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Abstract

This report presents the details of the analysis of core damage frequency due to fire during shutdown Plant Operational State
5 at the Grand Gulf Nuclear Station. Insights from previous fire analyses (Peach Bottom, Surry, LaSalle) were used to the
greatest extent possible in this analysis  The fire analysis was fully integrated utilizing the same event trees and fault trees
that were used in the internal events analysis.

In assessing shutdown risk due to fire at Grand Gulf, a detailed screening was performed which included the following
clements:

#) Computer-aided vital area analysis

b) Plant inspections

¢) Credit for automatic fire protection systems
d) Recovery of random failures

¢) Detailed fire propagation modeling

This screening process revealed that all plant areas had a negligible (< | OE-8 per year) contnibution to fire-induced core
damage frequency
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Foreword

(NUREG/CR-6143 and 6144)
Low Power and Shutdown Probabilistic Risk Assessment Program

Traditionally, probabilistic risk assessments (PRA) of severe accidents in nuclear power plants have considerad initiating
events potentially occurring only during full power operation. Some previous screening analyses that were performed for
other modes of operation suggested that risks during those modes were small relative to full power operation. However, more
recent studies and operational experience have implied that accidents during low power and shutdown could be significant

contributors to nsk.

During 1989, the Nuclear Regulatory Commission (NRC) initiated an extensive program to carefully examine the potential
risks during low power and shutdown operations. The program includes two parallel projects performed by Brookhaven
National Laboratory (BNL) and Sandia National Laboratories (SNL), with the seismic analysis performed by Future Resources
Associntes. Two plants, Surry (pressurized water reactor) and Grand Guif (boiling water reactor), were selected as the plants
to be studied.

The objectives of the program are to assess the risks of severe accidents due to internal events, internal fires, internal floods,
and seismic events initiated during plant operational states other than full power operation and to compare the estimated core
damage frequencies, important accident sequences and other qualitative and quantitative results with those accidents initiated
during full power operation as assessed in NUREG-1150. The scope of the program includes that of a level-3 PRA.

The results of the program are documented in two reports, NUREG/CR-6143 and 6144. The reports are organized as follows:

For Grand Gulf:

NUREG/CR-6143 - Evaluation of Potential Severe Accidents During Low Power and Shutdown Operations at
Grand Gulf, Unit |

Volume 1: Summary of Results
Volume 2: Analysis of Core Damage Frequency from Internal Events for Plant Operational
State 5 During a Refueling Outage
Part 1: Main Report
Part 1A: Sections 1 - 9
Part 1B: Section 10
Part 1C: Sections 11 - 14
Part 2: Internal Events Appendices A to H
Part 3: Internal Events Appendices I and J
Part 4:  Internal Events Appendices K to M
Volume 3: Analysis of Core Damage Frequency from Internal Fire Events for Plant
Operational State 5 During a Refueling Outage
Volume 4: Analysis of Core Damage Frequency from Internal Floc<ing Events for Plant
Operational State S During & Refueling Outage
Volume §: Analysis of Core Damage Frequency from Seismic Events for Plant Operational
State 5 During & Refueling Outage
Volume 6: Evaluation of Severe Accident Risks for Plant Operational State S During &
Refueling Outage
Part 1: Main Report
Part 2: Supporting MELCOR Calculations

Vol 3 X NUREG/CR-6143



Foreword (Continued)

For Surry:
NUREG/CR-6144 - Evaluation of Potential Severe Accudents Dunng Low Power and Shutdown Operations at
Surry Unit-1
Volume |: Summary of Results
Volume 2: Analysis of Core Damage Frequency from Internal Events During Mid-loop
Operations

Part 1: Main Report
Part 1A: Chapters 1 - 6
Part 1B: Chapters 7 - 12
Part 2: Internal Events Apperlices A to D
Part 3:  Internal Events Appendix E
Part 3A: Sections E.1 - E.8
Part 3B: Sections E.9 - E.16
Part 4:  Internal Events Appendices F to H
Part 5: Internal Events Appendix |
Volume 3: Analysis of Core Damage Frequency from Internal Fires During Mid-loop
Operations
Part 1: Main Report
Fart 2:  Appendices
Volume 4: Analysis of Core Damage Frequency from Internal Floods During Mid-loop
Operations
Volume 5: Analysis of Core Damage Frequency from Seismic Events During Mid-loop
Operations
Volume 6: Evaluauon of Severe Accident Risks During Mid-loop Operations
Part 1:  Main Report
Part 2:  Appendices
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Executive Summary

A detailed fire nsk assessment at shutdown has been
performed for Grand Gulf Nuclear Station. Although the
plant may be in various Plant Operational States (POS) at
shutdown 1t was decided to examine one POS in detail
POS § was chosen for this analysis. POS § can be entered
with decay heat as high as 0.9% of full power (34 MW),
however, after refueling decay heat will not be higher than
0.16% of full power (6MW) and this 1s the situation during
hiydro testing  For non-hydro conditions the plant state can
be maintained with Residual Heat Removal (RHR), or with
Alternate Decay Heat Removal System (ADHRS) 24 hours
after shutdown, during hydro testing, shutdown cooling 1s
with Reactor Water Cleanup (RWCU) letdown and Control
Rod Drive (CRD) makeup, but during hydro testing RHR
and ADHRS are also available. Recirculation can be either
forced or natural, Initial level can be normal when on
forced recirculation, rmsed when on natural circulation, or
the vessel can be full as 1s the case duning hydro testing.
Containment can be open or closed. Suppression Pool
water level can be 18 feet 4 inches, 12 feet 8 inches, or
empty if 170,000 gal of Condensate Storage Tank (CST)
water is available to HPCS  Numerous components can be
out of service for maintenance in POS §, our model
assumes all of train A 1s unavailable due to maintenance in
POS 5. The techniques used in this assessment have made
full use of msights gained during the past 15 vears in firc
risk assessment. This methodology utilized previously
completed internal event fault/event tree models  Thus, the
level of detail of the fire analysis is consistent with the level
of detail of the intermal events analysis

A detailed screening analysis was performed which showed
most plant arcas had a neghgible contnbution to fire
induced core damage frequency. For four fire zones, a
detailed fire propagation analysis was performed  There
were no plant areas which were found to have a
contnbution to core damage frequency of greater than 1 OF-
8/ry.

The fire-induced core damage frequency 1s lower than other
fire risk assessments at power due to a number of factors
First, this plant operational state represents only three
percent of the ime at shutdown and shutdown fire
frequencics are similar to those at power  This provides an
immediate reduction in core damage frequency. Second,
even if active electro-mechanical safety-related equipment
is damaged by fire, an initiating event may not necessarily
occur, For instance, for the loss of TBCW (Turbine
Building Cooling Water) witiator to result from fire- related
damage, multiple operational pumps must fail. These
pumps and their associated cabling have sufficient
separation such that it 1s highly unlikely that a single fire
couid lead to failure of all pumps. Many nitiating events
at shutdown were screened because of physical separation

Vol 3

ES-1

criteria.  Even for the unscreened initiating events, very
few fire zones were found to be applicable because of
physical separation criteria. Also, relative to other plants,
Grand Gulf utilizes more automatic fire protection systems
in critical safety-related areas which in turn reduces the
probability of damage due to a fire  Therefore, taking
credit for physical separation of safety-related functions,
automatic fire protection systems, lower fire initiating event
frequencies, and manual fire suppression most imtating
events at shutdown and many fire zones were screened
from further analysis.

For those remaining wnitators and respective fire zones, a
detailed fire propagation analysis was performe: [t was
found that only in very himited areas could fire danage
result in both the initiating event and other fire-related
failures which were required to lead to core damage. Even
in these situations other random failures (non fire-related)
were also required to lead to core damage. Therefore, when
taking into account reduction in fire frequency due to the
limited area of influence and other random failures which
were required to lead to core damage, all remaining fire
scenanos were found to be less than 1E-08 per reactor year.

In all areas additional random failures of equipment
(damage not related to the fire itself) were required to occur
in order to obtain core damage. Adequate separation of
equipment (and/or) cabling between redundant functions
and the presence of automatic fire suppression systems had
the effect of reducing core damage frequency for those
areas.

NUREG/CR-6143



1. Introduction

1.1 The Grand Gulf Shutdown Fire
Analysis

This report desenibes the shutdown fire nsk analysis for the
Grand Gulf nuclear plant. Although this risk assessment 1s
ntended to be complete, budget and schedule
considerations have dictated the use of past probabilistic
risk assessment (PRA) expenence (Refs 11,1 2), generic
data bases, and other defensible simplifications to the
maximum extent possible

Besides simplhification in terms of cost reduction and
minimization of execution time, the simplified fire risk
assessment described here will also meet the following
additional objectives

a To be consistent with internal event analyses. The
same event trees/fault trees and random, common
maode failure, and testmaintenance data are used

h To be transparent. A standard report format
should enable the reader to reproduce any of the
results

¢ To be realistic Best estimate data and models are

used as much as possible  Important plant specific
failure modes have been analyzed

d To be comparable. The fire analysis 1s directly
comparable with intemal event analyses due to
common generic data, common methodology,
common level of detail, and presentation of
results

1.2 Steps in the Analyses
1.2.1  Plant Walkdown and Data Gathering

T".¢ Grand Gulf shutdown fire analysis began with a plant
visit in June 1991 The imitial visit served as the basis for
the inttial plant information request submittal  Prior to the
first plant visit, the fire analysis team was briefed by the
mternal events systems analyst as to the general character
of safety systems, support systems, system success criteria
and critical interdependencies identified to date

The team consisted of the following personnel

PRA Project Manager - J Lambnght (Sandia National
Laboratories)

Team Leader - J. Lambright

Fire Propagation Analyst - S. Ross (SEA, Inc )

Fire Brigade Analyst - M DiMascio (Solutions
Engineering, Inc.)

Vol 3

During the initial walkdown, team members visited all
areas containing safety or support equipment. The two full
days spent on site were considered adequate for this initial
visit. At the completion of this imitial visit, the following
information had been obtained.

a For each room or compartment containing
essential safety equipment, identification of fire
sources (power cables, pump motors, solvents and
other transient combustibles, etc.) locations of fire
barriers, fire/smoke detectors, separation of cable
trains, etc, and a list of equipment in the room

b Plant layout drawings which formed the basis for
division of the plant into fire areas.

¢ A list of key plant personnel to be contacted later
if specific questions arose

Following the imitial plant visit, a list of drawings and
documentation needed for further study was prepared and
sent to the designated plant contacts.

Subsequent visits to the plant were made by the fire
analysis personnel to conduct cable path tracing and
verification and to set up physical models for the fire
propagation analysis

1.2.2  Fire Risk Assessment Methodology

Based on an update to the nuclear power plant operating
experience in Reference 1.3, 1t has been observed that
typical nuclear power plants will have three to four
significant fires, on average, over their operating lifetime,
Previous probabilistic risk assessments (PRAs) at power
have shown that fires are often a significant contributor to
the overall core damage frequency (Ref 1.4), contributing
anywhere from 7 percent to 50 percent of the total core
damage frequency (considenng contributions from
internal, seismic, flood, fire, and other events)

Because of this potentially significant core damage
contribution, it is important that fires be examined in detail
An overview of the simplified fire PRA methodology,
which is outlined in Reference 1 5, is as follows

A. Initial Plant Visits

Based on the internal event and seismic analyses, the
general location of safety-related vomponents of the
systems of interest is known. The plant visit provides the
analyst with a means of verifying the physical arrangements
i each of these areas  The analyst completes a fire zone
checklist which aids in the screening analysis and in the
quantification of nsk.

NUREG/CR-6143
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Introduction

The second purpose of the initial plant visit is to confirm
with plant personnel that the documentation being used 1s
in fact the best available information and to get clanfication
about any questions that might have arisen in a review of
the documentation.

Also, a thorough review of fire fighting procedures is
conducted. This review 1s performed to determine the
probability of manual suppression in any given length of
time for all critical plant areas. The results of this analysis
are given in Appendix A.

B, Screening

It 15 necessary to seleet those fire locations within the
power plant having the greatest potential for producing
rnisk-dominant accident sequences. The objectives of
location selection are somewhat competing and should be
balanced 1n a meaningful rsk assessment study. The first
ohjective is to maximize the possibility that all important
locations are analyzed, and this leads to the consideration of
a potentially large number of candidate locations. The
second objective 1s to minimize the effort spent in the
quantification of event trees and fault trees for fire locations
that turn out to be unimportant. A proper balance of these
objectives 15 ong that results i an ideal analysis allocation
of resources and efficiency of assessment

The screening analysis is comprised of

| Identification of potentially important fire arcas
Fire areas which have either safety-related
equipment or power and control cables for that
equipment were identified as requinng further
analysis. This group of fire areas is briefly
deseribed in Section 3.2, All eritical safety
components within these fire arcas are given in
Appendix B

2

Screen fire areas for probable fire-induced
mitiating events. Determination of the fire
frequency for all plant locations and determination
of the resulting fire-induced initiating events and
"off-normal” plant states are delineated in Sections
34 and 3.5, respectively

3 Screen fire arcas both on order and frequency of
cut sets, A cut set is defined as a minimal
combination of fire-related and random failures
which lead to core damage

1 Each fire area remaining is numenically evaluated
and culled on frequency. The screening
methodology (Section 3 5) deseribes how
reduction of the initial group of locations from
Section 3.2 to the four remaining which underwent

NUREG/CR-6143
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detailed fire propagation modeling was
accomplished.

C. Final Quantification
After the screening analysis has climinated all but the

probabilistically significant fire areas, quantification of
dominant cut sets is completed as follows:

1 The temperature response in each fire area for
each postulated fire is determined.
2. Fire fragilities are computed. The latest version of

the fire growth code COMPBRN (Ref. 1.6) was
used to caleulate fire propagation and equipment
damage.

3 The probabilities of barner failure for all
remaining combinations of adjacent fire arcas are
assessed. A barmer failure analysis was conducted
for those combinations of two adjacent fire arcas
which, with or without additional random failures,
remained after the screening analysis. The
methodology to assign barmner failure probability
to the fire area combinations is described in
Section 3.7

4 A recovery analysis is performed. In a similar
fashion as in the internal events analysis, recovery
of non-fire related random failures was addressed.
Appropriate modifications to recovery
probabilities were made as described in Section
iR

2. An uncertainty analysis 1s performed to estimate
errot bounds on the computed fire-induced core
damage frequencies. The IRRAS code (Ref 1.7)
1s utilized in the uncertainty analysis as described
in Section 3.9 Since all remaining fire areas were
found to have a core damage frequency
contribution of <1.0E8%, no unccriainty analysis
was performed for this study

In Section 310, a detailed descniption of all fire scenarios
which survived the initial screening process and their
associated fire areas is given. Descriptions of all factors
used in the final quantification of these fire areas are
delincated
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2.1

2. Plant Description

Introduction

The Grand Gulf Nuclear Station has one Boiling Water

Reactor (BWR) of 1250 megawatts (electrical) capacity and

15 housed in a Mark 111 containment.  The plant is operated
by Entergy Incorporated, 15 located in Port Gibson,
Mississippi, and began commercial operation in July 1985

2.1.1

Selection and Characterization of Plant
Operational State (POS) §

This section discusses the POSs at Grand Guif Nuclear
Station and describes the characteristics of POS 5 which
was selected for this analysis. A POS is a plant condition
for which the status of plant systems (operating, standby,
unavailable) can be specified with sufficient accuracy to
maodel subsequent aceident events. A POS is not identical
to a mode or operating condition, but is defined based on
operating conditions. The operating conditions at Grand
Ciulf are defined as follows:

(h

(3)

(4)

OC 1, Power Operation. Mode Switch in Run,
Any Temperature

OC 2, Startup. Mode Switch in Startup/Hot
Standby, Any Temperature

OC 3, Hot Shutdown: Mode Switch in
Shutdown, Temperature Greater than 200°F

0OC 4, Cold Shutdown. Mode Switch in
Shutdown, Temperature 200°F or Lower

OC 5, Refueling: Fuel in Vessel with Head
Detensioned or Removed, Mode Switch in
Shutdown or Refuel, Temperature 140°F or
Lower

The POSs are then defined based upon the operating
conditions stated above as follows

(1)

(3

{4)
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POS 1 conmisting of OC | and OC 2 with
pressure at rated conditions (about 1000 psig)
and thermal power no greater than 15%

POS 2 consisting of  OC 3 from rated pressure
to 500 psig

POS 3 consisting of OC 3 from 300 psig o
where RHR/SDC 15 initiated (about 100 psig)

POS 4 consisting of  OC 3 with the unit on
RHR/SDC
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(5)  POS § consisting of. OC 4 (T = 200 degrees F)
and OC S until the vessel head is off

(6) POS 6 consisting of OC 5 with the head off
and level raised to the steam lines

(7) POS 7 consisting of OC 5 with the head ofT,
the upper pool filled, and the refueling transfer
tube open.

Grand Gulf can be in POS 5 with a variety of conditions
that affect the availability of mitigating equipment should
an accident occur. POS 5 can be entered with decay heat as
high as 0.9% of full power (34 MW), however, after
refueling decay heat will not be higher than 0.16% of full
power (6MW). This is the situation during hydro testing.
For the non-hydro situation the plant state can be with
RHR, or with ADHR 24 hours after shutdown, during
hydro testing, shutdown cooling 1s provided by the
combination of RWCU letdown and Control Rod Drive
(CRD) makeup, but during hydro testing RHR and ADHR
are also available. Recirculation can be either forced or
natural. Initial level can be normal when on forced
recirculation, raised when on natural circulation, or the
vessel can be full as 1s the case during hydro testing
Containment can be open or closed. Suppression Pool
water level can be 18 feet 4 inches, 12 feet 8 inches, or
empty if 170,000 gal of CST water is available to HPCS.
Numerous components can be out of service for
maintenance i POS 5; our mode! assumes all of train A is
unavailable due to maintenance during operation in POS 5.

2.2 Description of Plant Systems

The following sections provide the system descriptions and
systern maodels of the major front line and support systems
identified as important to mitigating the effects of fire-
induced plant transients during POS 5 (Ref 2.1). Event
trees and component fault trees were developed by the
internal events analysts. This study utilizes the same event
trees, fault trees, and accident sequences developed during
the internal events analysis to ensure consistency (Ref. 2 2).
The discussion of the systems that follow include:

a A brief functional description of each system with
reference to the one-line diagrams that were
developed to indicate which components were
included in the model

b Interfaces and dependencies between the frontline
systems and the support systems.
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2.2.1 High Pressure Core Spray System

(HPCS)

In POS § the function of the HPCS system is to provide
coolant makeup to the reactor vessel in order *o iuaintain
proper water level and/or flood the reactor. he HPCS
system consists of a single train with motor- yperated valves
and a motor driven pump. Suction is taken Tom either the
Condensate Storage Tank (CST) or the suporession pool
Injection to the reactor vessel is via a spra' ring mounted
inside the core shroud  The pumnp 1s capable of delivering
$50 gpm against a reactor pressure of 1177 psig and a full
flow of 7115 gpm against a reactor pressure of 200 psig.
The total maximum pump run out flow is 9100 *pm. A
simplified schematic of the HPCS 1s provided vy Figure

2.1 Major system components are represented with valves
shown in their normal standby position

The HPCS system is automatically initiated and controlled
However, operator intervention is required to throttle flow
to prevent the HPCS injection valve from opening and
closing in response to the reactor vessel level. The operator
may also be required to manually start the system, if an
automatic start failure occurs.

The success criterion for the HPCS system is injection of
flow 1o the reactor vessel.

The HPCS system major dependencies are DC control
power for initiating the actuation relay logic and HPCS
pump breaker, AC power for operating the HPCS pump and
valves, and HPCS pump room cooling

2.2.2 Control Rod Drive (CRD) System

The CRD hydraulic system was modeled as a backup
source of high pressure injection

The CRD pumps take suction from the condenser hotwell
makeup/reject line. Makeup to the condenser hotwell 1s
provided by the CST. Excess condensate from the
condenser is rejected 1o the CST by the condensate system
From the condenser hotwell makeup/reject lines, water
flows to the CRD pumps through a pump backwash suction
filter and one of two pump suction filters A simplified
schematic of the CRD system 1s provided by Figure 2.2

The CRD pumps, together, can achieve a flow rate of
approximately 238 gpm with the reactor at 1103 psia. Each
pump is provided with a minimum flow line which
recireulates 20 gpm back to the CST. This mimimum
flow line prevents the pump from operating at shutotl head
where the pump would overheat and possibly be damaged
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Two discharge paths are provided for the CRD pumps. The
first path 1s through the Hydrauliz Control Units' (HCUs)
cooling headers. Flow 1s controlled by one of two air
operated control valves. When instrument air is lost, the
control valves fail "as is”. The second path is through the
HCU charging headers. This path is upstream of the
control valves and fails open on loss of air. However, with
both CRD pumps running and the reactor at nominal
pressure, the second discharge path restricts flow, by means
of an orifice, to approximately 165 gpm. This flow rate is
assumed nsufficient for core cooling and thus no credit 18
taken for this discharge path,

Normally one CRD pump is munning with the suction and
discharge valves to the standby pump being open. Should
the operator be required to realign the CRD system as a
source of early high pressure injeciion, the standby CRD
pump must be placed into operation and one air operated
control valve must be fully opened to achieve sufficient
flow to the reactor vessel,

The CRD success criteria require that both pumps be
running and the HCU cooling header discharge path be
available when CRD is required at the start of the accident
as the only coolant makeup source. However, when
coolant makeup has been provided for a period of time and
then lost, only one CRD pump 1s required

CRD Pump A 1s powered from Division 1 4160 V AC Bus
15 AA with control and actuation power supplied by
Division 1 125 VDC Bus 11 DA CRD Pump B is
powered from Division 2 4160 V AC Bus 16AB with
control and actuation power supphed by Division 2 125 V
DC Bus 11 DB

2.2.3  Suppression Pool Makeup (SPMU)
System

The SPMLUI system provides water from the upper
containment pool to the suppression pool following a
LOCA. Water which gravity flows from the upper
containment pool to the suppression pool is of sufficic-
quantity to keep the uppermost drywell vents covered 10¢
most conceivable accidents.

The SPMU system consists of two lines which penetrate the
side walls in the separator storage area of the upper
containment pool. These lines are routed down to the
suppression pool on either side of the steam tunnel. A
simplified schematic of the SPMU system is provided by
Figure 2.3
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Plant Description

The pool makeup lines each have two normally closed,
motor-operated butterfly valves in series. All motor-
operated valves are powered from onsite emergency power
sources maintaining divisional separation and redundancy

The upper pool is dumped by gravity flow when the valves
recerve a divisionally separate but simultaneous signal to
open. The open signal for each valve division 1s generated
in any of three ways

a By low-low suppression pool level, providing a
LOCA signal has been generated or the
Emergency Core Cooling System (ECCS) has
been manually inttiated. This ensures adequate
water volume in the suppression pool to keep the
suppression pool vents covered for all break sizes

b. By a umer, thirty minutes after a LOCA signal has
been generated. This ensures an adequate long
term heat sink is available regardless of break size

¢ By manual mitiation, provided a LOCA signal is
present or the ECCS has been manually initiated

In addition, in order to actuate cach SPMU valve by any of
the three methods histed above, the mode selector
handswitch for each division must be in AUTO position
and the reactor mode switch must not be in REFUEL
position

The SPMU system requires electrical power for operation
The two redundant SPMU lines are each powered from
separate emergency electrical buses. The Tramn A valves
are powered by emergency AC Division | MCC 15821
while the Train BB valves are po - ed by AC Division 2
MCC 16841, The iitiation log Tramn A and B 1s
powered by 125 V DC Divisions 1 and 2, respectively

2.2.4 Condensate (CDS) System

Credit for the condensate system as a low pressure injection
system 18 taken in this study. The condensate system has
three main condenser units, three condensate pumps, thice
condensate booster pumps, three strings of four low
pressure heaters, a condensate drain tank and associated
valvey, piping, instrumentation, and controls. The
condensate system supplies water to the reactor vessel
through the feedwater startup valve AVS13. A simplified
schematic of the condensate system for use as a low
pressure injection system is shown in Figure 2.4 The
success criteria for the condensate system in POS S 15 one
of three condensate pumps operating with a flow path to the
reactor through the feedwater start-up flow control valve.

The system dependencies for the condensate system as a
low pressure injection system are less demanding than
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during normal plant operation. The systems required to
maintain condenser vacuum are not required since the
condensate system is unaffected by loss of condenser
vacuum. In addition, parts of the condensate system (e g,
the low pressure heaters) are not required to function. The
condensate pumps are powered by non-safety 4.16 kV
buses Power to condensate system motor-operated valves
is also provided by non-safety related buses (480 V). The
instrument air system 1s required to supply air to the
condenser makeup valve and also to open the feedwater
startup valve. Makeup to the condenser is provided by the
condensate and refueling water storage and transfer system.

2.2.5 Low Pressure Core Spray (LPCS)

System

The function of the LPCS Systern 1s to provide coolant to
the reactor vessel duning accidents in which vessel pressure
15 low. The LPCS system is a single train system consisting
of motor-operated and manual valves and a motor-driven
pump. The LPCS pump is rated at 7115 gpm with a
discharge head of 319 psig. The LPCS pump takes water
from the suppression pool through strainers located 10 feet
above the suppression pool floor. A simplified schematic
of the LPCS 15 provided by Figure 2.5,

The LPCS system s automatically mitiated and controlled.
The operator may be required to manually start the system
if an automatic actuation failure occurs.

The success criterion for the LPCS system is injection at
rated flow to the reactor vessel

The LPCS system major dependencies are DC control
power for initiating the actuation relay logic and LPCS
pump breaker, AC power for operating the LPCS pump and
valves, and LPCS pump room cooling

The DC power is provided by Division 1 125 V DC Panel
1E12-JB1. Power for the | PCS pump is provided by
Division 1 4160 V AC Bus 15AA, and power for the valves
18 provided by Division 1 480 V AC MCC 15B11.

2.2.6 Low Pressure Coolant Injection (LPCI)
System

The function of the LPCI system 1s to provide coolant to

the reactor vessel during accidents in which system
pressure is low. The LPCI system is one mode of the RHR
system and, shares components with other modes. The
LPCI system 15 a three train system consisting of motor-
operated valves and motor-driven pumps. The three pumps
are each rated at 7450 gpm. Trains A and B cach have two
heat exchangers in series downstream of the pump. Train C
1s injection dedicated and has no heat exchangers. Cooling

Vol 3
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water flow to the heat exchangers is not required for the
LPClmode A simphfied schematic of the LPCI system 18
provided in Figure 2.6

The LPCI syster 1s automatically inihiated and controlled
However, operator intervention may be required to
manually realign and start the system in POS § since the
individual RHR Trains A and B could be aligned for cither
shutdown cooling or ADHRS, and Train C could be aligned
for ADHRS, Given any of these configurations, the
associated train would not automatically initiate for LPCI
operation

The success eniterion for the LPCI system 1s injection of
flow from any one pump to the reactor vessel

The LPCI system major dependencies are DC control
power for imtisting the actuation relay logic and RHR
pump breakers, AC power for operating the RHR pumps
and valves, RHR pump cooling, and RHR pump room
cooling

The DC power to Train A 1s provided by Division | 125 V
DC, for Trans B and C it is provided by Division 2 125 V
DC. Power for RHR Pump A 18 provided by Division |
4160 V AC Bus 15AA  Power for RHR Pump B and LPCI
Pump C is provided by Division 2 4160 V AC Bus 15ARB
All pumps require pump cooling

2.2.7 Standby Service Water Cross-Tie
(SSWXT) System

The SSW cross-tie system is used to provide a coolant
makeup source to the reactor vesse! during accidents in
which normal sources of emergency injection have failed
The SSW cross-tie system 1s compnised of Train B of the
SSW system and Train B of the LPCI system

The SSW cross-tie systemn uses SSW Pump B to inject
wilter into the reactor via the LPCI system Train B injection
lines. A simplified schematic of the SSW cross-tie system
1s provided in Figure 2.7. Major system components are
shown in their normal standby position with valves shown
The SSW cross-tie system has no automatic actuation The
system must be manually aligned and manually actuated

The dependencies for this system are the same as those for

SSW Train B (Section 2.2 14) and LPCI Train B (Section
226)

2.2.8 Firewater (FW) System
The firewaier system was modeled as a backup source of

low pressure injection as well as a source for automatic
and manual fire suppression. The firewater system is a

Vol 3
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three train system consisting of one motor driven pump and
two diesel-driven pumps. The pumps can each provide
1500 gpm at 125 psig. The pumps feed into a common
header that supplies water to the fire hoses and sprinkler
systerns. The pumps take suction from two 300,000 gallon
water storage tanks. Any pump can take water from either
tank The fire hoses are connected, via an adapter to
vartous test connections in the auxiliary butlding  These
connections feed into vanious injection systems and water
can be injected through the systems' injection valve. Tle
pumps are located in the f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>