refueling outage.
During a refueling outage, normal decay heat removal is provided by the Normal Residual Heat
Removal System (RNS) pumps, which are supported by the CCS and SWS. During a refueling
outage, electrical system bus configurations and defense-in-depth loads are managed
considering shut down risks as evaluated in the regulatory treatment of nonsafety-related
systems. Failure of the RNS (whether due to loss of offsite power, failure of a supporting
system or due to direct RNS pump trip) is considered in the design, as the RNS and its
supporting systems are nonsafety-related.

During refueling operations, the reactor vessel head is removed and the containment refueling
cavity is flooded as described in the UFSAR, subsection 6.3.3.4.4. If normal decay heat
removal capability by the nonsafety-related RNS is lost, the containment is closed prior to
reactor cavity steaming, and containment recirculation maintains core decay heat removal
indefinitely.

During midloop operations, the plant is again designed to remove core decay heat in the event
the nonsafety-related RNS system is lost due to an ac power system disturbance. In the event
that normal residual heat removal by the defense-in-depth RNS pumps is interrupted, core
decay heat removal is achieved by the safety-related passive core cooling system, using gravity
injection of the in-containment refueling water storage tank and venting of the RCS through the
automatic depressurization system valves as described in the UFSAR, subsection 6.3.3.4.3.
This operation continues until such time as the in-containment refueling water storage tank level
drops and containment recirculation begins.
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This demonstrates ac power disturbances due to a loss of phase will not affect the ability of the
plant to meet the requirements of GDC 34, "Residual Heat Removal," during refueling or
midloop operations, as the safety-related core decay heat removal capability does not depend
on the normal, ac powered residual heat removal systems. Whether the voltage imbalance is
detected and the Class 1 E systems receive power from the batteries, or the plant motor loads
begin to trip in response to negative sequence current, the safety-related systems will be
available to remove decay heat.

Current transformers (CTs) on each phase of the MSU provide indication of current unbalance
resulting from load imbalance, high impedance faults (which occur concurrent with an open
phase on the high side of the transformer) or low impedance faults (which occur concurrent with
an open phase on the high side of the transformer) during all conditions except lightly loaded
conditions. Although the existing electrical protection scheme can detect a loss of phase during
heavily or moderately loaded operating conditions, detection of a loss of phase during lightly
loaded conditions is improbable as the current draw approaches magnetizing currents.
Detection of an open phase on the high voltage side of the MSU with or without a high
impedance fault is uncertain during lightly loaded conditions.

The design features provided for detecting unacceptable input voltage conditions at the ES-1
and ES-2 medium voltage buses have changed. At the time of the initial response to NRC
Bulletin 2012-01 (Reference 2), the AP1 000 plant design used an open-delta undervoltage
detection scheme with 2-out-of-2 logic to provide alarm and protection functions for the 6.9 kV
medium voltage buses (ES-1 thru ES-7). In response to operating experience and lessons
learned since the Byron event, a design modification was made to supplant the existing open-
delta undervoltage detection scheme with a phase-to-ground detection scheme. This upgraded
connection method allows monitoring of all three phases for each medium voltage bus, and
detection of an unacceptable bus voltage on any phase. The ES-1 and ES-2 buses use 3
potential transformers (PTs) per phase. An alarm is annunciated in the main control room
(MCR) in the event unacceptable voltage is sensed by 1 out of 3 PTs on any phase and an
automatic electrical protection action occurs in the event unacceptable voltage is sensed by 2
out of 3 PTs on any phase.

When a single high voltage open phase and/or high impedance fault condition manifests itself
as an unacceptable voltage on the medium voltage buses, multiple alarms will be provided in
the MCR. Multiple alarms associated with the same phase on different medium voltage buses
would support operator diagnosis and recovery actions including:

* Isolate the affected medium voltage bus from the electrical distribution system, and
* Enable the onsite standby diesel generators to restore ac power to the ES-1 and ES-2

buses and associated defense-in-depth loads, or
* Perform a controlled transfer of the affected medium voltage bus to the associated RAT

(although not a credited GDC 17 offsite power supply and not required for safe shutdown
of the plant).

Since the AP1 000 design plant does not require ac power to achieve safe shutdown, the
operator is allowed up to 72 hours to initiate mitigating strategies, i.e., starting and loading the
ancillary diesels.
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The AP1000 design electrical protection relay setpoints and supporting analyses have not yet
been completed. These will be completed prior to fuel load.

The IDS battery charger has conventional input voltage monitoring of each input phase using
two redundant Class 1 E undervoltage relays per phase (27D and 27E). In Chapter 7 of the
UFSAR, Figure 7.2-1 shows the interface of these relays to the safety-related Protection and
Safety Monitoring System (PMS) functional logic.

The 27D and 27E relays are included in the system design to detect an "unacceptable input
voltage" from the nonsafety-related low voltage electrical distribution system. This design
feature detects loss of ac power events.

In addition, the IDS battery charger employs several design features which provide protection
and downstream dc bus support when the battery charger input or output monitored electrical
parameters are unacceptable.

Plant electrical analyses, once completed, will demonstrate the voltage level imposed by normal
operations (e.g., motor start transient) that the battery charger will be required to ride through
without taking protective action or causing nuisance alarms.

There are no plant electrical analyses planned that will demonstrate the magnitude of voltage at
the charger input terminals under a high voltage grid-side open phase with or without a ground
fault condition across varying levels of fault impedance. Such analyses are not necessary since
the isolation features of the IDS battery chargers and the proper operation of safety-related
components are not adversely influenced by ac system parameters. A formal type test will be
performed on an IDS battery charger to verify expected ac input and charger dc output voltage
characteristics. This data will provide input into final equipment protection setpoints.

When MCR alarms are actuated from multiple IDS battery chargers, the condition provides
indication of an electrical power disturbance for a range of events, including a high voltage MSU
transformer open phase condition. In the event that IDS input or output monitored electrical
parameters do not fall below any of the alarm/action setpoints during an unacceptable electrical
system voltage condition, the IDS battery charger is expected to continue providing its normal
charging function with no adverse charger or Class 1 E dc system impacts.

Compliance Response to GDC 17

In Section 8.2.3.2, "Conformance to Criteria (Part Exemption from GDC 17 for AC Offsite Power
Sources)" of the Final Safety Evaluation Report Related to Certification of the AP1000 Standard
Design (NUREG-1793, Initial Report), the NRC states:

The underlying purpose of the requirement of GDC 17 to provide two offsite power
sources to the plant is to ensure sufficient power to accomplish safety functions. The
APIO00 design does not rely on power from the offsite system to accomplish safety
functions, and therefore, the underlying purpose of the rule is met without the need for
two independent offsite circuits. The staff concludes that special circumstances exist, in
that, the regulation need not be applied in this particular circumstance to achieve the
underlying purpose of having two offsite power sources. This meets the requirements
for an exemption to GDC 17, as described in 10 CFR 50.12. Therefore, the staff
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concludes that an exemption to the requirements of GDC 17 for two physically
independent offsite circuits is justified.

Chapter 3.1.2 of the UFSAR describes the AP1 000 design compliance to GDC 17. Specifically,
the AP1000 plant design supports an exemption to the requirement of GDC 17 for two
physically independent offsite circuits by providing safety-related passive systems for core
cooling and containment integrity, and multiple nonsafety-related onsite and offsite electric
power sources for other functions. Chapter 6.3 of the UFSAR provides additional information on
the systems for core cooling.

The AP1000 plant design provides for a reliable safety-related dc power source (IDS) supplied
by batteries that provide power for the safety-related valves and instrumentation to actuate the
safety-related passive systems during transient and accident conditions. This system includes
the associated safety-related 120 Vac distribution equipment that provides electrical power to
the Class 1E protection and monitoring system (PMS). The UFSAR GDC 17 compliance
section specifically states:

" "Although the AP1000 is designed with reliable nonsafety-related offsite and onsite ac
power that are normally expected to be available for important plant functions,
nonsafety-related ac power is not relied upon to maintain the core cooling or
containment integrity."

* "The nonsafety-related ac power system (ECS) is designed such that plant auxiliaries
can be powered from the grid under all modes of operation."

The UFSAR also states that the AP1000 design onsite standby power system is not required for
safe shutdown of the plant.

NRC Request (continued):

In addition to the above, SCE&G is requested to provide sufficient analyses for the
staff to determine whether the VCSNS response meets the requirements of 10 CFR
Part 50, Appendix A, GDC 17 "Electric power systems," regarding the offsite power
circuit and onsite electrical power distribution system to provide adequate capacity
and capability in view of the design vulnerability identified in NRC Bulletin 2012-01,
"Design Vulnerability in Electric Power System."

SCE&G Response:

Provided below are specific portions of Criterion 17-Electric power systems - along with a
discussion of how that topic relates to the AP1000 standard plant design.

"An onsite electric power system and an offsite electric power system shall be provided
to permit functioning of structures, systems, and components important to safety."

The AP1 000 design provides both an onsite and offsite electric power system. The capability of
supporting safety-related SSC's is provided through the use of the IDS without reliance upon the
main ac power system (ECS). Although provided by the design, availability of the main ac
power system is not required to achieve or maintain safe shutdown. Additionally, a loss of ac
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event is a very low PRA contributor since it only results in the loss of some nonsafety-related
defense in depth SSC's. The only safety-related function of the ECS system is to provide circuit
breakers (2 per pump) for tripping of the RCP's. This function is redundant, is Class 1 E, and is
designed to meet the single failure criterion for each pump. This function is initiated from the
protection system (PMS) based on nuclear system parameters and not through the plant
electrical system (ECS) relaying capabilities.

The IDS comprises four shutdown divisions any three of which can achieve shutdown.
Independent divisions of the IDS support the sole safety-related function of the ECS by
providing redundant Class 1 E control power to the trip circuit. Assuming a single division failure
coincident with a loss of all ac, the remaining divisions provide sufficient capacity and capability
to assure that (1) specified acceptable fuel design limits and design conditions of the reactor
coolant pressure boundary are not exceeded as a result of anticipated operational occurrences
and (2) the core is cooled and containment integrity and other vital functions are maintained in
the event of postulated accidents. By providing both the capability and capacity with a single
safety failure, the four IDS divisions have the capability to provide the required assurances and
also provide the required control power support to the ECS safety-related function of RCP trip.

"The onsite electric power supplies, including the batteries, and the onsite electric
distribution system, shall have sufficient independence, redundancy, and testability to
perform their safety functions assuming a single failure."

As indicated in UFSAR Table 8.1-1, GDC-1 7 is only applicable to the onsite Class 1 E dc power
system as part of the plant safety bases. The IDS is designed to provide all of the
independence, redundancy, and testability associated with a Class 1 E distribution system fully
compliant with the single failure criterion. Only the Class 1 E dc and associated ac instrument
and control bus power distribution systems have Operability, Limiting Condition for Operation
and Surveillance Test Requirements in the licensing basis. Unlike operating plants, there are
no Technical Specification requirements for the Offsite AC Sources in the AP1 000 design
Technical Specifications. In the Investment Protection Short Term Availability Controls, one
offsite ac source and one onsite ac source is recommended to be operable in MODE 5 with the
RCS open and in MODE 6 with upper internals in place or the reactor cavity less than full to
support RNS System operation during shutdown periods, but the PXS system is the credited
system to mitigate postulated events during MODE 5 and 6 which only requires Class 1 E dc and
associated ac instrument and control bus power distribution systems to perform its safety-
related function.

"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."

The AP1000 design has an exemption to the requirement for a second offsite source. Therefore
the preceding information is not applicable.

"Each of these circuits 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
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circuit], to assure that specified acceptable fuel design limits and design conditions of the
reactor coolant pressure boundary are not exceeded."

The AP1 000 design requires a safety analysis input of three (3) seconds of ac power following a
turbine trip with no electrical faults. However, in the Chapter 15 analyses, if the initiating event
is an electrical system failure, the analyses do not assume operation of the RCPs following the
turbine trip and therefore require no support from the non-Class 1 E electrical system (ECS).
This defines the only requirement of the ECS system with respect to power availability during
postulated events and as shown above is not a requirement if the initiating event is an electrical
fault.

"One of these circuits 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."

The AP1000 design meets these criteria. The single offsite circuit is normally available within a
few seconds. The AP1000 design includes two offsite circuits; however, because only one
circuit is required, the circuit does not and is not required to meet a single failure criterion or
similar level of fault tolerance. If all offsite circuits are lost due to a single failure, there is no
impact to credited core cooling, containment integrity, and vital safety-related functions while a
circuit is restored assuming a coping time of 72 hours to provide alternate PCS cooling means.
Additionally, provisions are included in the design to repower the PCS system pumps and
PAMS cabinets plus MCR lighting and temporary cooling from the Ancillary ac diesel generators
after 72 hours if power cannot be restored from an offsite circuit or from the onsite standby
diesel generators.

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

This requirement encompasses the grid stability provision. To meet this provision, the stability
analysis is generally used to demonstrate adequate voltage and frequency support for the
following contingencies: loss of the in-unit main generator, loss of the closest unit (electrically)
on the grid, loss of the largest unit on the grid, loss of the worst case transmission line, close in
faults, etc. The AP1 000 design only requires the grid to be available for 3 seconds following a
turbine trip with no electrical faults. This is recognized and accepted in the AP1 000 design
FSER based on the incredible probability of a coincident electrical fault with a reactor transient
requiring RCP flow above coast down.

In addition, the SSC's that 10 CFR 50.55a(h)(3) applies to on the AP1 000 standard plant design
are wholly, completely, and exclusively powered by the IDS. Each IDS charger has monitoring
features that detect the loss of input phase voltage resulting from a grid loss of single phase or
high impedance ground fault, and isolates the Class 1E system from the Non 1E system.

NRC Request (continued):

"If FSAR changes or ITAAC are necessary, it should include, as a minimum,
design and analyses information to automatically detect and alarm in the main
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control room for a singlephase open phase condition with and without a high
impedance ground condition, on the high voltage side of a transformer
connecting a credited GDC-17 offsite power circuit to the transmission system."

SCE&G Response:

FSAR changes or ITAAC are not necessary because the VCSNS Units 2&3 AP1 000 design
meets current regulatory, licensing, and design requirements as described in the SCE&G
response above. The credited source is neither designed nor required to be single-failure proof,
and as such may experience credible faults such as an open phase condition with or without
high impedance ground faults. Lack of detection for such a fault on the high side of the
transformer does not prevent the AP1000 design from accomplishing safe shutdown, as the
AP1000 design does not rely on power from the offsite system to accomplish safety-related
functions. As stated by the NRC staff in Section 8.2.3.2, "Conformance to Criteria (Part
Exemption from GDC 17 for AC Offsite Power Sources)" of the Final Safety Evaluation Report
Related to Certification of the AP1000 Standard Design (NUREG-1793, Initial Report), "The
underlying purpose of the requirement of GDC 17 to provide two offsite power sources to the
plant is to ensure sufficient power to accomplish safety functions. The AP1 000 design does not
rely on power from the offsite system to accomplish safety functions, and therefore, the
underlying purpose of the rule is met." Additionally, because the AP1000 standard design
features discussed above were certified as part of the AP1 000 design certification rule found in
10 CFR Part 52, Appendix D, and the NRC already has issued the COLs with specific ITAAC,
these design features and terms and conditions of the COLs are subject to the finality provisions
in 10 CFR Part 52, including those in 10 CFR 52.63 and 10 CFR 52.98.
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