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1. INTRODUCTION

1.1 PURPOSE

The purpose of this report is to document the evaluations performed to address
Unresolved Safety Issue (USI) A-46 at Carolina Power and Light's (CP&L's) Brunswick
Nuclear Plant (BNP), using the Generic Implementation Procedure (GIP) developed by
the Seismic Qualification Utility Group (SQUG).

1.2 PLANT DESCRIPTION

The Brunswick site is located 20 miles south of Wilmington, N.C., at the mouth of the
Cape Fear River in Brunswick County, N.C. The plant consists of two General Electric
(GE) boiling water reactors with Mark | containments. The net electrical output of the
reactors is 821 Mwe and 851 Mwe, respectively. Unit 2 went critical in March, 1975,
and was commercially operational in November, 1875 Unit 1 went critical in October,
1976, and commercial operations began in March, 1977,

The architect/engineer was United Engineers and Constructors, Inc. (UE&C); the
construction contractor was Brown and Root, Inc. (B&R). GE supplied the turbine-
generator as well as startup services and installation technical supervision for the
nuclear steam supply system (NSSS) and nuclear fu-’

1.3 BACKGROUND

Seismic equipment qualification requirements have changed extensively since
commercial nuclear power plants were first constructed. As a result, the U.S. Nuclear
Regulatory Commission (NRC) initiated US| A-46, "Seismic Qualification of Equipment
in Operating Nuclear Plants," in December of 1980. The purpose of USI A-46 is to verify
the seismic adequacy of essential equipment in older operating plants that have not
been qualified in accordance with more recent criteria.

In 1982, SQUG was formed to develop a practical approach for seismic qualification of
equipment in operating plants. The approach developed by SQUG uses the
performance of power plant and industrial equipment in actual earthquakes as the
primary basis for evaluating the seismic ruggedness and functionality of essential

52213 15/A46-rpt0 doc
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equipment in nuciear power plants. In 1983, the NRC issued NUREG 1018 which
includes a general endorsement of the use of experience data to verify the seismic
adequacy of equipment in nuclear plants.

In early 1987, the NRC issued Generic Letter (GL) 87-02 to owners of operating nuclear
plants which were licensed prior to the development of modern seismic qualification
standards. The recipients of GL 87-02, including Brunswick, are referred to as A-46
plants. GL 87-02 requires owners to take action to verify the seismic adequacy of
important equipment in tt.eir plants. The SQUG approach embodied in the GIP is
explicitly recognized by the NRC as the preferred method for accomplishing this
objective.

In 1892, the NRC issued Supplement No. 1 to GL 87-02 (Reference 2) which
transmitted Supplemental Safety Evaluation Report No. 2 on SQUG GIP, Revision 2, as
corrected on February 14, 1992 (Reference 1). References 1 and 2 are the basis for the
seismic evaluations described in this report.

Detailed plant walkdowns are considered to be the most cost-effective and beneficial
aspect of the A-46 program. Combined A-46 and Individua! Plant External Events
Evaluations (IPEEE) walkdowns were performed by teams of CP&L and EQE
International (EQE) engineers in accordance with the SQUG GIP, and enhancements
based on EPRI NP-6041. Reference 3 describes CP&L's approach for resolving USI A-
46. This approach was accepted by the NRC in Reference 4.

1.4 REPORT ORGANIZATION

The remaining sections of this report are organized in accordance with Section 11.9.4 of
the GIP. These sections include the following:

e Section 2: Project Team The ZP&L and EQE project teams are

discussed. Resumes for the Seismic Capability Engineers (SCEs) are
included in Appendix A of this report.

» Section 3. Safe Shutdown Earthquake The BNP Ground Response
Spectra (GRS) and In-structure Response Spectra (IRS) are briefly

described.

$2213-15/A46-rpt0 doc
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Section 4. Safe Shutdown Equipment List (SSEL). This section

contains information from the SSEL report recommended for
submittal to the NRC, per Section 11.9.2 of the GIP. Descriptions of
the safe shutdown path selection, plant operation procedures used,
and CP&L Operations Department review of the SSEL are discussed.
The Composite SSEL is contained in Appendix B.

Section 5. Mechanical and Electrical EQuipment Review. Screening

verification and walkdown results for mechanical and electrical
equipment are included in the Seismic Verification Data Sheets
(SVDS) summary table which is found in Appendix C. Instances of
meeting the intent of a caveat without meeting the specific wording of
the caveat are summarized in Appendix D. Outlier summary tables
are included in Appendices E.

Section 6. Tanks and Heat Exchangers Review Section 6

summarizes the results of the tanks and heat exchangers review.
These results are documented in the SVDS summary table in
Appendix C. Instances when the intent but not the letter of the caveat
was met are summarized in Appendix D. Outliers are summarized in
Appendices F.

Section 7. Cabie and Conduit Raceway Review. Results of the

raceway review are discussed, and a summary of raceway outliers is
presented Appendix G.

Section 8. Plan and Schedule for Unresolved Qutliers. CP&L's
proposed plan and schedule for resolving outliers are described in
this section.

Section §: Sianif P ic Deviati [ he GIP.
Significant or programmatic deviations from the GIP are described in
this section

Section 10. Audit Summary. A brief summary of the A-46 third party
audit is contained in this section. The report is in Appendix H.

52213-15/A46-rpt0 doc
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e Section 11. References References used in this document are listed

in this section.

2. PROJECT TEAM

The A-46 program at the Brunswick site was accomplished using a multi-discipline team
comprised of key CP&L and EQE personnel.

21 CP&L REPRESENTATIVES.

CP&L provided overall project management of the A-46 effort as a well as engineering
support in the structural, mechanical, and instrumentation & control (1&C) disciplines.
Operations, licensing, and quality assurance representatives were also part of the CP&L
project team.

2.2 SEISMIC CAPABILITY ENGINEERS.

Seismic capability engineers (SCEs) were provided by both CP&L and EQE. The
engineers who participated in the walkdown are listed below. Resumes for all SCEs are
contained Appendix A.

CP&L EQE
Ron Knott Leo Bragagnolo
Kevin Poythress Carl Nelman
Steve Bostian Tom Roche
Jeff Bond Brantley Buerger
Daryl Hughes Jim Disser

Kelly Merz

EQE SCEs Kelly Merz, Carl Nelman, and Jim Disser also participated in walkdowns
unrelated to A-46 that were started by CP&L in December of 1994 to improve the
material condition of the Brunswick plant. This walkdown effort was very thorough, and
ultimately included most areas of the plant containing safety related equipment. As a
result of their participation in these walkdowns, the SCEs developed a greater familiarity
with the plant than would normally occur during the course of A-46 walkdowns. This
increased familiarity significantly increased the effectiveness of the walkdowns.

§2213-15/A46-rpt0 doc
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2.3 THIRD-PARTY AUDITORS

In accordance with Part | Section 2.2.7 of the GIP, Mr. Charbel M. Abou-Jaoude and Mr.
Stephen Reichle of Vectra Technologies performed the third-party audit. Neither of
these individuals were part of the BNP Seismic Review Teams. Their resumes are
presented in Appendix A.

52213-15/A46-rpt0 doc
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3. DESIGN BASIS EARTHQUAKE

3.1 GROUND RESPONSE SPECTRA

The peak ground acceleration (PGA) for the Brunswick plant design basis earthquake
(DBE) is 0.16g. For the four Category | structures included in the A-46 evaluation, the
ground spectra specified for the resolution of A-46 correspond to two types of input
ground motion as described below and summarized in Table 3-1.

For the Diesel Generator Building (DGB) and the Control Building (CB), the input ground
motion corresponds to the Design Response Spectra (DRS) specified in the piant Final
Safoty Analysis Report (SSAR). The DRS are based on smoothed 1940 North-South Ei
Centro spectrum normalized to 0.08g PGA (multiplied by two for DBE) with the spectral
shape and ampiifications similar to 84th percentile NUREG CR-0098 spectra.

For the Service Water Intake Structure (SWIS) and the Reactor and Containment
structures, new spectra were generated based on a RG 1.60 (Reference 6) design
response spectrum and a horizontal PGA of 0.16g (plant DBE).

The ground response spectra for vertical motion associated with the DBE are defined in
the plant FSAR as two-thirds of the horizontal motions. The RG 1.60 and FSAR DBE
spectra are both considered to be conservative, design spectra.

3.2 IN-STRUCTURE RESPONSE SPECTRA.

Either inedian-centered or conservative, design In-structure Response Spectra (IRS)
may be used for resolution of A-46. For Brunswick, conservative design IRS were
chosen, with the ground motion defined for each building as described in Section 3.1.

Conservative, design IRS were generated from three-dimensional soil-structure
interaction (SSI) analyses for the Brunswick Reactor/Containment structure and the
SWIS at 3% and 5% spectral damping. The buildings were analyzed per the Staridard
Review Plan and other current regulatory guidelines, e.g., RG 1.61 and 1.122.

For the CB and the DGB, the conservative, design IRS reported in the piant FSAR were
utilized. The FSAR iRS were generated based on an artificial time history developed to
envelope the DRS at the damping values of interest. This time history was utilized in

52213-15/A46-rpt0 doc
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. developing the IRS at various elevations. The spectral acceleration values were
multiplied by two to arrive at the DBE IRS

CP&L's approach for resolution of A-46 was described in a letter to the NRC (Reference
3). The approach was accepted by the NRC per Reference 4.

§2213-15/A46-1pt0 doc
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Table 3-1

BRUNSWICK GROUND RESPONSE SPECTRA

Input Ground
Structure Response
Spectrum
Reactor/ RG 1.60
Containment (new)
Control Design Basis
(FSAR)
Diesel Design Basis
Generator (FSAR)
Service Water RG 1.60
Intake (new)
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4. SAFE SHUTDOWN EQUIPMENT LIST

4.1 SAFE SHUTDOWN REQUIREMENTS

The purpose of this section is to document the selection of Brunswick Nuclear Plant
Units 1 and 2 equipment need~d to achieve and maintain a safe shutdown condition for
resolution of Unresolved Safety Issue (USI) A-46.

The equipment identified in this report is that required to bring the plant to a safe
shutdown condition following an earthquake and to maintain it there for a minimum of
seventy-two hours. The safe shutdown equipment selection is based on the rules and
requirements of Section 3, "Identification of Safe Shutdown Equipment,” and the
guidelines of Appendix A, "Procedure for Identification of Safe Shutdown Equipment” of
the GIP (Reference 1).

Additional equipment, beyond that specified by the GIP, is also identified in this report
as equipment which may be used as limited options to the equipment required for
resolution of US| A-46.

Four functions should be accomplished to achieve and maintain a safe shutdown
condition follov/ing a design basis earthquake. These functions are: (1) reactivity
control, (2) reactor coolant pressure control, (3) reactor coolant inventory control, and
(4) decay he at removal. The systems selected to perform these safe shutdown
functions at BNP Units 1 & 2 are identified in this report. Some of the more significant
criteria and assumptions used in selecting the safe shutdown systems, as outlined in the
GIP, are as follows

* The safe shutdown equipment should not rely upon off-site power. All identified
equipment needing electrical power should be powered by the diesel generators or
station batteries.

* The effects of restoring off-site power should be considered in cases where
equipment would be re-energized and change to an undesirable state.

* Redundancy should be provided for each safe shutdown function such that out-of-
service equipment or a single, active failure of any item of equipment does not
preciude the fulfiliment of the safe shutdown function.

§2213-15/A46-1pt0 doc
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¢ The safe shutdown systems chosen should be consistent with the normal and
emergency operating procedures which are used to bring the plant to a safe
shutdown condition.

* With the exception of loss of off-site power, no accidents or extraordinary events are
postulated to occur concurrently with or sequentially to the safe shutdown
earthquake.

» Operator action is permitted, if necessary, to accomplish the safe shutdown function
provided that sufficient manpower and time are available and proper procedures are
in place

4.2 SAFE SHUTDOWN FUNCTIONS

The purpose of this section is to describe the safe shutdown paths that were chosen to
respond to @ postulated safe shutdown earthquake. Specifically, this section describes
what systems are selected for performing the following four functions during shutdown:

¢ Reactor reactivity control,

* Reactor coolant pressure control,

¢ Reactor coolant inventory control, and
¢ Decay heat removal.

The following figures illustrate the various BNP systems which are available to perform
the above four functions. These figures use solid bold lines to identify the systems
selected to meet the minimum requirements of USI A-46. The solid thin lines identify
the alternative systems selected to fulfill the shutdown function. The dashed lines
identify other systems which are available for shutdown but are not selected for this
evaluation.

The primary path used for safe shuidown at BNP Units 1 & 2 is insertion of the control
rods and depressurization of the reactor coolant system, using the SRVs and one of the
inventory control systems. The residual heat removal system is then used to maintain
reactor coolant inventory and remave decay heat.

The systems selected for performing the four safe shutdown functions and other
optional systems are described below. More detailed descriptions of these safe
shutdown systems are provided in Section 4 3 and 4 4.

§2213-16/A46-rpt0 aoc
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Automatic Manual
RPS RPS

Trip Trip

BNP Safe Shutdown for Reactor Reactivity Control
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& Reactor Coolant
Pressure Control

e —

Contro! Pressure

l

Safety Relief Safety Relief
Valves Valves (manual
@ (actuation at actuation of at

setpoint) least two valves)

l

BNP Safe Shutdown for Reactor Coolant Pressure Control
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Reactor Coolant
Inventory Control

HPCI at
Operating
Pressure

Y

| | CS (train A)

less than
410 psig

CS (train B)
less than
410 psig

'

Y

1

Safety Relief Valves
(manual actuation)

BNP Safe Shutdown for Reactor Coolant Inventory Control
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Decay Heat Removal
S S

Initial SPC Mode

'

RHR (train B) RHR (train A)

;

Long-term SDC mode

¢

RHR (train B) , RHR (train A)

'

BNP Safe Shutdown for Decay Heat Removal
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The first plant challenge in response to a seismic event is to control reactivity, thus
reducing core power to decay heat levels. This function is accomplished by the rapid
insertion of the control rods into the core. This is the normal method for reactor
shutdown and occurs automatically when a reactor trip signal is generated. As a
backup action, the operators can execute a manual reactor trip from the main control
board. The control rods provide adequate shutdown margin to allow for the control rod
of the highest worth to fail to insert. The inherent redundancy of thie system provides
protection against a single active failure. The Standby Liquid Control system was not
selected as a backup means for reactivity control because it does not rapidly shut down
the reactor and its operation is somewhat stressful for the operator.

The function of reactivity control is achieved by interaction between the Reactor
Protection System (RPS) and the Control Rod Drive Hydraulic Control Unit (CRD/HCU)
System. The RPE contains the actuation circuitry, alarms, active equipment, and
passive equipment required to trip the reactor. It also contains the equipment used to
confirm and monitor the trip status. The CRD system provides the passive, mechanical
means to insert the control rods. interaction between these two systems will provide for
reactivity control. The previous figure shows the success path diagram for reactivity
control. The bold lines represent the primary path and the thin lines represent the
alternate path.

4.2.2 Reactor Coolant Pressure Control

Following a loss of offsite power and subsequent plant trip, the main steam isolation
valves will automatically close and an increase in the Reactor Coolant System (RCS)
pressure will occur requiring RCS pressure relief and control. The plant response to
control RCS pressure is the lifting of the safety relief valves (SRVs) at their respective
setpoints. An automatic depressurization system (ADS) exists, but is inhibited by the
control room operators in accordance with the Emergency Operating Procedures
(EOPs) and no credit is taken for ADS in this analysis. The SRVs are, however,
marually operated by the control room operators to lower reactor pressure and allow
low pressure injectic 1, if neaded, in accordance with EOPs. The redundancy against a
single active failure is provided by the divisional separation and multiple SRVs, and the
redundancy of the Nitrogen Backup System. The system is comprised of eleven valves

§2213-15/A46-rpt0 doc
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which are dependent on the Nitrogen Backup system for their pneumatic motive force.
Success is defined by the proper functioning of at least two SRVs to control pressure.
An aiternate means to reduce reactor pressure which is included in the EOPs is
"Alternate Emergency Depressurization”. This pressure reduction &V srnative was not
selected because of the redundancy of the SRVs and their support systems.
Additionally, use of this means places a high burden on the operator. The previous
figure shows the success path diagram for reactor pressure control. The bold lines
represent the primary path and the thin lines represent the alternate path.

4.2.3 Reactor Coolant inventory Control

This section describes the safe shutdown equipment required for accomplishing the
reactor coolant inventory control function. The inventory of the reactor coolant system
(RCS) is controlied by injecting water into the RCS and by minimizing the loss of water
from the various openings in the system. Note that the alternatives for reactor coolant
inventory control are closely related to some of the alternatives for reactor coolant
pressure controi.

RCS inventory can be supplied by one of the following systems depending on
the RCS pressure

. High Pressure Ceolant Injection (HPC!) - (Operating Pressure)

The normal makeup function is provided by taking suction from the
Condensate Storage Tank (CST) to the HPC| pump and then discharge
through the normal charging paths to the RCS. However, the alternate
suction path from the Suppression Pool (SP) has been chosen due to its
greater seismic capacity and larger margin of success over the 72 hour
mission time.

. Core Spray (CS)- (RCS pressure < 410 PSIG)

An option for providing makeup to the RCS is provided by one train of the
Core Spray system (in conjunction with manual depressurization to < 410
psig). For resolution of USI A-46, train A is chosen as the preferred train,

§2213-15/A46-mpt0 doc
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‘ although either train could be used. Each CS pump takes suction from
the SP and injects into the RCS.

RCS_Inventory Discharge

The discharge from the RCS is controlled by minimizing the loss of inventory
through various paths. One significant path is shown below:

. Safety Relief Valves (SRVs)

The SRVs are included in the US' A-46 SSEL to ensure that they close
after demand.

4.2.4 Decay Heat Removal - Residual Heat Removal System

The final function required to meet safe shutdown is decay heat remcval. Decay heat
removal can be accomplished at either hot or cold shutdown conditions. BNP
procedures direct the operators to go to cold shutdown foliowing a seismic event.
During the early stages of the plant shutdown procedure, decay heat removal is

‘ achieved by placing one loop of the Residual Heat Removal (RHR) system in the
Suppression Pool Cooling (SPC) mode with the second RHR loop available as a backup
path. In the latter stages of the plant shutdown procedure, decay heat removal is
achieved by placing one loop of RHR in the Shutdown Cooling (SDC) mode with the

second loop providing the backup function.

The suction and discharge paths are dependent on the mode of operation. During the
SPC mode, the RHR system takes suction from and discharges to the Suppression Pool
via the RHR Heat Exchangers. During the SDC mode, the system takes suction from
and discharges to the reactor vessel via the RHR heat exchangers. The Suppression
Pool inventory is sufficient for the designated 72 hour mission time.

4.3 SAFE SHUTDOWN SYSTEMS

Front line systems required to achieve safe shutdown are discussed below

4.3.1 Reactor Protection System
System Function

§2213-15/A45-rpt0 doc
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In support of US| A-46, the reactor protection system (RPS) provides a means of reactor
reactivity control. This is accomplished by control rod insertion, which is dependent on
opening of the reactor trip breakers or interruption of power to the motor-jenerator sets.

System Design
The RPS contains the actuation circuitry, alarms, active equipment, and passive
equipment required to trip the reactor. It also contains the equipment used to confirm

and monitor the trip status. The RPS components mounted on or in the reactor vesse!
are excluded from the scope of the US| A-46 review.

System Dependencies
The following systems provide support functions required for success of the reactor

protection system

» Instrument Power System: The instrument power system provides 120 VAC supply
for instrument operation. Two independent paths provide power to the RPS system.
The normal path is from MCCs CA and CB through MG sets A and B to the RPS
buses. An alternate path provides power to the RPS buses from Emergency Buses
ES & E6 (Unit 1) or E7 & EB (Unit 2) via stepdown transformers and voltage
regulators.

The RPS dependencies are summarized in Table 4-1.
4.3.2 Control Rod Drive/ Hydraulic Control Unit System
System Function

In support of USI A-46, reactivity control is provided by the passive portions of the
Control Rod Drive (CRD).

System Design
The Control Rod Drive system required for reactivity control following a seismic event is
limited to the nitrogen pressurization system, the scram accumulators, the scram AOVs.

the scram solenoids and the control rod drive rams. The control rod drive itself is not
listed on the SSEL as it is a part of tha NSSS equipment teemed to be seismically

652213-15/A46-rpt0 doc
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rugged and exempt from evaluation. The components listed or, .x2 SSEL are for one
control rod drive unit and are typical of all 137 control rod drive units.

System Dependencies

The CRD system reactivity control (control rod drive insertion) function is a passive, fail
safe function. Therefore, no system dependencies exist.

33 High P Sool aciion 8
System Function

The High Pressure Coolant Injection (HPCI) system function is to provide coolant to the
reactor vessel during accidents in which pressure remains high. It also serves to
provide sufficient core cooling to prevent excessive fuel cladding temperature in the
event of « small line break of any non-isolatable line directly associated with the nuclear

boiler. In support of US| A-46, the HPCI systen: provides a high pressure method for
maintaining reactor inventory control.

System Design

The HPCI system consists of a single train with a 100% capacity turbine and pump
assembly, piping, valves, instrumentation, control and accessories. Steam for the HPCI
turbine is supplied from Main Steam Line "A". The normal supply of water for the HPCI
system is from the Condensate Storage Tank (CST) with backup provided by the
Suppression Pool. For purposes of US| A-46, the HPCI pump will take suction from the

Suppression Pool (SP) and inject to the reactor vessel via the feedwater lines and the
spray ring mounted inside the core shroud.

System Dependencies Assessment
The following systems supply support functions for the HPCI system:

* DC Power (C Electric power for the HPCI components is supplied through
Division | buses. Principally, DC power is supplied through MCC 1(2)XDA.

« HVAC: The HPCI room is cooled by air ducted from the two RHR Room coolers.
Previous HVAC analysis indicates that room cooling is not required for a mission
time of 24 hours. The study is not sufficient in scope to cover the 72 hour mission
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time dictated by US| A-46. Therefore, the HVAC equipment and dependency is
included in the SSEL.

» Emergency Core Cooling System (ECCS) Actuation: The ECCS automatically
actuates the HPCI system given a reac: - low level (LL#2) or high drywell pressure
signal.

HPCI system dependencies are summarized in Table 4-1.
4.3.4 Safety Relief Valve System
System Function

In support of US| A-46, the Safety Relief Valves (SRVs) accomplish two safe shutdown
functions - reactor coolant pressure control and reactor coolant inventory contro!. The
SRVs accomplish reactor coolant p:essure control by manual depressurization of the
nuclear system in the event that the main condenser is not available. The SRVs assist
in reactor coolant inventory control by blowdown of the nuclear system in conjunction
with operation of the Core Spray system.

Systern Design

The SRV system consists of 11 safety relief valves associated with reactor pressure
vessel overpressure protection, associated instrumentation and controls. For purposes
of US| A-46, the SRV valve box includes the valve body, air positioner and solenoid.
The valves are located on the four steam lines between the pressure vessel and the first
Main Steam Isolation Valve (MSIV). When open, each valve discharges through a
separate line to a point below the minimum water level of the Suppression Pool. The

SRVs open by self-actuation at their set points or manual actuation per operating
procedures.

System Dependencies
The following systems supply support functions for the SRV system:

* DC Power (DCP): Instrument power for the SRVs is provided by two 125 V DC
power sources.
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¢ Nitrogen Backup: The Nitrogen Backup system provides the motive force for
manual operation of the SRVs.

SRV system dependencies are summarized in Table 4-1.

4.3.5 Residual Heat Removal System

System Function

The Residual Heat Removal (RHR) system is a closed loop system capable of operating
in several different modes for the purpose of removing stored and decay heat from the
reactor and containment during both normal and accident conditions. in support of US|
A-46, the RHR system removes decay heat by the Suppreesion Pool Cooling (SPC)

mode and the Shutdown Cooling (SDC) mode. These modes of operation provide for
immediate and long term cooling of the nuclear system.

System Design
The RHR system consists of two complete and independent loops/trains, identified as

Train A or Train B. Each train contains two pumps, piping, valves, a heat exchanger,
and associated instrumentation and controls.

During the SPC mode, the RHR system takes suction from and dischar jes to the
Suppression Pool via the RHR Heat Exchanger. The suction and discharge path for the
SDC mode is to and from the Reactor Vessel via the RHR Heat Exchanger. Although
the alignment and state of the components vary with mode, most components are
common to all modes of operation.

System Dependencies
The following systems supply support functions for the successful operation of the RHR
system:

* AC Power: In general, pumps and valves of Train A receive power from Division |
buses and those of Train B receive power from Division Il buses.

* DC Power. DC power from MCC 1(2)XDB provides control power to a limited
number of valves.
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» Service Water: The Service Water system provides cooling water to the RHR
pumps and RHR Room Coolers.

* HVAC: The HVAC system provides room cooling for RHR system components.

» Emergency Core Cooling System (ECCS) Actuation: The ECCS automatically
actuates the RHR system given a reactor low water level (LL#3) signal or 2 high
dryweli pressure signal coincident with a reactor vessel low pressure signal.

RHR system dependencies are summarized in Table 4-1.

4.3.8 Core Spray System

System Function

The Core Spray (CS) system is a low pressure Emergency Core Cooling System
(ECCS). The CS System keeps the reactor core covered and prevents fuel cladding

damage in the event that the core is uncovered by a Loss Of Coolant Accident (LOCA).
In support of US| A-46, the CS system maintains reactor coolant inventory.

System Design

The CS system consists of two independent redundant trains, A and B. Each train has
a motor-driven pump with 100% capacity, motor operated valves, piping, controls and
instrumentation. The system operates in conjunction with the SRVs. The system takes

suction from the Suppression Pool and discharges to the reactor vessel via a sparger
ring/spray nozzie located above the core.

System Dependencies
The following systems supply support functions to the CS for successful operation:

* AC Power: AC power is supplied to CS pumps and vaives via MCC 1(2)XC and
MCC 1(2)XD

* DC Power. Core Spray actuation control circuitry is powered by & 125V DC source.

*« HVAC: The HVAC system provides room cooling for CS system components.
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» Emergency Core Cooling System (ECCS) Actuation: The ECCS automatically
actuates the CS system given a reactor low water level (LL#3) signal or a high
drywell pressure signal coincident with a reactor vessel low pressure signal.

CS system dependencies are summarized in Table 4-1.

3.7_Safe Shutdown Monitoring S
System Function

The safe shutdown of the plant involves monitoring of a variety of plant systems with
emphasis on the temperature and pressure of the reactor vessel and the drywell area.
The Safe Shutdown Monitoring Instrument list was generated from the list of “critical
plant instruments"” documented in the Station Blackout procedure, AOP 36.2. It
represents the minimum instrumentation necessary to monitor plant shutdown status.
Additional instrumentation used to monitor plant/system status is identified in the SSELs
for specific systems. In support of US| A-46, the Safe Shutdown Monitoring System
(SSDM) provides monitoring of the plant safe shutdown status.

System Design
The system contains sensors. transmitters, indicators and process instruments used to
monitor plant status. Multiple sensors in the field protect the system from a single active

failure. Instruments were chosen to provide indication over the level ranges anticipated
for the USI A-46 scenario.

System Dependencies

The foliowing systems supply support functions to the Safe Shutdown Monitoring
System for successful operation:

* AC Power: The Safe Shutdown Monitoring System is dependent on AC power for its
instrument power.

Safe Shutdown system dependencies are summarized in Table 4-1.
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. 4.4 SUPPORTING SYSTEMS

The safe shutdown listing for the supporting systems of the front line systems in section
4.3 are described below:

Rependency Matrix

As a prelude to the presentation of summary descriptions of the support systems, it is
useful to have an overall perspective on the important systems and their interactions.
De pendency matrices are provided for the BNP plant systems in Table 4-1. This table
identifies the direct dependencies of the front-line systems on the support systems.
Oniv direct dependencies are indicated in each table.

Table 4-1
Matrix of Front-Line System Direct Dependencies on Support Systems

. FRONT | s T | 1
LINE ACP pcp sW HVAC | Eccs | N2
SYSTEM | | BACKUP
RPS ST ¥ | % T ha 1
CRD/HCU
HPCI X X X X
SRVs X X
RHR X X X X X
Cs X X X X
SSDM X X
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System Function

Under the US| A-46 scenario, the service water (SW) system functions as a decay heat
removal support system supplying cooling water to the front-line systems required for
shutdown of the plant. The SW system is an open-loop system that suppiies cooling
water from the Atlantic Ocean, the ultimate heat sink (UHS), to the plant and discharges

heated water back into the Atlantic Ocean. Major components and systems of interest
which are cooled by SW are listed in Table 4-1.

System Design

The Service Water System (SWS) contains pumps, valves, piping, instrumentation and
controls. The system is subdivided into a Conventional Header/Train and a Nuclear
Header/Train. In support of US| A-46, the Nuclear Service Water Header/Train provides

sufficient coeling for the dependent front-line systems. Therefore, the Conventional
Header/Train is excluded from the SSEL.

System Dependencies

The following systems supply support functions necessary for the successful operation
of the SW system:

¢ AC Power: The AC Power system provides power to the SW pumps, valves,
strainers and traveling screens.

* DC Power. The DC Power system provides control power for the SW pumps and
control signals.

2 E . cooling A ion 8
System Function
The Emergency Core Cooling Actuation System (ECCS) monitors the plant status and

provides the signals required to actuate the Front-Line systems. In support of US| A-46,
ECCS actuates HPCI, CS and RHR as the accident scenario dictates.

System Design
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The ECCS system contains sensors, transmitters and relay logic used to automatically
actuate safety related systems. Most of the components are located in instrument
racks/panels.

System Dependencies

The foliowirig systems supply support functions necessary for the successful operation
of the ECCS:

 DC Powe:: The ECCS instrumentation is dependent on 125V DC power.

44.3 AC Power System

System Function

The AC power system is comprised of the off-site power system, the on-site normal and
emergency power systems, and the emergency diesel generator (EDG) system. Under
USI A-46 conditions, the offsite power system may be unavailable for 72 hours.

Therefore, AC power will be supplied by the emergency diesel generator (EDG) system
for this scenario.

System Design

Safety-reiated 480V buses are equipped with diesel generators which supply power to
those buses under emergency conditions. Each safety-related 480V AC bus supplies
power directly to various 480V auxiliaries and to various motor control centers (MCCs).

The safety-related MCCs supply power to the DC system battery chargers and the 120V
AC instrument buses.

The emergency buses supply power to plant shutdown auxiliaries and engineered safety
features. Each bus represents an independent power system with 100% emergency
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