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Modular Accident Analysis Program
Motor Control Center

Motor Operated Valve

Main Steam Isolation Signal

Main Steam Isolation Valve

Main Steam Line Break

Main Steam Support Structure
Main Steam Safety Valve

Moderator Temperature Coefficient

Non-class 13.8kV Power system

Non-class 4.16kV Power Distribution system.
Nuclear Cooling Water system

Non-class 1E 480V Load Center

Non-class 1E 480V Motor Control Center
Nuclear Instrumentation . - “

Non-class 1E 125V DC system

Non-class 1E 120V AC Instrument Power system
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NPRDS
NPSH
NRC
NRP
NSAC
NSSS

OA
ORNL

P&ID
PB
PC
P/C
PCN
PCO
PDS
PE

PH
PK
PLCS
PMS
PN
PORV
PPCS
PPS
PRA
PSF
PSRV
PSV
PTRR
PTS
PV

Nuclear Power Reliability Data System
Net Positive Suction Head

Nuclear Regulatory Commission
Non-Recovery Probability

Nuclear Safety Analysis Center
Nuclear Steam Supply System

Nuclear Utilities Service

Operator Action
Oak Ridge National Laboratory

Piping and Instrumentation Diagram
Class 1E 4.16kV AC Power System

Spent Fuel Pool Cleaning and Cleanup System

Planner/Coordinator

Plant Change Request

Permissive Controller Output

Plant Damage State

Class 1E Standby Generation system

Class 1E 480V Power Switchgear system

Class 1E 480V AC Power system
Class 1E 125V DC Power system
Pressurizer Level Control System

]

Plant Monitoring System

Class 1E 120V AC Instrument Power system

Power Operated Relief Valve
Pressurizer Pressure Control System
Plant Protection System
Probabilistic Risk Assessment
Performance Shaping Factor
Primary Safety Relief Valve
Pressurizer Safety Valve

Post Trip Review Report
Pressurized Thermal Shock

Pressurizer Vent
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PVNGS
PW
PWR
PZR

RC
RCP
RCS

RMWT
RO
RPCB
RPCS
RPS
RRS
RS
RSP
RSS
RTB
RV
RWT .

SA
SBCS
SBO
SC
SCN
SCR
SDC
SDCHX
SEAS
SER

Palo Verde Nuclear Generating Station
Plant Cooling Water system
Pressurized Water Reactor

Pressurizer

Quick Open demand

Recirculation Actuation Signal
Reactor Coolant system
Reactor Coolant Pump
Reactor Coolant System
Reactor Drain Tank

Reactor Makeup Water Tank
Reactor Operator

Reactor Power Cutback
Reactor Power Cutback System
Reactor Protection System
Reactor Regulating System
Responsible Supervisor

.Remote Shutdown Panel

Reactor Safety Study
Reactor Trip Breaker
Reactor Vessel

Refueliig Water Tank™* *

Standard Addendum

Steam Bypass Control System
Station Blackout

Secondary Chemical Control system -
Specification Change Notice
Silicon-Controlled Rectifier
Shutdown Cooling '
Shutdown Cooling Heat Exchanger
Safety Equipment Actuation System
Safety Evaluation Report ‘
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F SETS Set Equation Transformation System
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l' SG Steam Generator
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| SGTR Steam Generator Tube Rupture
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1 SIT Safety Injection Tank
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’ T
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Updated Final Safety Analysis Report
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Variable Over-Power Trip
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SECTION 1

Introduction

This document reports the results of the Probabilistic Risk Assessment (PRA)
study performed by Arizona Public Service (APS) for the Palo Verde Nuclear
Generating Station (PVNGS). The purpose of the PRA was threefold: (1) to
develop a team of APS engincers who can use the PRA expertise to support
continued safe operation of PVNGS, (2) to provide a living plant model for usc by
APS cngincers to cvaluate issues related to plant safety, configuration and
compliance, and (3) to mcet the U. S. Nuclear Regulatory Commission (NRC)
requircments for an Individual Plant Examination (IPE) as outlined in Generic
Letter (GL) 88-20 (NRC, 1988) and Supplcment No. 1.

The study was pcrforﬁicd by a project team consisting of pérsonncl from APS,
Halliburton NUS Corporation, and Bechtel Power Company at the APS offices.
APS personnel performed over seventy percent of the tasks.

The PVNGS PRA is a full scope Level 2 PRA without the evaluation of external
cvents. Internal Flooding was cvaluated as a part of this study to fulfill the
requirements of GL 88-20. NUREG-2300, “PRA Procedures Guide” was used as
guidance in developing the PRA.While the detailed scope can be appreciated only
from the detailed discussion included in later Scctions; the scope of this study can
be summarized as follows:

1. Analysis of a full complement of intemal initiating cvents, including support
system failures and intecrnal flooding. Both Generic and plant-specific
initiators have been considered. Fault treec models were developed and
quantificd for certain support systems initiators. IDCOR IPEM screcning
process was uscd for the internal flooding cvaluation.
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Introduction

2. Plant-specific event tree and fault tree modcls of the mitigating systems .

nceded to maintain Critical Safety Functions were developed.

3. A plant-specific Containment Event Tree (CET) was developed and
quantificd. Input to the CET was bascd on the plant-specific Modular
Accident Analysis Program (MAAP), computer simulation results and
NUREG-1150. Ultimate containment failure pressure, failure mode, and
location were determined using two-dimensional ANSIS program simulation.

4. Plant-specific failure data was used for critical components such as Auxiliary
Feedwater pumps and Emergency Dicsel Generators. Bayesian updates were
performed for these components. Generic failure data were used for the other
components.

5. Plant-specific maintenance unavailabilitics were used for safety-related
pumps, motor-operated valves and 4160V breakers. Operational data
between 1988 and 1989 were used for this purpose. Generic maintenance
unavailabilities were used for the other components.

6. Corc damage accident scquences and Plant Damage States were quantified
using SETS program. The dominant cutscts were processed and analyzed
using the CAFTA code. Containment Event Tree was quantified using
NUCAP+ computer program to produce source term frequencies. The MAAP
code was used to determine source term characteristics for the dominant
source term bins.

7. Realistic assessments were made of the récovcry actions that might be taken
to prevent loss of Critical Safety Functions which leads to severe core{
damage.

8. Asscssment of sensitivity and uncertainty. Sensitivity evaluation included
cquipment failures, human ecrrors, and on-linc maintenance effects.
Uncertaintics were propagated for dominant cutsets using TEMAC computer
program.

Two significant scenarios identified were determined by APS to be of major
significance and immediate actions were taken to minimize the likelihood of these
accident initiators and the consequences. The scenarios deal with loss of Class 1E
DC power and were significant because of resulting multiple dependent failures.
Compensatory measures were developed and implemented prior to installation of
permancnt design changes. The design changes-are discussed in Sections 2 and 9
of this report. Once the expedited design changes were finalized, the Level 1 Core
Damage model was revised and re-quantified. A factor of 10 reduction in Core
Damage Frequency (CDF) was achicved with these modifications (from 1.0E-3 to
9.0E-5 per reactor ycar). Total modification cost per unit is about $333,000.

This report presents the post-modification analysis.

Submittal of this rcport fulfills the reporting requirements of GL 88-20.
Development and application of PRA for PVNGS to datc have demonstrated that
PRA is an cffective tool to support managemicent decision making. Continued usage
in the future is expected.

Rev. 0 4/7//92

1.0 Introduction 1.2

S



SECTION 2

Summary of Results and
Conclusions

Generic Letter 88-20, issued November 23, 1988, requested nuclear utilities to
perform an Individual Plant Examination to identify severe accident vulnerabilitics
to satisfy the following objectives:

a) Develop an appreciation of severe accident behavior
b) Understand the most likely severe accident scquences that could occur

¢) Gain amore quantitative understanding of the overall probabilities of core
damage and fission product releases

" d)*"If nccessary, reduce the ovérall probabilitiés’of coré damage and fission
product releases by modifying, where appropriate, hardware and
procedures that would help prevent or mitigate severe accidents.

Satisfying these objectives is expected to help achieve the goals of the Nuclear
Regulatory Commission (NRC) Safety Goal Policy Statement.

It is the NRC’s expectation that utility staff would participate to the maximum
extent possible in the examination, as well as an independent in-house review of
the PRA process and the results, in order to gain the greatest benefit from the
analysis.

Arizona Public Service Company (ARS) enginecring and operations staff have
been involved in all phases of the Probabilistic Risk Assessment (PRA) process.
The PRA Modcl was developed and quantified principally by utility staff with
minimal contractor support. Contractor support was utilized to provide guidance in
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applying the PRA methodology, plant damage state determination, and
Containment performance analysis. Technology transfer to the utility Reliability
and Risk Assessment Group staff has occurred wherever contractor support was
used. '

APS started the PRA Model for the Palo Verde Nuclear Generating Station
(PVNGS) in 1986, well before any requirement was issued by the NRC, for use as
a tool in assessing risk-related issues. The Reliability and Risk Assessment Group
has grown from three engineers to nine, including two who have held Senior
Operator licenses from the NRC. Over the last six years, PRA has been used at
Palo Verde for a number of applications, including:

a) Evaluating and prioritizing design changes

b) Evaluating compliance issues, including Justifications for Continued .
Operation and Technical Specification waivers of compliance

c) Identifying important safety systems to enhance their reliability through
risk-based preventive maintenance and sectting safety system performance
goals :

d) Supporting upgrade of Emergency Operating Procedures

¢) Supporting Emergency Planning in scenario development and emergency
response

B
l'!

f) Performing qualitative shutdown risk evaluations.

Several future applications of risk analysis arc planned:

a) Expand the scope of shutdown risk evaluations from the current
qualitative approach to one more comprehensive, incorporating lessons
leamed from part outages and expected NRC-developed insights

b) Support Quality Assurance risk-focused inspection program development
¢) Provide risk insights to licensed operator training

* d) ' Fiilfill réquirenients of Generic Létier 88-20,. Supplenient 4, IPE for
External Events.

The PRA Model has been fully integrated into day-to-day operation of PVNGS
and will continue to be an important factor in decision-making.

A preliminary result from the PRA Model analysis was obtained in mid-1990. It
showed an annual Core Damage Frequency (CDF) of approximately 1.0E-3 per
reactor-year. Two transicnt initiators were responsible for over 70% of the total
CDF, namely Loss of HVAC (space cooling) to the Train A DC equipment rooms,
which contain Class 1E battery chargers, DC power distribution equipment, vital
AC inverters, and distribution panels; and Loss of Class 1E Channel A DC Power.
No other single initiator contributed more that 6% to total CDE Through an
itcration process with design engineering, four cost-cffective plant modifications
were conceived, which would not only greatly reduce the importance of those
initiating events, but also enhancé the plant’s ability to supply feedwater to the
stcam generators. Scction 9.3 discuses the plant modifications in detail. Bricfly, the
changes are:
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Summary of Results and Conclusions

1. Change the source of power for the Main Steam and Feedwater Isolation
Valve Logic Cabinets

2. Change the loss of power failure mode of the Train A Steam Generator
Downcomer Containment Isolation Valves to fail-open

3. Provide a backup source of control power for the Train N auxiliary feedwater
pump circuit breaker

4. Install temperature detectors in the DC Equipment Rooms, with an alarm in
the Control Room.

Change 4 has been installed on all three Palo Verde units. All four changes will
have been installed in Unit 1 by the end of its Spring 1992 refueling outage. The
three remaining changes will be installed in Unit 3 by the end of its third refucling
outage (Fall 1992). Unit 2 has received three of the four changes. Change 3 will be
installed during the next refueling outage (Spring 1993).

The PRA Model has been updated to include the four plant changes. Other model
refinements were also made at the same time. Re-quantification was completed in
February 1992. Total CDF for internal events is now 9.0E-5 per reactor ycar, a 91%
reduction.

Relative contribution to total CDF from the various initiating events is now much
more evenly distributed (See Figure 9.1-1). No single initiator accounts for more
than 21% of total CDF. Station Blackout is the single largest contributor at 21%,
followed by Loss of Off-Site Power and Miscellaneous Reactor Trips at 18% cach,
Loss of Turbine or Plant Cooling Water (non-class component and service water)
at 8%, and Loss of Instrument Air at 6%. Other initiators were less than 5% each,
including Small Loss of Coolant Accidents, Anticipated Transients Without
Scram, and Stecam Gencrator Tube Rupture. Station Blackout, although very
unlikely, is an important risk contributor due to its severe impact on the plant’s
ability to remove decay heat and to maintain scal injection and/or cooling to the

‘reactor coolant pump (RCP) shaft seals to prevent loss of coolant. Loss of Off-site

Power is considerably more likely than Station Blackout, but has a lesser impact on
options available.for-decay-heat-removal and for maintaining RCP seal injection/
cooling. These two important risk contributors will be reduced substantially by the
installation of two gas-turbine gencrators on-site. This Alternate AC Power supply
is to be installed to satisfy the NRC’s Station Blackout coping rules. Although the
alternate AC power source has not been incorporated into the PRA model, it was
credited in the sensitivity analysis for Unresolved Safety Issue A-45, Decay Heat
Removal.

Miscellaneous Reactor Trip, by definition, has no impact on the plant’s ability to
mitigate the resulting transient. However, it is still an important risk contributor
because of its high frequency. PVNGS has an aggressive trip reduction program.
Its purpose is to identify components whose failurc could lead to reactor trip, as
well as personnel practices that might result in a reactor trip, and to implement
appropriate changes to procedures or the physical plant. This same program should
also reduce the likelihood of a trip duc to several other initiators, such as Turbine
Trip, Loss of Turbine or Plant Cooling Watcr, Loss of Instrument Air and Loss of
Nuclear Cooling Water. Loss of these non-safety related systems impacts the
plant’s ability to mitigate the resulting transicnt by making unavailable certain
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normally operating equipment, thereby placing higher dependence on the standby
safety systems. For example, loss of Nuclear Cooling Water or Instrument Air
causes loss of normal heating, ventilating and air conditioning (HVAC), which
would otherwise continue to provide cooling to the Control Room and ESF
switchgear and DC equipment rooms.

Intenal flooding at PVNGS was evaluated using a screening approach described in
Appendix D of the IDCOR Technical Report (Reference 9.4.1). No vulnerabilities
due to intemnal flooding were identified.

Two Unresolved Safety Issucs (USI) are addressed in this report: A-17, System
Interactions, and A-45, Decay Heat Removal. )

USI A-17 was resolved in Generic Letter 89-18 by referring the intemal flooding
issue to IPE. This issuc has been addressed in Section 13.2. It was concluded that
no vulnerabilitics exist in that arca.

USI A-45 is addressed in Section 13.1. It was concluded that no vulnerabilities
exist at PVNGS. The addition of Pressurizer Power Operated Relief Valves
(PORVs) to PVNGS cannot be justified from a risk reduction perspective given
installation of the gas turbine generators.

The Palo Verde Containment Building and associated equipment are robust with
respect to the challenge presented by severe accidents. An independent
Containment structural calculation was performed and reveals that the median
failure pressure of the Palo Verde Containment is 169 psig. Because of the high
assessed strength of the Palo Verde Containment and the reliability of the ESFs,
Level 2 results show that radioactive source terms for 72% of core melt sequences
are retained in Containment. Early Containment failure (10%), latc Containment
failure (8%), Containment basemat melt-through (6%), and Containment bypass
(4%) result from the remaining accident sequences (sec Figure 11.7-2). The
dominant contributor to early Containment failure is slow over-pressurization duc
toa LOCA" with loss of Containment heat removal ¢apability during Containment
sump recirculation.

The major contributor to large radionuclide relcase at PVNGS results from
Containment bypass sequences, particularly SGTRs. For non-bypass sequences,
carly release source term is smaller. This can be attributed to reactor cavity
configuration, and availability of sprays for scrubbing.

APS will continue to evaluate Accident ﬁiaﬁagemem Strategies to further reduce
the probability of the most likely Containment failures.

The IPE at PVNGS identified several design improvements, which significantly

. improve the calculated core damage risk. This was primarily due to unexpected

intersystem dependencies, which were not precluded during the design and
construction of the facility. With the improvements implemented, good train
scparation, highly compartmentalized spaces, a highly reliable electrical
transmission system in the Southwestern United States, and having dedicated,
standby ESF systems all contribute to the overall level of safety at PVNGS.
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2.1

In conclusion, no vulnerabilities to core damage, nor to Containment effectiveness
now exist at Palo Verde. Consistent with NUMARC'’s severe accident closure
guidelines for accident sequences whose CDF is greater than 1E-4 per reactor year,
cost-effective plant changes were developed, which accomplished an order of
magnitude reduction in the calculated CDFE. Additional planned improvements,
continued vigilance in trip reduction efforts, and use of the PRA model to support
decision making will contribute to an even greater level of safety in the future.
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SECTION 3

Plant and Site Description

3.1 Introduction

‘The Palo Verde Nuclear Generating Station (PVNGS) is comprised of three

virtually identical nuclear units, cach a Combustion Engincering System 80™
(C-E System 80™) Pressurized Water Reactor (PWR) Nuclear Stcam Supply
System (NSSS) design. Palo Verde 1 (typical of the three units), as shown in Figure
3.1-1, includes Reactor Containment, Turbine, Auxiliary, Fuel, Radwaste, Control/
Corridor, Diesel Generator and Operations Support buildings (a Radioactive Waste
Laundry facility is included only in Unit 1). PVNGS plant systems and
componcnts.arc.primarily-remotely-operated.from the Main-Control'Room,
located at the 140-foot elevation of the Control Building. In the’event of Control
Room uninhabitability, plant shutdown may be accomplished/monitored from the
Remote Shutdown Panels (RSPs), located at the 100-foot clevation of the Control
Building. <

- Operating at full power, cach unit produces 3817 MWt, for a nominal net output of

1270 MWe. The NSSS was designed and manufactured by Combustion
Engincering,.while the turbine-generator was-manufactured by Gencral Electric
Company. The engineering and construction of PVNGS was contracted to Bechtel
Power Corporation in 1973. PVNGS Units 1, 2, and 3 were declared commercial
on January 28, 1986, Scptember 19, 1986, and January 8, 1988, respectively.
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Plant Surroundings

3.2

General Plant Site Description

321

33

PVNGS is located in Maricopa County in mid-southwestem Arizona. The site is
approximately 34 miles west of the nearest boundary of the City of Phoenix.
PVNGS is located in a very sparsely populated arca; the closest population center
of more than 25,000 is Sun City, Arizona, which'is located approximately 34 miles
cast/northeast of the PYNGS site. -

Buckeye Salome Road is located to the north of the site and runs northwest to
southeast. Wintersburg Road, a paved county road, runs north to south along the
west site boundary. A Southemn Pacific Railroad line runs southeast to northwest,
five miles south of the power plant complex.

Plant Surroundings

. Topographical and metcorological characteristics of the site play an important role

in determining conscquential release of radioactive materials, Atmospheric and
topographical conditions affect dispersion, transport, and diffusion of radioactive
particulates. These factors ultimately affect human exposure rates.

PVNGS is located six miles west of the Gila River and Salt River base. The general
site surrounding area consists of a broad desert basin, surrounded by a scries of
intermittent hills (buttes). Relief of the Palo Verde Hills is relatively low (250-foot
maximum). The basm arca clevation averages about 950-foot, and adjacent hills
rise to about 1200-foot clevation. The hills located about five miles northwest of
the site arca are the most rugged in the vicinity, and the highest ridges reach
approximately the 2100-foot clevation, The basin floor slopes very gently (28-feet
per mile) to the south. The basin floor is intersected by a number of ephemeral
strcam channels that converge and flow toward the Gila River, located about ten
miles to the south.

General Plant Descriptions:wc.ccnie 2 e -

33.1

Reactor and Reactor Coolant System
The C-E System 80™ NSSS design is shown, in simplificd form, in Figure 3.3-1.

The C-E design contains two independent primary coolant loops. Each Reactor .

Coolant System (RCS) loop consists of a 42-inch.ID.reactor vesscl outlet (hot-leg) .
pipe, a U-tube Stecam Generator.(SG), two.Reactor Coolant Pumps (RCPs), and
two 30-inch ID reactor vessel inlet (cold-leg) pxpcs The RCS:contains no loop
isolation valves. An electrically-hcated pressurizer, provided with four code safety
valves, is connected to primary loop one hot-leg. The Shutdown Cooling System
(SDC) takes suction from cach of the two RCS hot-legs, and injects water into the
four RCS cold-legs. Per RCS Design Criteria, the arrangement of the RCS must
provide sufficient natural circulation (approximately 2% of normal full-power
flow) to permit residual.heat removal. following a complete loss of flow (from
maximum power) as a‘result of a Station.Blackout (SBO) event.-This criteria
precludes the possibility of exceeding fuel design limits, system design pressures,
and system design temperatures.
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Reactor and Reactor Coolant System

The NSSS primary system is enclosed within a single Containment system (large,
dry PWR type), consisting of a stecl-lined, post-tensioned concrete cylindrical
structure with a hemispherical dome. Secondary system lines penetrate the
Containment building at the Main Steam Support Structure (MSSS) building wall.
SDC, Safety Injection (SI) System, and primary Chemical and Volume Control
System (CVCS) lines penetrate the Containment building at the Auxiliary
Building wall. A dectailed description of the Containment structure (including
reactor cavity characteristics) is contained in Section 11.1,

The reactor core is fucled with sintered uranium dioxide (UO,) pellets, enclosed
within zircaloy tubes. The tubes (fuel pins) are fabricated into 16 x 16 array fuel
assemblies. Stainless steel fuel assembly end-fittings limit axial motion of the fucl
pins, and intemal fuel spacer grids limit lateral motion of the tubcs.

The Control Element Assemblies (CEAs) consist of NiCrFe alloy clad boron-
carbide (B4C) absorber rods. The CEAs are guided by tubes located within the fuel
assemblics. The reactor core contains 89 CEAs. The two shutdown control CEA
groups and five regulating control CEA groups are composed of 48 full-length, 12-
fingered assemblies, and 28 full-length, four-fingered assemblies. The two power
shaping CEA groups arc composcd of 13 part-length, four-fingered assemblies.

The reactor core provides a thermal output of 3800 MWt, resulting in an NSSS
total thermal output of 3817 MW! (approximately 17 MWt is attributed to RCP
opecration).

The principal design bascs for the reactor intemals arc to provide reactor vertical
support and horizontal restraint during all normal operating, upset, and faulted
conditions. The reactor vessel is a carbon-molybdenum pressure vessel, lined with
1/8-inch stainless steel. Reactor Vessel Internal Structures (shown in Figure 3.3-2)
include the core support barrel, the core shroud, the Upper Guide Structure (UGS)
assembly, the Lower Support Structure-(LSS), and the In-Core Instrumentation
(ICI) nozzle assembly. The corc support barrel is a right circular cylinder
supported from above by a ring flange which is suspended from a ledge on the
reactor vessel wall, The rmg flange transfers the entirc weight of the core to the
core support barrel. Thé core shroud surrounds the sides of the core, minimizing
the amount of coolant bypass flow (limited to 3% core total flow). The UGS
consists of two sub-assemblics, the UGS Support Barrel sub-assembly and the
CEA Shroud sub-asscmbly, which are joined together by tie-rods. The UGS
assembly provides a flow shroud for the CEAs, and limits upward motion of the
fucl assemblics during pressure transients. The LSS consists of a welded grid
structure, which is suspended from the bottom of the core:support barrel. This
assembly directs coolant flow through the reactor core, provides for fuel assembly
alignment, and provides a guide-path for the ICIs.

Four clectric, motor-driven, single-stage, centrifugal pumps circulate coolant
through the primary system. Reactor coolant (at approximately 564.5° F and 2250
psia) enters near the mid-plane of the reactor vessel, above the active core region,

"It then flows downward between the’reactor vessel and the core support barrel.

Coolant flows upward through the core (average core exit coolant temperature is
624° F), and exits the reactor vessel (at approxlmately 621° F). The discharged
coolant then proceeds to the SGs.
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Yo Plant Systems

3.3.2

3.3.2.1

The two SGs receive heat, which is gencrated by the reactor core, and carried by
the primary coolant. The SGs transfer heat from the primary to the secondary side,
producing stcam, which drives the turbine-gencrator. Each SG is a vertical,
inverted, U-tube heat exchanger with an integral economizer. The SGs operate
with primary coolant on the tube side, and seccondary coolant on the shell side.
Each SG is provided with feedwater from the Main Feedwater (FW) system. Upon
loss of FW (the PRA conservatively assumes that this occurs at a maximum of 30
minutes post-trip), SG makeup is provided by the Auxiliary Feedwater (AF)
system. ’

Each SG is designed to transfer heat from the RCS to the secondary system' to
produce saturated stcam. Hot reactor coolant from the reactor vessel enters the SG
through the inlet nozzle in the primary head. From here, it flows through the U-
tubes, where it transfers heat to the secondary coolant, and then flows to the outlet
side of the primary head. The flow then discharges through two primary head
outlet nozzles.

After passing through the turbine, condensate is collected in the Main Condenser.
The Circulating Water (CW) system transfers heat from the condensate to
atmosphere via the cooling towers.

Plant Systems

The following scctions provide a brief description of PVNGS systems modcled in
thc PRA. A summary of plant safety systems and related safety functions is
provided in Table 3.3-1. A complete systiem dependency matrix is provided in
Scction 5. Complete system descriptions, including associated assumptions and
sysicm modcling methodology for cach one shown, arc included in Scction 5.2.

Safety Systems

Engincered Safety Features (ESF) function in the cvent of a transient or accident to
prevent a fission product release. These safeguards localize, mitigate, and
terminate such accidents to maintain exposure levels below 10CFR100 criteria.

PIE ST S} 7. e

The SI system includes two 100% capacity trains each of High Pressure Safety
Injection (HPSI), Low Pressure Safety Injection (LPSI), and SDC heat exchangers
(SDCHX), as well as associated valves and instrumentation. This system also
includes four Safety Injection Tanks (SITs), one on each RCS cold-leg.

In the event of a LOCA and certain other transient cvents, self-cooled SI pumps
inject borated water into the RCS. As the HPSI 'system shut-off head (1800 psig) is
lower than normal RCS opcrating pressure (2250 psia), HPSI injection will only
occur after primary system pressure is reduced below HPSI shut-off head.

The SI system provides cooling to limit core damage and fission product release
while maintaining adequate shutdown margin. The SI system also provides
continuous, long-term, post-accident core cooling by recirculating borated water
from the containment sump. The HPSI and LPSI pumps are contained in separate
cubicles located at the 40-foot clevation of the Auxiliary Building. The HPSI, and
LPSI systems share suction headers from the Refucling Water Tank (RWT) in the
CVCS, suction lines from the containment sump, and RCS injection lines.
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3.3.2.2

The Containment Spray System (CSS) includes two 100% capacity trains, which
usc the RWT, the containment sump, two sclf-cooled pumps (located at the 40-foot
clevation of the Auxiliary Building), two heat exchangers (located at the 70-foot
clevation of the Auxiliary Building), and two independent containment spray
headers. The spray nozzles disperse coolant into the containment atmosphere.
When the coolant spray reaches the containment floor, it drains to the containment
sump where it remains until the recirculation mode begins.

The containment hydrogen control system, although not designed for scvere
accident hydrogen control, is used to prevent the concentration of hydrogen in the
containment from reaching 4% (by volume) following a Design Basis LOCA. The
system is comprised of two 100% capacity, independent, parallel loops. Each loop
contains a hydrogen recombiner capable of maintaining the containment hydrogen
concentration below 3.5% (by volume), assuming design basis cladding oxidation.
The hydrogen purge sub-system serves as backup to the hydrogen recombiners.

The AF system maintains watcr in the SGs during cmergency operations when the
FW system is unavailable. The self-cooled AF pumps also provide feedwater
during plant start-up, normal shutdown, and hot standby modes. The major AF
components include one class-powered, Scismic Category I, motor-driven pump,
onc class-powered, Scismic Category I, turbine-driven pump, and one non-class-
powered, non-Seismic Category I, motor-driven pump. Steam supply to the
turbine-driven pump is provided from two main steam conncctions upstream of the
Main Stecam Isolation Valves (MSIVs). The two class pumps are located in
scparatc compartments at the 70-foot clevation of the MSSS, while the non-class
pump is located at the 100-foot elevation of the Turbine Building.

The steam relief systems, associated with the four main steam lines (two per SG),
include cight Turbinc Bypass Valves (TBVs), two Atmospheric Dump Valves
(ADVs) per SG (a total of four ADVs), and tecn Main Stcam Safety Valves
(MSSVs) per SG (a total of 20 MSSVs). The TBVs, located downstream of the
MSI1Vs, provide the preferred means of removing sccondary steam. These valves
arc operated automatically by the Steam Bypass Control System (SBCS) to
prevent.lifting-of:the-sccondary'safety valves following a turbine trip. The TBVs
may also be manually-operated from the control room. Six of the TBVs discharge
to the Main Condenser, and will not open to inadequate condenser vacuum. The
two remaining TBVs relicve dircctly to atmosphere outside the Turbine Building.
If the TBVs or the Main Condenser are unavailable, sccondary stcam may be
removed via remote-manual operation of the ADVs from the Control Room
(although the ADVs are provided with block isolation valves, no credit was taken
for isolation on ADYV failure-to-close). The MSSVs will relieve secondary stcam
pressure in the unlikely event that the TBVs and the ADVs are simultancously
unavailable. The MSSVs open automatically when secondary system pressure
reaches the MSSV setpoint; however, with both the TBVs and the ADVs
unavailable, it is not possible to bring the plant to SDC entry conditions.

Support Systems . v

The Essential Chilled Water (EC) systcm consists of two redundant, independent,
100% capacity, closed-loop systems. The EC system supplies, chilled water to
essential HVAC units, which cool certain areas within the Control, Auxiliary, and
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}‘/ISSS bﬁildings. Each EC syétem includes a chilled water refrigeration unit
(chiller), a chilled water circulating pump, and associated valves, instrumentation,
and piping.

The Essential Cooling Water (EW) system consists of two rcdundant, Seismic
Category I trains. This system acts as a “buffer’” between potentially contaminated
components and the Essential Spray Pond (SP). The EW system supplics
corrosion-inhibited cooling water to certain plant components required for normal
plant operation, and for emergency shutdown. Following a Safety Injection
Actuation Signal (SIAS), the EW system supplies cooling water to the SDCHXs
and EC system chillers.

The SP system provides the plant “ultimate heat sink.” The SP system is a Seismic
Category I system, which includes two separate, independent, and redundant
trains. Each SP train supplics cooling water to the associated EW heat exchanger,
and to Dicsel Generator jacket water, Jube oil, fucl oil, and air intercoolers. The SP
system is actuated each time an Emergency Diesel Generator (EDG) is started,
and/or whenever EW operation is required. The SP system (both ponds operating
together) can provide adequate cooling for 27 days, without requiring makcup
walcr.

The charging system is a sub-system of the CVCS. Charging system flow is
provided by three redundant, positive-displacement charging pumps. The pumps
take suction from the Volume Control Tank (VCT) during normal operations or the
RWT, via the Boric Acid Makcup (BAM) Pumps, on Lo-Lo VCT level. Charging
suction flow may also be-established via gravity-feed from the RWT upon
subscquent loss of BAM pumps. This system supplies water to the RCP scal
injection system, and controls RCP scal blecd-off. In addition, the charging pumps
also supply water to the auxiliary pressurizer spray system, and supply borated
water to the RCS during an Anticipated Transient Without SCRAM (ATWS)
cvent.

The Instrument Air (IA) system consists of three, identical, parallel trains. Major
components-in each train include an intake filter,"air'compressof;, aftercoolef, and
an air recciver. The IA system provides a continuous supply of filtcred, dry, oil-
free, compressed air for pneumatic instrument operation, and control of pncumatic
valve/damper actuators. The Scrvice Gas (GA) system provides short-term, low-
pressure nitrogen backup to the 1A system.

The Control Building HVAC (HJ) system provides room cooling to the 100-foot
clevation of the Control Building, including the ESF switchgear, DC equipment,
and battery rooms, to maintain operability of cquipment contained in these rooms
during normal and emergency conditions. The Control Building “normal” HVAC
systems serve both ESF switchgear room divisions, while scparate “essential”
HVAC systems are provided for cach of the divisions. In addition, the Class DC
equipment room divisions are provided with separate “essential” HVAC units.

The Control Room HVAC system provides cooling to the 140-foot elevation of the
Auxiliary Building, to maintain personnel occupancy conditions, and cquipment

~~ operating conditions in the Control Room and habitability arca during normal and

emergency conditions. The Control Room HVAC systém consists of a “normal”
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33.2.3

Air Handling Unit (AHU), and two trains of 100%-capacity “csscntial” AHU. All
Control Room AHUs arc located at the 74-foot clevation of the Control Building.
During certain plant emergencics, this system isolates the Control Room to prevent
entry of smoke, gas, or contamination.

The ESF system AC clectrical loads belong to one of two independent and
redundant load groups. Each Class 1E power system consists of one 4.16kV AC
bus, three 480V AC load centers, and four 480V AC Motor Control Centers
(MCCs). Power to the Class 1E 4.16kV AC switchgear (PBA-S03 and PBB-S04)
is normally provided directly from the preferred (off-site) power system. Thus, no
dependency on Fast Bus Transfer (FBT) exists following a turbine-gencrator trip.
Standby AC power'is provided by two EDGs, cach dcdicated to a single load

group.

Class 1E DC power is provided by four independent Class 1E 125V DC channels.
Each channel consists of a battery charger, battery, and DC control center. The four
Class battery channels are located in separate cubicles on the 100-foot elevation of
the Control Building, while the Class DC cquipment for cach channel is located in®
a scparate cubicle adjacent to its associated class battery room. Each DC channel
also provides power to one channel of 120V AC vital instrument power via an
inverter (also located in the associated Class 1E DC cquipment room). Together,
the Class 1E 125V DC, and the 120V AC power systems provide power to the
Engincered Safcty Features Actuation System (ESFAS) and the Reactor Protection
System (RPS), along with vital instrument and control power, and sclected DC
motor loads. Non-vital DC is supplicd by two non-class' 1E 125V DC systems
located in the non-class switchgear building adjacent to the 100-foot elevation of
the Turbine Building. Non-vital AC instrument and control power is supplicd by
voltage rcgulators powered from non-class 1E MCCs.

Instrumentatlon and Control
Automatic protection and control systems arc provided to assure safe plant

.operation. PVNGS consists of two systems:

12 the'Plant Protection System (PPS) Which contains the RPS dnd ESFAS T
2. the Supplementary Protection System (SPS)

The RPS sub-system initiates a reactor trip (when the two out of four logic for trip
setpoints is excecded) when the reactor approaches prescribed safety limits. These
includé maximum Local Power Density (LPD) at 21 kW/ft, low Departure from
Nuclcate Boiling Ratio (DNBR) at 1,24, and pressurizer pressure at 2750 psia.
Reactor trips include Variable Ovcrpowcr Trip (VOPT), High Logarithmic Power
Level Trip, High LPD; Low DNBR, High/Low Pressurizer Pressure,:High/Low
SG Level, Low SG Pressure, High Containment Pressure, and SG Low Flow”
(primary-side). When an RPS actuation sctpoint is excecded, power to the Control
Element Drive Mechanisms (CEDMS) is interrupted, releasing the CEAs, which
drop into the core to accomplish reactor shutdown. Sufficient redundancy is
installed to permit removal of any one protection system channel from service
wllthout precluding protective action when required.

The Core Protection Calculators (CPCs) »'are'dcsigncd to initiate a reactor trip
signal to the RPS on low DNBR and high LPD to assure that the specificd
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acceptable fucl design limits are not exceeded during Anticipated Operational
Occurrences (AQOs). In addition, the CPCs initiate automatic reactor protective
action during certain accident condmons to aid the ESFAS in limiting the
conscquences of the accident.

The SPS sub-system augments the RPS system by initiating indcpendent reactor

-trip signals. The SPS provides a diverse method of tripping the reactor on high

pressurizer pressure if the RPS fails to function. The SPS uses sclective logic (two
of four) to interrupt the CEDM power supply, causing the CEAs to drop into the
core. The SPS provides a separate, diverse reactor trip system for ATWS pressure
transicnt mitigation. Although SPS and RPS act on the same reactor trip breakers,
the SPS uses separate contacts to de-energize the trip breaker undervoltage coils,
and to cnergize the trip coils.

The ESFAS system operates to automatically actuate ESF systems. The ESFAS
system is completely independent of plant control systems and, like RPS/SPS, uses
two of four actuation logic. An ESFAS actuation occurs when an RCS, SG, RWT
level or containment parameter reaches a prescribed limit (actuation signals are
discussed in greater detail in Section 5.2.2.20). Sufficient redundancy is installed
to permit removing any onc protection system channel from service without
precluding protective action when required.

-

The rcactor control systems are uscd for start-up and shutdown of the rcactor, as

" well as for reactor power level adjustment in response to changes in‘turbine load

demand. The reactor is controlled by a combination of CEA motion, and soluble
boric acid contained in the RCS. Boric acid is used for reactivity control associated
with large, gradual, changes in water temperature, xenon concentration, and fuel
burn-up. Addition of boric acid also provides increased shutdown margin during
refucling, CEA movement provides changes in reactivity for plant shutdown, or
power changes. The CEAs arc moved by the CEDMs, which are designed to
permit rapid gravity-inscrtion of the CEAs into the core. The part-length CEAs
allow core axial power distribution control, but are not crcdned in prov1dmg
additional shutdown margina~e: ~.we .

The pressure in the RCS is controlled by regulating coolant tcmpcraturc within the
pressurizer. The pressurizer steam bubble is controlled to minimize RCS volume
variations caused by expansion and contraction of the rcactor coolant due to
system temperature fluctuations. The pressurizer stcam bubble is regulated through
controlled operation of pressurizer heaters, and pressurizer sprays. Overpressure
protection for the pressurizer is provided by four Primary Safety Valves (PSVs);
which relieve to the Reactor Drain Tank (RDT). Overpressure® protection for the
RDT is provided by a rupture disc, which relieves directly-to the containment
atmosphere, '

The Steam Bypass Control System (SBCS) operates in conjunction with the

Reactor Power Cutback System (RPCS) to permit continued low-power reactor
opcration (as opposed to reactor trip) when certain secondary-side events occur,
i.e., main turbine load-rejection. In the event of a large and rapid decreasc in steam
flow from the SGs (symptomatic of a large turbinc load-rejection event), the SBCS
rclicves steam pressure by dropping selected CEA groups into the core to rapidly
reduce reactor power to approximately 35%.
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The Plant Monitoring System (PMS) performs gencral monitoring of the NSSS,
and Balance of Plant (BOP) conditions, including parameter logging, trending, and
alarming. System temperatures, pressurcs, and flows arc monitored to keep
operating personnel aware of current operating conditions.

Power Conversion Systems B

The rated NSSS power level is 3800 MW! (net reactor heat output) plus 17 MWt
(nct heat from non-reactive sources) for a total of 3817 MW1t. The corresponding
turbinc-generator gross output is 1335 MWe (at 3.5-inches Hga back-pressure).
The nominal net output of PVNGS is 1270 MWe per unit.

“The main steam supply system delivers steam from the SGs to the high-pressure

turbine and stcam re-heaters. High pressure turbine exhaust is dried and rcheated to
supply approximately 200° F superheated steam to the three low-pressure turbines.

-- Steam is extracted at various points for the feedwater-heaters, main feedwater

33.2.5

pump turbines, main steam re-heaters, and auxiliary stcam header supply.

Stecam from the low-pressure turbine exhausts to the Main Condenser where it is
condensed and drops to the condenser hotwells. The Main Condenser also scrves
as a heat sink for the turbine bypass systcm

Three condensate pumps take the dcacratcd condensate from the hotwells, and
deliver it through the low-pressure feedwater heaters to the feedwater pumps. The
heater drain pumps also discharge to the suction of the fecdwater pumps. The
feedwater pumps discharge the total feedwater flow through the high-pressure
fecdwater heaters, and back to the SGs.

'I’he Condecnsate Storage and Transfer (CT) system mamtams the ncqulred capacity
for the AF system, as well as providing backup makeup watcr. for the Diesel
Generator jacket cooling, EW, and EC systems. The CT system consists of a
Condensate Storage Tank (CST), two condensate transfer pumps, and the
necessary controls and instrumentation. The CST is also uscd as a surge tank for
the Condensate system.

Auxiliary Systems .

The Shutdown Cooling (SDC) system is used to reduce reactor coolant
temperature (at a controlled rate) from 350° F to a refucling temperature of
approximately 135° F. During refucling, the SDC system maintains proper RCS
temperature. This system uses the LPSI pumps or containment spray pumps,
taking suction from the two RCS hot-legs. The SDC system circulates the reactor
coolant through two Shutdown Cooling Heat Exchangers (SDCHXS). The coolant
then discharges to the RCS cold-legs via the four low-pressure injection headers.

The CVCS system controls the purity, volume, and boric acid concentration of the
RCS. Coolant is extractcd-from the RCS via the letdown linc connection to RCS
loop-2B. The letdown fluid is cooled on the tube-side of the Regenerative Heat
Exchanger. The fluid then flows to thc Lctdown Heat Exchanger (LDHX), and then
proceeds through a filter and 1on-cxchangcr network. Corrosion and fission
products are removed, and the coolant is sprayed into the VCT. It is then returned,

via the Charging Pumps, to the shell-side of the Regenerative Heat Exchanger, and
discharges to RCS loop-2A. In response to Pressurizer Level Control System
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(PLCS) demand, the CVCS automatically adjusts lctdown and charging flow to ‘
maintain.a pre-set liquid level in the pressurizer.

The CVCS controls the primary coolant boric acid concentration via feed and
bleed. During normal operation, water from the RWT is automatically blended
with pure water to provide the desired boron concentration. If required, highly
borated water (2.5 weight-percent Boric Acid) may be aligned dircctly, from the

 RWT to the charging pump suction-to allow negative reactivity insertion.

The Secondary Chemical Control (SC) system contmuously monitors and injects
chemicals into the fecdwater to minimize corrosion in the SGs and in the
condensate and feedwater systems.

The Stcam Generator Blowdown (SGBD) system is a sub-system of the SC
system. The SGBD system consists of one hot-leg and one cold-leg blowdown
nozzle provided for each SG, and a Blowdown Flash Tank (at the 140-foot
clevation of the Turbine Building), and associated processing equipment. The
SGBD system compensates for the concentrating cffect of the SGs through
continuous normal-rate blowdown, processing, and re-usc of a portion of the
sccondary fluid from each SG. The SGBD system can also be used during a Steam
Generator Tube Rupture (SGTR) to aid in removing contaminated secondary
water. ,

The Nuclear Sampling system is designed to collect RCS and auxiliary system
samples for analysis. System configuration permits sampling during reactor
operation without requiring containment access. ‘

The Plant Cooling Water (PW) system removes heat from the Nuclear Cooling
Water (NC), Turbine Cooling Water (TC), and Condenser Air Removal (AR)
systems. PW system heat is rejected to atmosphere via the cooling towers.

" The TC system provides treated, demineralized cooling water to components in the

stcam plant. It also acts as an intermediate system between sccondary system
components and the PW system, . . |, .

The NC system is another closed-loop heat transport system. It includes two 100%
capacity pumps and heat exchangers. The NC system provides an adequate supply
of cooling water to the non-safety-related primary plant components. These
include the LDHX, the RCPs, the fuel pool cooling heat exchangers, the CEDM air
coolers, and the nuclear sample coolers. In addition, the NC system supplics the
WC system chillers, the Radwaste Evaporator, the Boric Acid Concemrator
(BAC), and the waste gas COMPICSSOrS.- ~ -

The Spent Fuel Pool Cooling and Cleanup (PC) systcm maintains forced cooling
of the pool water as required under normal and cmergency operating conditions by
circulating fuel pool water through one of two PC system heat exchangers, The PC
heat exchangers are normally cooled by the NC system. Backup cooling to the PC
heat exchanger is provided by the EW system via a NC to EW system cross-tic.
This cross-tic provides cooling for the PC heat exchanger when the NC system is
unavailable. A purification loop is used to maintain the purity and clarity of water
in the fuel transfer canal, spent fuel pool, and refueling pool. . . o
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The non-class 1E electrical distribution system is divided into two load groups.
During power operation, station auxiliary power is supplied from the auxiliary
transformer at 13.8kV, stepped down from the 24kV turbine-generator output
voltage. When the generator is not on-line, station auxiliary power is supplicd from
two of three start-up transformers near the main switchyard. The start-up
transformers receive power from the 525kV switchyard, and are also the source of
off-sitc power to the Class 1E clectrical distribution system. Within the plant,
power is distributed to loads from 13.8kV switchgear, 4.16kV switchgear, several
480V load centers, and MCCs.

The Fire Protection (FP) system is a site-wide system consisting of two fire
protection/well water storage tanks, one electric-driven pump, two dicsel engine-
driven pumps, onc jockey pump (to maintain system pressure), a yard-loop
distribution header system, associated valves, and hose stations. The FP system
includes automatic CO, flooding capability for the ESF switchgear rooms, the
class battery rooms, and the class DC cquipment rooms. CO, hose-recel stations are
provided for non-class switchgear building fire protection. An automatic Halon
flooding system provides firc protection for the Control Building computer,
communications, and inverter rooms.

The Demineralized Water (DW) system (also site-wide) fumishes demineralized
water to cach nuclear unit. Water from the reverse-osmosis subsystem of the
Domestic Water (DS) system is used to supply makeup to the DW system. The DW
demineralizer consists of three mixed-bed units. The CST, DW Storage Tank, and
Rcactor Makcup Water Tank (RMWT) for cach unit maintain the required
demincralized watcr inventory.

The site-wide DS system supplics necessary potable water to each unit for
consumplive usc by plant personnel and other general plant usage.

g
Sy
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Table 3.3-1 Front-line Systems Vs. Critical Safety IFunctions

Critical Safety Function ~ RC ~ HPSI  LPSI  CSS O AF SbE
Reactivity Control X X X
RCS Over-pressure Control X X X
RCS Inventory Control X X X X
Dccay Heat Removal X X X X X X X X
Containment Temp Control X
Containment Pressure Control X
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SECTION 4

~

Event-Tree Development

Accident sequences are developed using an event-tree procedure that considers
both initiating events and the success or failure of the relevant systems in
succession, Each accident sequence contains an initiating event and the subsequent
failure of one or more safety systems. ’

The PVNGS Probabilistic Risk Assessment (PRA) approach to detailing the
accident sequences is to have different tiers of fault trees. These fault trees are
linked to each other, thus creating a complete model of the plant. Fault trees can be
identified as one of three types: a support system fault tree, a front-line system fault
tree, or a top logic fault tree. The linked model would be configured as'such: at the
top of the model would be found the top logic trees linked to front-line system fault
trees, which are in turn linked to support system fault trees. Top logic trees
represent the logic needed to answer the event-tree elements and model the failure
of a safety function (sce Section 4.3 for more details and diagrams). Modeling
could include failure states of front-line systems, operator errors relating to safety
function actions such as depressurization of the Reactor Coolant System (RCS) or
event conditions, e.g., isolation of a ruptured Steam Generator (SG). Front-line
systems model the systems used to mitigate the accident such as High Pressure
Safety Injection (HPSI), Low Pressure Safety Injection (LPSI), or Auxiliary
Feedwater (AF). Modeling includes equipment failures and operator errors relating
to the system!’s operation. Support system fault trees provide modeling for systems
which are considered to be required by the front-line system for the front-line
system to successfully operate. These trees contain equipment failures, operator
errors relatingto the operation of the system, and the logic structure for setting
conditions for cach initiator. '
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Basic Approach

4.1

The fault trecs for the event-tree clements are solved and a Boolcan cquation is
produced. The equation is then quantified to find the minimal cutscts for the
sequence (see Scction 8, Quantification of Accident Scquences, for a detailed
discussion on quantification). Thus, any dependencies in the way of shared
components or support systems are automatically accounted for in the Boolcan
reduction process.

The accident sequence equation can be modificd, based upon the iniliziting cvent

- (IE) being analyzed by sctting IEs and IE flags within the equation to truc or false.

IEs and IE flags are included in the front-linc and support system fault trees. IE
flags represent multiple IEs and arc used where several IEs produce the same effect
in the logic. The IEs and IE flags can be sct to logical true or false, depending on
the system responses to the initiator being analyzed. For example, if the initiating
cvent is loss of Class 125V DC, Channel A, the flag, IEPKAM41, is set to true,
which fails all equipment that requires Channel A, DC power.

In support of the Level II analysis, the methodology described here also applies to

the quantification method used to determine the plant damage states (sce Section
11.3).

Initiating Event Identification and Grouping - -

41.1

L

Basic Approach

An initiating cvent is considered to be a failurc or action that results in either a
manual or automatic plant trip, thus requiring a mitigating action or system

response. The 1dcrmﬁcauon of i mmaung cvents was performed in two steps. First, .

a list of Possible transients 'was jdentificd from gcnenc .SOUrces. (Rcfcrcncc 4; 4 17 -

and 4.4.21). The list was then reduced to only those transients that were applicable
to PVNGS. Second, plant-specific initiators were identified through an evaluation
of plant cmergency procedures, abnormal operating procedures, drawings, design
documents, PVNGS Licensee Event Reports (LERs), system descriptions, and
other plant support documentation, This group included loss of specific systems or
clectrical buses that might directly or mdxrcctly lcad to a plant trip and would
impact the availability of the mitigating system. - TR

. , -

The two lists were consolidated, creating an initiating event list. The events were

then scparated into groups whose members had plant response and system

requircments that were similar to cach other. An event tree for all events in a group
was then developed based on this criteria. For example, a loss of condenser
vacuum automatically trips the main feedwater pumps as does a loss of all
condensate pumps. These two cvents created a similar plant response, required
similar mitigation cquipment, and were therefore treated using one cvent tree, the

. loss of main feedwater/condensate pumps. This information, along with the

identified initiators, are listed in the following section.
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Identification of Initiating Events

. 4.1.2 Identification of Initiating Events

The initiating cvents identificd for potential inclusion in the PVNGS PRA is shown
in Table 4.1-1. This is a list of generic and plant-specific initiators. The generic
listing of initiators, Part A, was taken from EPRI recport NP-2230, “ATWS: A
Reappraisal, Part 3: Frequency of Anticipated Transients” (Reference 4.4.17). The
plant-specific initiators-listed in Part B of Table 4.1-1 were identified during the
plant document review process for the PRA. This review was supplemented by a
review of LERSs, Post Trip Review Report (PTRR), and Incident Investigation
Reports (IIRs). The review process identifics potential plant-specific initiating
cvents as well as enhances the PRA model accuracy for plant specific response to
these initiators. Initiating cvents, such as the loss of control room and DC
equipment room HVAC, were directly identified during analysis in response to an
LER.

Upon review of the potential initiators, a final list was generated (Table 4.1-2).
These initiators were then grouped according to the type of systems affected by the
initiator or unique mitigating requirements. This grouping process resulted in the
.development of the PRA cvent trees, which are discussed in Section 4.3, Table 4.1-
2 also provides the results of the grouping process. The table lists the initiator
name used in the PRA modecls and what cvent tree was used for the treatment of
cach initiator.

‘413 Dis.cussion of Initiators

‘ The following sections describe each of the internal initiators analyzed for the
‘ PVNGS PRA and systems affected by the IE at the onset of the cvent,

4.1.3.1 Loss of Coolant Accidents - IELLOCA,IEMLOCA,IESMLOCA

The LOCA initiating cvent is divided into three categories: Large, Medium, and
Small LOCAs. Each LOCA size is treated separately due to differences in plant

" effects and mitigating system requirements. Based on these constramts cquivalent
break sizes for ¢ach of the LOCAs can be defined as follows. For the Small LOCAY *
the cquivalent break size range is between 0.38 in. to less than 3.0 in. For Medium
LOCA, the range is 3.0 in. to 6.0 in.; and for Large LOCA, the range is greater than
6.0 in. The rationale for selecting these break size ranges is provided in Section *
4.3. Failures that contribute to cach of the LOCAs are defined in detail in Section 6.

4132 Steam Generator Tube Rupture - IESGTR. .

The SG tube rupture initiating event applies to the,rupture of one or more tubes in
one SG causing primary coolant to leakto the secondary system. Credible tube
failures range in scverity from leak rates of a few gallons per minute (gpm) to
several hundred gpm for the guillotine rupture of several tubes, The event analyzed
in the PVNGS PRA is the complete severance of a single tube, resulting in a
lcakage rate of about 400 gpm at normal RCS and secondary-system conditions.
This choice was made on the basis that less-than-complete failure will result in
much smaller leak rates, generally within the capacity of the normal makeup
VYoo ‘system ‘and & falrly normal shutdown'¢ can take place. Multiple-tube failures, on the
. other hand, were not explicitly addrcsscd .because they are less likely to happen
and because the success criteria for’ systems called upon to respond are

LR
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4.1.3.3

4134

4.1.3.5

substantially the same as those for the failure of a single tube. The impact is the
loss of onc SG for cooling.

Large Secondary-line Break - IESLB
A large sccondary-line break includes all large downcomer feedwater line breaks

downstream of the Feedwater Isolation Valves (FWIVs) and all large steamline -
"breaks. Multiple spurious openings of Main Steam Safety Valves (MSSVs),

Atmospheric Dump Valves (ADVs) and Turbine Bypass Valves (TBVs) are also
considered. The break causcs over cooling of the RCS. This could also cause a
possible retumn to power once the reactor has tripped. Once the event has occurred,
the main stcam isolation valves arc closed. No credit was taken for the isolation of
the ruptured SG. The model assumes only one SG will be available for decay heat
rcmoval.

Feedwater Line Break - IEFLB
Economizer feedwater line breaks downstream of the last check valve prior to the
stcam generator fall into this category, along with breaks in the blowdown piping
up to the inside-containment isolation valve. Fecdwater line breaks upstream of the
last check valves are isolable and the event is the same as a loss of feedwater; i.c.,
a stcam generator does not blow down and both steam generators are subsequently
available for heat removal. Although the peak RCS pressure achieved is a function
of break size, it was conservatively assumed that any event in this category causes
pressurizer safety valves to lift.

’

Loss of 125V Class 1E DC Power - IEPKAM41, IEPKBM42, IEPKCM43,
IEPKDM44

Loss of 125V Class 1E DC power is defined as four separate initiators (sec Table
4.1-2) in thc PRA modecl. Each of the four cvents affect the plant differently with
Channels A and B being the most severe. Each initiating cvent is actually the
combination of two cvents -- the loss of the distribution panel and the loss of the
control center. All of the cquxpment failures that could fail cnhcn panel are:.-

included in the initiating event. This is'conservative, since’ “control centér’

equipment that would not fail on a loss of the distribution panel are assumed to fail
for this initiator. However, since’most equipment required in this analysis are
supplied from the distribution panel, this is only slightly conservative. A
discussion of cach initiator and its consequences follows. Only consequences
applicable to this analysis are included.

The initiator, IEPKAM41, Loss'of Channel" ‘A DC contml ccntcr. or distribution
pancl affect the plant in the following ways: -

a) One ADV on cach stcam generator fails closed

b)" All of the Train A Engincered Safety Feature (ESF) pumps, AF, SI,
Containment Spray (CS), Essential Chilled Water (EC), Essential Cooling
Water (EW), Essential Spray Pond (SP) systcm, fail to start duc to loss of
DC control power - a

. ¢) DG A willnotstartorrun =« ~ » . 4

d) ' The normal pressurizer spray valves fail closed (mstmmcnt air is isolated
to containment)
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4.1.3.6

¢) The non-cssential (start-up) AF N pump loses primary DC control power
f) Normal and Train A cssential control room HVAC unavailable
g) Nommal and Train A essential DC equipment room HVAC unavailable.

The initiator, IEPKBM42, Loss of Channcl B DC control center, or distribution
pancl affect the plant in the following ways:

a) Onc ADV on cach stcam gencrator fails closed

b) All of the Train B ESF pumps fail to start duc to the loss of DC control
power

¢) DG B will not start or run

d) Nommal and Train B cssential control room HVAC unavailable

- " N

¢) Normal and Train B essential ESF switchgear room HVAC unavailable.

The initiator, IEPKCM43, Loss of Chanhcl C DC control center, or distribution
pancl affect the plant in the following ways:

.a) Onc ADV on cach steam generator fails closed

b) AF pump A fails to supply water to cither SG duc to failure to open two
Channel C-powered AF isolation valves

c) Loop 1 (Train A) shutdown cooling valve fails to operate

d) Train A HPSI hot-leg recirculation unavailable {Motor Opcratcd Valve
(MOV) fails to open].

t

The initiator IEPKDM44, Loss of Channel D DC control center, or distﬁbutién
panc] affect the plant in the following ways:

a) Onc ADYV on cach stcam generator fails closed
b) Loop 2 (Train B) shutdown cooling valve fails to operate
" ¢) Train B HPSI hot-leg recirculation unavailable (MOV fail to open).«™» <"

The first two initiators have a greater conscquence than do the others due to the
large number of equipment failures involved. The last two events, in fact, do not
nccessarily trip the reactor automatically, since it is assumed that the operator will
trip the reactor on an cxtended loss of these buses. This assumption does not
greatly affect the final overall results.

v -

Loss of 120V Class 1E' AC Instrument Power - IEPNAD25, IEPNBD26

The loss of class instrument power includes two cvents: IEPNAD2S, Loss of
Channel A Vital 120V AC and IEPNBD26, Loss of Channel B Vital 120V AC, .
Each initiator includes all of the equipment failures that could fail the distribution
panel. Loss of cither of the two initiators will eventually trip the plant because of
the loss of cooling to the respective Balance of Plant (BOP) Engincered Safety
Fcatures Actuation System (EFAS) cabincts. Loss of cooling to the cabinets can
lead to the failure of the load sequencer, rcgpltmg in a continuous load shed to vital
cquipment. Other system impacts arc "io essential chillers and SG ADVs (one on
cach SG).

.
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4.1.3.7

4.13.8

4.13.9

Loss of Instrument ‘Air - IEIAS

The Instrument Air system contains three air compressors; two normally running.
On the loss of all three, nitrogen backup allows the operators to shut down the plant
with minimal cffect. In this analysis, no credit is given for the low-pressure
nitrogen backup, since it will only provide instrument air backup for
approximately four hours. Backup nitrogen is credited for allowing continued
operation of the N pump (sce Section 7.4). A loss of Instrument Air initiating cvent
causes the following equipment failures:

a) The TBVs fail to operate

b) Letdown isolation valves closc

¢) Nommal plant ventilation isolates duc to dampers failing closed
d) The condenser hotwell automatic makeup fails ..

¢) Instrument air to the ADVs fails (cach ADV has a nitrogen accumulator
backup)

f) The operator will (some time later) manually trip the reactor per procedure

g) The condensate pump shaft scal water isolation valves fail closed, failing
the pumps

h) Instrument airto the Feedwater Regulating Valves fail (valves cach have
high pressure nitrogen backup).” ¢ . ‘< »

Loss of Plant Cooling Water, Loss of Nuclear Cooling Water, Loss of Turbine
Cooling Water - IEPCW, IENCW, IETCW

The effects of an extended loss of plant cooling water (PW) arc lhc same as the
combined cffects of an extended loss of nuclear cooling water (NC) and turbine
cooling water (TC), since PW cools both NC and TC. NC providcs cooling to the
RCP shaft scals, containment air, normal chillers, and the spent fuel pool.
Containment loads can be backed up with essential cooling water. TC provides

coolmg water to the Main Turbine lube oil, Main Generator stator and hydrogen .. .
coolers, FW pump ‘lube oil, instrument air compressors, ‘and cxrculaung ‘water” *

pumps. An cxtended loss of PW causces the following:
’a) Loss of cooling to TC, NC, and condenser air removal pumps
b) Manual turbine trip (per pmccdurc)
¢) Possible RCP trip duc to loss of NC hcat sink (also possxblc RCP seal leak)
d) Manual FW pump rip < : N 0

$
¢) Manual circulating water pump tip~
f) Manual condensate pump trip
g) Manual instrument air compressor trip
h) Eventual loss of condenser vacuum

i) Eventual loss of normal HVAC.

ey

Closure of All Main Steam Isolition Valves - IEMSIV /= -

-1Simultancous closure of all of the MSIVs will lead to a trip on high pressurizer

pressure and a primary safety relief valve lift. Main feedwater is lost and the TBVs

Rev.0 4/7/92

4.1 Initiating Event Identification and Grouping 4-6




Discussion of Initiatdrs

»

4.1.3.10

cannot be used to provide sicam relicf unless the Main Stcam Isolation Valves
(MSIVs) are unisolated. '

Loss of DC Equipment Room HVAC - IEDCRHVAC-1, IEDCRHVAC-2

Loss of DC equipment room HVAC consists of two individual initiators: the loss of
Division 1 HVAC and the loss of Division 2 HVAC. Division 1 HVAC supplies
cooling to Channels A and C DC cquipment rooms. Division 2 HVAC supplics
cooling to Channcls B and C DC cquipment rooms. The rooms contain class
inverters, battery chargers, and voltage regulators for the class 1E 125V DC system
and the class 1E 120V AC instrument control system. The most temperature
sensitive solid state cquipment in the rooms can operate in room temperatures of
104° F. The solid state equipment begins to fail at approximately 122° F.

The DC equipment room HVAC initiator is highly complex. The HVAC system
has a non-class normally opcrating portion which is-backed up by a class
(cssential) portion during LOCA or Loss Of Off-sitc Power (LOOP) conditions.
The systems that support HVAC are also the systems which are supported by
HVAC. To increasc the complexity, these same support systems are also support
systems for all the front-line systems. As a result, the DC equipment room HVAC
initiator tends to become important. Its importance is based upon how much time
there is between loss of HVAC and failure of the equipment that the HVAC is
cooling. The following briefly describes the most likely ‘and the most limiting
scenarios evaluated in the PRA model. This evaluation is based upon results from
room heat-up modcling conducted for PVNGS. .

« A spurious actuation of the Firc Protection (FP) system occurs. This also
includes spurious CO, spray. The room or rooms become isolated from
any air source. This could happen to onc or both of the divisions of HVAC.
The control room will receive an alarm indicating actuation of the FP
system. If no CO, is relcased in the rooms, the operators have
approximately 12 hours to restore cooling to the room. If CO, is present,

_then a longer time is avajlable unless immediate failure,due.to subcooling
of the equipment occurs. Opening closed dampers requircslong periods of -
time due to their location. Operators would have to supply cooled air by
opening doors and placing blowers in appropriate places. These actions
are proceduralized.

+ Accidental dropping of the dampers cither by testing the FP system or by
failure of the damper(s) to remain open. Flow to the room becomes
blocked. Dropped dampers are not alarmed. Indication would come from
an increase in the affected room temperature: Temperature indication for
the rooms is in the control room, The operators have approximately 12
hours after the dampers have dropped to restore cooling to the room.
Opening closed dampers requires long periods of time due to their
location. Operators would have to supply cooled air by opening a door and
placing blowers in appropriate places. These actions are proceduralized.

» Theloss of the Air Handling Unit (AHU) fans due to random failure faults
‘thus causing failure to circulate air through the rooms. Heat-up will occur
in approximately 12 hours in this scenatio also.The operators have control
room alarms on the AHUs and room temperature.

-
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4.1.3.11

4.1.3.12

4.1.3.13

4.13.14

» The loss of the source of chilled water due to random failure faults thus.
causing failure to cool the retum air from the rooms. By only providing air
circulation, the rooms could be kept cool long enough so that the failure
temperature would not be reached in 24 hours. There arc various alarms in
the control room which indicate availability of chilled water. For
conservatism this scquence was also included in the model. .~

Turbine Trip - IETT

Loss of the turbine does not in and of itself always trip the reactor; however, if the
Reactor Power Cutback System (RPCS) and the Turbine Bypass Valves (TBVs)
fail, a transient would occur. The RPCS monitors the power balance between the
turbine load and the reactor. When a mismatch occurs, the RPCS drops in groups
five and four of the control rods and sheds the steam load through the TBVs.
Should RPCS and TBVs fail, the reactor will trip as a result of the turbine tripping
before the reactor. The RCS will experience a pressure spike, thus creating the
possibility of a stuck-open safety valve on the priniary side. This is considered to
be a Small LOCA.

Miscellaneous Trips - IEMISC

Miscellancous trips comprise those events that were identificd in NUREG 3862
and EPRI NP-2230 initiator lists as cither causing or possibly causing an
uncomplicated trip at PVNGS. Events in this category 'do not, in themselves,
significantly impact the plant systems called on to respond to the transicnt. Sce
Scction 6.1 for the final list of contributors to the initiating cvent frequency.

Loss Of Off-Site Power - IELOOP

The Loss Of Off-site Power event includes all events initiated by a loss of grid

power from the high voltage transmission lincs supplying the station, Qutput to the

switchyard from cither of the other Palo Verde units is assumed unavailable.

Following a loss of off-site power, much of the plant non-safety equipment will not

function and the safcty equipment will depend on the Diesel Generators, (DGs) for..

power. Lost equxpmcnt includes the Nuclear Coolmg Water* Systcm (NC)'pumps; -

the TBVs, Turbine Cooling Water (TC) pumps, instrument air, the condensate
pumps, the main fecdwater pumps, the reactor coolant pumps, and normal HVAC.
The loss of the condensate pumps assures that altemnate feedwater will not function
until off-site power is restored. Additionally, loss of NC could lead to an eventual
Reactor Coolant Pump (RCP) seal Loss of Coolant Accident (LOCA) should
operators fail to back up NC. with Esscnual .Chilled-Water (ECW) and scal
injection via charging pumps. ..\« . Ta dn B e e vs

Loss of Main Feedwater/Condensate Pumps or Loss of Condenser Vacuum -
IEFWP, IECPST, IECONDVAC

A loss of main feedwater is defined as a loss of both Main Feedwater (FW) pumps.
The turbine driven FW pumps receive steam from the SGs and cannot be relied on
for long-term decay heat removal, but they provide operators with a longer time
window in which to align other sources of feedwater,’if necessary. A loss of the
FW pumps docs not cause failurc of alternate feedwater because of-a bypass line,
.A loss of all condensate pumps or a loss of condenser vacuum also leads to a loss
of both FW pumps. The reactor will trip following any of these events on a low SG

Rev.0 4/7/92

4.1 Initiating Event Identification and Grouping 4-8




Discussion of Initiators

4.13.15

‘ 413.16

4.1.3.17

:
i
f

level signal. The SG inventory at the beginning of the transient is, thercfore, much
less in both SGs than for a normal reactor trip. For the loss of the FW pumps or for
the loss of condenser vacuum, the effect on other systems is minimal. The loss of
the condensate pumps fails the Altemate Feedwater system (AILFW) (See Section
5 for system description).

Station Blackout - IEBLACK

Station Blackout is a loss of off-site power coupled with failure of both standby
cmergency diescl generators and their related circuitry to supply power. The only
station power not assumed 10 be unavailable is DC control power and DC-backed
vital AC instrument power. The effect on the plant is the loss of all accident
mitigating cquipment except the turbine-driven auxiliary feedwater pump and the
ADVs,

Anticipated Transient without SCRAM - All Initiators

Anticipated Transient without SCRAM (ATWS) occurs after a PYNGS initiator
has transpired. Ideally, the cffects of ATWS are calculated for cach initiator;
however, it is possible to simplify the calculation by grouping together the
initiators that have similar cffects during the ATWS. Grouping or binning the
initiators is bascd on the response of the rcactor core after the initiator has
occurred. As a result, the initiators can be categorized into two groups:

» Turbine trip

+ No turbine trip
A third catcgory was created for the loss of off-sitc power and station blackout
initiators because of the larger effect on the systems needed to mitigate the ATWS.

Scction 6 identifies each category and the initiators that were included in the
category.

RCS Interfacing System LOCA

Interfacing.System LOCA.(ISL) is-a- term uscd 1o identify the LOCAs that:can -

occur through systems that interface with the RCS.‘Typically, this type of LOCA'is
due to the rupture of onc or more valves or heat exchanger tubes followed by the
rupture of low-pressure piping in the interfacing system. LOCAS of this sort are of
special concern because they can adversely affect a system that is required to
mitigate the event. RCS inventory is lost outside containment and the mitigating
cffect of containment on radiological releases is lost. There are several systems
such as Safety Injection (SI) system, NC, Chemical and Volume Control System
(CVCS), and shutdown cooling that interface with the RCS. Systems such as the
CVCS are designed to withstand RCS pressure and temperature during full-power
operations and therefore are not considered for ISL analysis.

Two distinct types of ISLs can occur: those which discharge reactor coolant
outside of containment and those which discharge inside containment. The first is
of much greater concem, since pnmary coo]ant is not returning to the sump for
cventual recirculation and radlologncal Teleases will be significantly higher than for
inside-containment ISLs. Non:isolable outside-containment ISLs, therefore, are
assumed to lcad dircectly to core melt if they are'not terminatéd. ISLs inside-

" containment have the same cffect on Emergency Core Cooling Systems (ECCS)
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success as primary piping LOCAs. This is because it is assumed that ISL flow is .
the same as flow lost from one SI linc to the RCS leg. The inside-containment ISLs

are accounted for by increasing the appropriaic LOCA initiator frequencics by the
calculated ISL frequencies (sce Section 6).

‘ 4.1.3.18 Loss of Control Room HVAC - IECRHVAC

The Control Room HVAC initiator is defined as the loss of the normal operating

portion of control room HVAC followed by a failure to initiate backup cooling

cither by calling upon the essential HVAC or by operator intervention, The control |
room HVAC consists of a non-class normally operating portion and a two-train |
class, essential portion which is operated during LOCA or LOOP conditions.

The Control Room contains various temperature sensitive, solid state cquipment.

A loss of most of this equipment does not impact the operability of systems which

would be called upon to mitigate the transient. However there are, two cabinets

that contain equipment, which upon equipment failure, would have a large impact

on the plant’s ability to respond to an accident. These cabinets house the ESF lpad |

sequencers for both safety trains. The load sequencers, upon receiving a LOCA or

a’LOOP signal, shed the loads on the class 4160V AC busces and allow the DG to

close onto the bus. The sequencer then sequences back ‘on all of the essential loads

(AF, SJ, ctc.). Onc of the possible failure modes of the scquencer is to generate a

continuous load shed signal. This strips the bus of all loads, but docs not allow

reloading of the safety loads. The occurrence of a continuous load shed signal after ‘

the rcactor has tripped can lead to core melt if recovery of the safety loads is not

performed. |
\

The load scquencer fails when room temperatures become greater than 120° F, The
following information briefly describes the most likely and limiting scenarios
cvaluated in the PRA model for loss of coolmg to the control room.,These. - .
" Scenarios are based upon results from room heat-up modclmg conductcd for-
PVNGS. ’

«  Accidental dropping of the dampers duc to random failure faults. There is
no automatic actuation via the Firc Protection (FP) system for the control
room. Flow to the room becomes blocked. Dropped dampers arc not
alarmed. Indication:would come from an increase in the room
temperature. Once cooling'has been lost, the operator has.12 hrs. to
provide cooling to the room. Opening closed dampers requires long
periods of time due to their location. Operators would have to supply
cooled air by opening the doors. Since the operator is within the room of
concem, there is continual feedback to him and the ‘success of his actions
is highly likely.

» Theloss of the AHU fars duc to random failire faulls thus causing failure
to circulate air through the rooms. Heat-up will occur in approximately
15 hrs. in this scenario. Recovery for this scquence of events is the same as .
for dropped dampers.

»
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High Pressure Safety Injection (HPSI)

4.2

Mitigating System Requirements

4.2.1

4.2.2

General requirements for thc front-linc mitigating systcms arc dnscusscd in this

section, '
Most systems necded for mitigating cach of the initiating events described in

Scction 4.1 have the same requirement throughout the analysis. For some systems

however, the requircments change from one initiator to another. Safety Injection

system requircments, for cxample, vary with the size and location of a LOCA. The

modeling and analysis of cach system is discussed in Section 5 and includes the

details of each systems success criteria. Section 4.3 lists the system requircments

specific to cach cvent tree. Support systems required for front-line system function

arc discussed in Section 5.2.2,

High Pressure Safety Injection (HPSI)

The primary function of the High Pressure Safety Injection (HPSI) system is to
inject borated water from the Refucling Water Tank (RWT) into the RCS following
a LOCA or Steam Generator Tube Rupture (SGTR). There are two HPSI pumps
with at lcast onc HPSI pump required to inject water into the cold-legs of the
primary piping. The HPSI system gets actuation signals from the ESF bus load
scquencers and the Enginecred Safety Features Actuation System (ESFAS). The
Safety Injection Actuation Signal (STAS) setpoint is 1837 psia.

Following actuation, the HPSI system injects water from the RWT into the RCS
when RCS pressure is below the HPSI pump shutoff head (approximately 1900
psig). Recirculation of water from the containment sump is achieved using the
HPSI pumps and is treated as a separate function.

HPSI is also required on a Jarge secondary linc break, where it functions to inject .
sufficient boron to prevent a return to,power given a stuck control rod, as well asto s
provide RCS makeup.

HPSI is successful if the RWT supplics the required volume of borated water and
at least onc HPSI pump functions to deliver water to at least three of the four RCS
cold-legs.

L4
.

High Pressure Safety Récu'culatlon (HPSR) '

- HPSI recirculation is required on all RCS LOCAs where water/steam from the |

break remains in containment. Recirculation of the RWT water in the containment
sump using the HPSI pumps provides long-term core cooling and RCS makeup.
Following injection of the RWT water. mto the Reactor Coolant Systcm a
Recirculation Actuation Signal (RAS) is gcncratcd on RWT low level (7.4%). The
RAS sccures the LPSI pumps and opens the sump isolation valves so that the HPSI
and CS pumps can take suction from the sump. The requirement for cold-leg
recirculation is that one HPSI pump provides flow from the sump to the RCS.
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Hot-Leg Injection (HLI)

423 Hot-Leg Injection (HLI) 0

Following a Large or Medium LOCA, borated water is injected via HPSI and Low
" Pressure Safety Injection (LPSI) through the cold-leg injection lines. For cold-leg
breaks, part of the flow is lost to the break and part of the flow is injected into the
core. Since the system cannot remain pressurized, .the.reactor vessel upper head,
outlct plenum, and stcam generator tubes void. Steam will be formed in the core
and be transferred through the SG tubes and to the break location. Boron is left |
behind in the reactor vesscl. If this continues over several hours, the boric acid }
concentration in the reactor will increasc to its solubility limit. Boric acid will then |
precipitate and may interfere with coolant circulation and heat removal. This
problem does not occur for a hot-leg break, since liquid flows through the core
prior to flowing out of the break. |

The problem of boric acid precipitation can be avoided by providing SI flow to
both the hot and cold-legs. The flow into the hot-leg injection lines (50% of HPSI
flow) limits the boron concentration in the core region.

Since the operator has no knowledge of where the break occurred, the LOCA -
cmergency procedure requires hot-leg injection to be initiated from the Control
N Room between 2 and 3 hrs. following a LOCA. The requirements for hot-leg
injection are that one of the two hot-leg injection lines be opened to the RCS and
. provide flow from an operating HPSI pump.

e ¢

4.2.4 Safety Injection Tank (SIT) Injection

The Safety Injection Tanks (SITs) provide the initial injection of borated water |
nceded to cool the core following a Large or Medium LOCA. There are four SITs, |
one per Reactor Coolant System (RCS) cold-leg. Each SIT contains a minimum of

. 1802 cubic ft. of borated water. It is assumed that one SIT is lost through the RCS

e - : - . break..The.success-criterion.for-SIT. injection.is-that-two-of-the rvcmammg-threeW

SITs inject coolant into the intact RCS cold-legs: The SITS are pressurized and start™ *
to inject their water when the RCS pressure decreases below approximately 615
psia.

In the event of a Small LOCA, the RCS pressure remains clevated above 615 psia
and the SITs are only required if a rapid de-pressurization is necessary in order to
initiatc LPSI'on failurc of HPSI. The same SIT mquxrcment is conservatively used
in this circimstance, even though only a portion of one SIT would be lost through
the break.

42.5 Low Pressure Safety Injection (LPSI) .

|

|

Low Pressure Safety Injection (LPSI) provides high volume coolant injection to

the core for Large and Medium LOCAs. There are'two LPSI pumps, cach

supplying flow to two cold-leg injection lines, LPSI and CS pumps can be used to

*. back up the other given its failure; this is not credited in the analysis. LPSI will ‘
inject water when RCS pressure decreases to less than about 2007psig.
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Low Pressure Safety Recirculation (LPSR)

4.2.6

4.2.7

4.2.8

Low Pressure Safety Recirculation (LPSR)

1f HPSI Recirculation fails for reasons other than failure of the containment sump
valves, the LPSI pumps can be used to perform the same function once RCS
pressure is sufficiently low. Since RAS shuts down the LPSI pumps, operator
action is required to restart at lcast one pump. For the Small LOCA initiating cvent,
operator action to rapidly cooldown and de-pressurize the RCS is also necessary
for utilization of LPSR. The only other event in which LPSR is credited is Large
LOCA, where its usc is of limited valuc since LPSI cannot provide hot-leg
injection.

Reactor Protection System (RPS)

The Reactor Protection System (RPS) trips the reactor to reduce thermal energy
production following a transient or accident. Power is removed from control
clement drive mechanism (CEDM) cabincts by opening the Reactor Trip Breakers
(RTBs), which allows the control clement assemblics (CEAs) to drop into the
reactor core under the influence of gravity. A reactor trip also gencrates a turbine
trip. The RPS is required to do two things: gencrate a trip signal and de-energize
the CEDMs releasing the CEAs into the reactor core. Failure of cither is
considered a failure of the RPS.

The RPS generates a trip signal on any of the following conditions using any two
of four channel logic:

a) Low Departure from Nucleate Boiling Ratio (DNBR) (1.24)*

b) High Lincar Power Density (21 kw/ft.)* )

¢) High Pressurizer Pressure (2383 psia)

d) Low Pressurizer Pressure (1837 psia)

¢) RCS Low Flow (11.9 psid)+

f) High SG#1 or SG #2 Level (9“1.0% Narrow Range)

g) ' Low'SG'#1'or SG#2 Level (44.2% Wide Réfige) » V7" y

h) Variable Overpower (neutron flux) (110%)+ ‘

i) Low SG #1 or SG #2 pressure (919 psia)

j) High Containment Pressure (3.0 psig)
* Generated by Core Protection Calculators (CPCs). CPCs will generate both trip

signals for several conditions other than actual Departure from Nucleate Boiling

Ratio (DNBR) or Local Power: Dcnsny (LPD) exceeding setpoint; such as input
parameter out of range and loss of subcooling.

+ These trip functions also have rate of change and band limits.

Auxiliary Feedwater (AF)

"Steam Gencrator cooling is required following all transients and accidents except

Large and Medium LOCAs. For most’ mmauon events, Main Feedwater (FW) will
continue to be available following the trip; however, it is not credited for long-term
decay heat removal. Auxiliary Feedwater (AF) is used as the primary source for
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Turbine Bypass Valves (TBVs)

4.2.9

o 4.2.10

4.2.11

SG cooling. The AF system consists of two Scismic Category I, Class 1E Esscential
pumps (Train A is turbinc-driven, Train B is motor-driven) and onc non-qualificd,
non-cssential pump referred to as Train N. Nomally following a trip, the Train N

" AF pump is used. Use of this pump requires operator action for startup and

alignment. The essential portion of AF is automatically actuated by an Auxiliary
Fecdwater Actuation Signal (AFAS) from ESFAS. It can also be manually actuated
from the Control Room. The success criterion for AF is that fecdwater flow must
be delivered from one of two essential AF pumps or the non-essential AF pump to
one steam generator before SG dry-out.

In addition, AF is uscd during rapid RCS de-pressurization to a pressure less than
the shut-off head of the LPSI pumps on failure of HPSI. In this case, AF is required
to supply flow to both SGs from at lcast onc AF pump.

Turbine Bypass Valves (TBVs)

The operationally preferred means of removing secondary stcam following a trip is
via the Turbine Bypass Valves. These valves are automatically opened by the
Stecam Bypass Control System (SBCS) to prevent lifting of the Main Stcam Saféty
Valves (MSSVs) following a trip. These valves can also be manually controlled
from the Control Room. Six of the cight valves dump to the condenser and the
other two discharge to atmosphere. The turbine bypass valves to the condenser will
not open if condenser vacuum is insufficient. In this analysis, because of the high
reliability of Main Steam Safety Valves, TBVs are only credited in sequences
where cither the RCS or the SGs alone must be de-pressurized. These initiators are
Small LOCA, Steam Generator Tube Rupture, and AF failure.,

The TBVs are isolated by the Main Stcam Isolation Valves (MSIVs) on a Main
Stcam Isolation Signal (MSIS), and arc also not available on a Loss Of Off-site
Power, loss of control power, or loss of instrument air.

Atmospheri€ DUmp Valvés (ADVSJe ¥ " "0l 2t oot w7
The analysis principally credits the ADVs for controlled secondary steam removal.
There are four ADVs: two per stcam generator. The ADVs are air operated valves
and arc remotcly operated from the Control Room. They are not automatically
actuated. Local operation of the ADVs is also possible but is not credited. The
requircment for the ADVs is that one of the two atmospheric dump valves opens to
remove sccondary stcam on.a.SG being supplied with’feedwater, ADVs arc
credited for maintaining Hot Standby, along with MSSVs, and for cooldown and
de-pressurization sequences along with TBVs,

Main Steam Safety Valves (MSSVs)

There are ten MSSVs per Steam Generator. On a failure of the ADVs, the steam
gencrator pressure will increase until the Main Steam Safety Valve (MSSV)
sctpoint is reached=Two MSSVs (per SG) have a‘setpoint of 1250 psig, two are at
1290 psig and six at 1315 psig. The MSSVs will then begin to cycle to maintain the

*'SG pressure in a narrow band around the MSSV setpoint pressure. The RCS
“ temperature and pressure will then increase until an equilibrium point is reached
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Alternate Feedwater (AILFW)

4.2.12

4.2.13

4.2.14

‘where the heat transfer from the RCS to the stcam generators is balanced by the

heat removed through the MSSVs. As long as SG cooling is available, the plant
will remain stable. However, it is not possible 10 cooldown and de-pressurize the
RCS to bring the plant to shutdown cooling entry conditions unless an atmospheric
dump valve or a turbine bypass valve is restored, since MSSVs cannot be used for
SG pressure reduction. The success criterion for the MSSVs is that one of the main
stcam safety valves opens on a SG being supplied with fecdwater.

Alternate Feedwater (AItFW)

The Alternate Feedwater system uses the low pressure condensate pumps to
provide an alternate method to supply SG cooling when main feedwater is no
longer available and AF has failed. Per the Functional Recovery Procedure, the
Control Room operator would have to reduce the pressure in one SG to less than
approximately 500 psia using the TBVs or ADVs. The condensate pumps are then
aligned through the three low pressure heater trains, one of two FW pump bypass
valves, and the high pressure heater bypass valve to the SG.

This task requircs operator actions that take place outside of the Control Room.
The condensate pumps take suction from the hotwell; over the long term, hotwell
makeup must occur from the Condensate Storage Tank (CST).

The success criterion for AItFW is that at lIcast one condensate pump is aligned and

.supplics flow 1o onc SG prior to core uncovery.

RCS Pressure Control

Following a stcam generator tube rupture, in order to reduce the leakage from the
primary to the secondary, RCS pressure must be reduced to shutdown cooling
entry conditions. To perform this function, RCS pressure control must be
maintained. Main Spray, which requires Reactor Coolant Pump operation, is not
credited in the analysis. It is conservatively assumed that subcooling will not be

adcquatc to-operate RCPs? Therefore; cither-auxiliary, prcssunzcr ‘sprays or 1.

pressurizer vents can be used to reduce pressure. Auxiliary spray is supplied by the
charging pumps and is manually controlled. Pressure can also be reduced by
opening the pressurizer vents. There are two pressurizer, vent flow paths on the top
of the pressurizer. Flow through either line can be established by opening two or
three (depending on the path) solenoid valves from the Control Room. Using

-auxiliary spray or opening the pressurizer vents performs.two functions: (1)

reduces RCS pressure and thus the leak,rate and (2) allows, the level in the
pressurizer to rise (mcmasc makeup from HPSI) so that HPSI can be throttled to
control RCS inventory. Until HPSI is throttled, RCS de-pressurization is not
possible.

Shutdown Cooling (SDC)

Shutdown Cooling can be used to remove decay heat from the RCS, once the plant
has been cooled to 350° F and de-prcssunzcd 10 400 psia. It is only credited for
Steam Generator Tube Rupture, since Theréis a significant likelihood that complete
RCS de-pressurization would be required to terminate the loss of RCS inventory.
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Steam Generator Blowdown (BD)

4.2.15

4.2.16

" Each LPSI pump is aligned to take suction from a hot-leg through the three SDC

suction isolation valves. Injection into the RCS is then accomplished via the SDC
heat exchangers through the normal LPSI injection lines. SDC requires at least onc

LPSI pump to recirculatc RCS water through at least one injection line.

A Containment Spray pump can be used in place of a LPSI pump. However, it was

‘found to be not necessary 1o credit this in the analysis.

Steam Generator Blowdown (BD)

Blowdown is normally operating prior to the reactor trip, but the blowdown
containment isolation valves arc isolated on a SIAS, AFAS or MSIS. On a Stcam
Gencerator Tube Rupture event, the operator is directed to isolate the ruptured SG
and to usc blowdown to prevent overfilling it. Either abnormal or high rate
blowdown can be used to reduce the level. If blowdown functions correctly, an
almost normal shutdown can be maintained. If the blowdown system cannot be
used, the operator must steam the ruptured SG using ADVs or TBVs'to reduce SG
level, which can lead to an unisolable SG lcak from the ruptured generator if an
ADY fails to close.

Containment Spray System (Containment Heat Removal)

On a Mcdium or Large LOCA, the Containment,Spray:(CS) system is
automatically started by a Containment Spray Actuation Signal (CSAS) from
ESFAS. The CSAS actuates at 8.5 psig in the containment and opens both spray
isolation valves. (The Containment Spray pumps should have started on a SIAS.)
Water is then supplicd from the RWT to the spray rings in the containment dome.
On aRAS, the CS pumps continue to run with their suction source switching to the
containment sump. In the recirculation mode, cooling is required from the SDC
heat exchangers, which are cooled by the Essential Cooling Water systems. This is
the decay heat removal mechanism, The. CS system is considered successful when
at least onc CS pump supplies cooled containment sump water to the spray rmgs
during the recirculation'mode: A"LPSI puiimpcan b¢ us¢di m plact.of ¥ Containmenty &
Spray pump. However, it was found to be* not neccssary to crcdn this in the
analysis.

Containment Spray as requircd for maintaining containment integrity is discussed
in Scction 11.

L [ x

)
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. . Lo .*  Small LOCA Event Tree

4.3

Event Tree Sequence Determination

’ 43.1

43.1.1

This section describes each core damage sequence for each event tree utilized in
the PVNGS PRA. Some event trees are unique to particular initiators, while some
arc more generic and are utilized for two or more initiators, such as the Grouped
Transicnts event tree. -

First, the initiator is described, along with the systems required to mitigate it. Then
each accident secquence is described, followed by an explanation of each top cvent
in the event tree and the success criteria for cach of those top events.

One or more top events in each event tree may be combinations of functions and

systems required to perform those functions. For example, Sccondary Cooling

includes two means of providing feedwater to the steam generators and up to three

means of relicving stecam. Both means of feeding or all threec means of stcaming’
must fail to fail the top event. Combinations of successes and failures arc handled

by means of top logic fault trees, which in tumn call the appropriate system fault

trees, and in some cases, contain logic “switches” to activate or deactivate

particular scctions of the fault tree, as appropriate to the event under consideration.

The Top Logic fault trees are shown as Figures 4.3-11 through 4.3-18.

Finally, major assumptions that went into the accident sequence quantification and
major dynamic human actions within the event and fault trees are delineated.

Plant Damage Statcs and Containment Response are discussed in Section 11,

Small LOCA Event Tree

The Small LOCA cvent tree (Figure 4.3-1) applies to all reactor coolant system
(RCS) ruptures inside containment, which have an cquivalent break diameter of
0.38 10 3.0 in. Breaks up to 3.0 in. in diamcter do not pass enough water to remove
corc decay heat. Sccondary cooling is therefore required. RCS pressure is not
expected to drop to the Safety Injection Tank pressure; early core uncovery is not
expected.

i Faa !

The preferred systems rcquircd to mitigatc a Small LOCA are the RPS for reactor
trip, High Pressure Safety Injection, Auxiliary Feedwater, and some means of
sccondary stcam removal. Once the RWT inventory is depleted, the coolant must
be recirculated from the containment sump. Hot-leg injection during long-term
cooling is not required. (Boron precipitation is not expected, since prolonged loss
of subcooling and boil-off does not occur.) If HPSI fails or is not available, a rapid
RCS depressurization can allow the LPSI system to be used to provide injection
into the RCS. This dynamic human action is in the Functional Recovery
Emergency Operating Procedure.

Sequence Description
Refer to Figure 4.3-1, for a logic diagram of the Small LOCA Event Tree.

Following the initiating event, the rcactor would be expected to trip on low
pressurizer pressure or Low Departure from Nucleate Boiling Ratio (DNBR).
Failure of reactor trip with HPSI success is covered in detail in the ATWS event
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Small LOCA Event Tree

43.1.2

4.3.1.2.1

4.3.1.2.2

tree. However, if the reactor fails to trip, HPSI is required immediately for Small
LOCA and Steam Generator Tube Rupture initiators, as opposed to within 1 hr.
following a transient-induced LOCA as modelled in the ATWS cvent tree. This
leads to early corc damage.

Following successful reactor trip, the makeup of RCS inventory via HPSI is
required. If HPSI were to fail, it is possible to de-pressurize the RCS through a
rapid cooldown from the secondary side to a pressure low enough to allow Safety
Injection Tank injection and ultimately Low Pressure Safety Injection. Long-term
secondary heat removal is required, and is also included under the De-pressurize
top cvent,

If HPSI is successful, secondary cooling is necessary for heat removal. All means
of stcaming and feeding the stecam gencrators are covered under the Secondary
Heat Removal top event.

Once the contents of the Refucling Water Tank (RWT) are injected into the RCS
via HPSI, High Pressure Recirculation (HPSR) is necessary for continued
inventory makeup. If HPSR fails, Low Pressure Recirculation (LPSR) may be used
if the RCS can be rapidly de-pressurized as discussed above. Failure to de-
pressurize or to achieve recirculation lcads to core damage, since inventory
makeup cannot occur.

Had HPSI initially failed and de-pressurization and LPSI were successful, Low
Pressure Safety Recirculation (LPSR) from the containment sump would be
necessary to continue inventory makeup. If LPSR fails, the core will not remain
covered.

The five corc damage scquences then are as follows:

a) Reactor Trip failure, HPSI failure
b) HPSI failure, de-pressurization or LPSI failure
¢) HPSI failure, de-pressurization and LPSI success, LPSR failure

»

- d)”“HPSI'success; secondary cooling failure 2 « &+ =¥ v a>, & S

¢) HPSI success, secondary cooling success, HPSR failure, de-
pressurization, LPSR failure.

Small LOCA Sequence Elements

Small LOCA Initiators W? i

Scction 6.1.3 shows the calculations used in determining the Small LOCA
initiating event frequency. Small LOCAS outside of containment are treated under
the Interfacing LOCA - Event V-Sequence (Section 6.1.3.3). Transient-induced
LOCAs are treated scparately in the event tree for that initiator. These initiators
include Grouped Transients, Loss of Main Feedwater, and Station Blackout.

Reactor Trip

On a Small LOCA, the RPS will generate a reactor trip signal on low pressurizer
pressure, Low DNBR (a CPC trip). Success criteria is that all but one CEA fully
inserts into the reactor core in response to a trip condition.
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’ Small LOCA Event Tree

4.3.1.2.3

High Pressure Safety Injection (HPSI)

There arc two HPSI trains, and success is defined as injection of RWT water by at
lcast onc pump via at least three of the six HPSI lines that feed the three RCS cold-
legs unaffected by the LOCA. (It is assumed the LOCA occurs in a cold-leg.) This
is the design basis of HPSI for a Large LOCA. It is a conservative requirement for

. a Small LOCA, because HPSI is only performing an inventory makeup function,

4.3.1.24

not a heat removal function. The HPSI system injects water into the RCS when
RCS pressure is below the HPSI pump shut-off head (approximately 1900 psig).

Sccondary Heat Removal
Refer to the Stcam Generator Heat Removal 'Ibp Logic fault tree, (Figure 4.3-11).

Following a Small LOCA cvent, feedwater must be supplicd to the stcam
generators in order to remove decay heat from the RCS in conjunction with the
break flow. Also, steam must be vented from the steam generators in order to
remove heat from the RCS and to prevent stcam generator overfill, Several means
to accomplish these functions exist. Each is described below. The time available
for initiating auxiliary or alternate fcedwater is dependent upon whether main
feedwater is available after the trip. If FW is available following the trip, it is

_assumed to be available for at least 30 min.

Palo Verde experience shows that if FW is available immediately post-trip, it will
remain available for a considerable length of time. The FW pumps are not
shutdown uniil a source of auxiliary feedwater is operating satisfactorily. Sce
Section 7.4 for a discussion of FW availability and dynamic 0pcrator actions
involved with Auxiliary and Altemmate Fecdwater.

xiliarv Feedwater (A

The Auxiliary Feedwater (AF) system may be actuated automatically by the
Enginccred Safety Features Actuation System (ESFAS) or started manually by the
Control Room opcrators in accordance with the safcty function flow chart in the
Emcrgcncy Operating Proccdunc The opcrator s first choice will be the Train N
AF pump if o MSIS has occurred and it functions.properly., The operator s next v
choice is the Train B clectric pump followed by the Train A wrbine-driven pump.

Only Train A and B pumps actuate automatically. Core uncovery docs not occur
for 60 min. without FW, and not for 100 min. if it is available for 30 min. However,
in order to ensurc negligible likelihood of a stuck open pressurizer safety valve
(PSV), operator action to align Train N AF pump is limited to 35 min., without FW
and 70 min. with FW. The success criterion is that AF flow must be delivered to
one stecam generator from one of the three AF pumps. - . .

1 Feedw F
If AF fails, it is still possible to deliver water to the stcam generators from the low
pressurc condensate pumps. The operator must reduce the secondary pressure to
below the shut-off head of the pumps using the Turbine Bypass or Atmospheric
Dump Valves. This dynamic human action is in the Functional Recovery
Emergency Operating Procedure, 41RQ -1ZZ10, -

For Alternate Feedwater, feeding may begin as late as the initiation of core
uncovery; however, the analysis accounts for the possibility that a stuck open PSV
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Small LOCA Event Tree

4.3.1.2.5

4.3.1.2.6

lcads to an induced Small LOCA. This implics:that credit has been taken for
fccdmg a dricd out stcam generator. Feeding a dry SG has been analyzed by
Combustion Engincering (C-E) and found to be acceptable for a limited number of
times.

The success criterion for Altemate Feedwater is that flow be delivered from one of
three condensate pumps to one stcam gencrator within. 60 min. if FW is not
initially available, or 100 min. following the loss of fcedwater. *

rhine B Val BV
The preferred means of removing secondary steam is via the TBVs, These valves

have automatic control and their usc conserves water inventory and minimizes -

unmonitored radioactive relcases due to SG tube leakage. Six of the cight TBVs
discharge to the condenser while two vent to atmosphere. The success criterion for
this clement with successful HPSI is that at least one of the eight TBVs is opened
as nceded to vent secondary steam. If a rapid de-pressurization upon HPSI failure
is nccessary, two valves are required.

mospheric Dump Valv DV‘

The ADVs are the means of SG steam relief credited in the Safety. Analysis. The
success criterion for this element is that one of the two atmosphéric dump valves is
opencd as needed to vent sicam from a SG receiving AF flow with successful
HPSL.

in m \ V.

If the ADVs and TBVs fail, the stcam genecrator pressure will increase until the
Main Steam Safety Valve setpoint of 1250 psig is reached. The MSSVs will then
begin to cycle to maintain the stcam gencrator pressure in a narrow band around
the sctpoint pressure. The success criterion is that one of the ten MSSVs opens
from'a'SGreceiving ‘AF flow: Allcmatcfochatcr cannot bé used if thie MSSV§ e
the only means of steam relicf. : .

High Pressure Safety Recirculation (HPSR)

Following injection of the RWT water into the RCS, a RAS is-generated to switch
the suction of the HPSI pumps from the RWT to thc containment sump. RAS

" occurs several hours after a Small LOCA, dcpcndmg on break 'size. The success

criterion for HPSR is that at least onc HPSI pump provides flow. from the sump to
the RCS through at lcast three cold-leg injection lines.

A

De-pressurize RCS, Inject with SITs and LPSI ‘
Refer to the Low Pressure Injection Top Logic fault tree, Figure 4.3-12.

If the HPSI system does not function-following a Small LOCA, the LPSI system

can be used to provide injection if the RCS.is first rapidly de-pressurized. This de- )

pressurization can be achieved by feeding and steaming both stcam generators
using AF and the ADVs, or TBVs at a rapid rate.

Rev. 0 4/7/92

'4.3 Event Tree Sequence Determination 4-20



" Small LOCA Event Tree

The success cn'tcn'a are:

a)

b)
c)

d)

c)

Opcralor action to start an aggressive cooldown must be initiated within
15 min. following the Small LOCA break. .

AF is supplicd to both stcam gencrators.

Steam is removed from both steam-generators using one of two ADVs on
cach generator or, if a Main Stcam Isolation Signal (MSIS) has not
occurred, at least two TBVs, ’

At Icast two of the four SITs supply water to the RCS during the cooldown
in order to keep the core covered. This is conservative, since this amount
of inventory is the design basis for the SITs for Large LOCAs.

LPSI flow is delivered from the RWT using onc of two LPSI pumps
through at least onc LPSI injection line. -

»

4.3.1.2.7 Low Pressure Safety Recirculation (LPSR)

If HPSR cannot be established and the RCS has been de-pressurized to use LPSI,
the LPSI system can be used in the recirculation mode. The success criteria for this
clement are successful switchover of at Icast onc LPSI pump suction to the
containment sump, manual restart of the LPSI pump (RAS shuts'down LPSI), and
the successful recirculation through at least one injection line.

4.3.1.3 ' Major Assumptions
The following assumptions were made in developing the Small LOCA Event Tree:

a)

b)
c)

d)

c)

If HPSI or HPSR fails, both stcam generators' must be used for sccondary
heat removal in order to depressurize the primary system below the LPSI
discharge head before core uncovery occurs. ’

All HPSI flow from one injection line goes out of the break.

Operator failure to close the RWT suction isolation valves, once the RAS .
has:opened-the sump-suction valves;does notimpact any of the-SI pumps,
since the pressure of water from the containment exceeds that from the -
RWT.

The Containment Spray system is not required for core heat removal. All
necessary core heat removal is accomplished via the stcam generators.

No credit was taken for the use of the Main Feedwater (FW) pumps to
provxdc long-tcrm secondary side heat removal. .

Hot-lcg injection is ot rcqulrcd for Small LOCAs, since RCS steammg,
which could precipitate boric acid, docs not occur for breaks within the
Small LOCA range (subcooling is rcstored).

4.3.1.4 Major Dynamic Human Actions
Two major dynamic human actions are credited for Small LOCA:

a)

b

Rapid dc-pressurization of the RCS upon HPSI or HPSR failure so that
LPSI and/or LPSR may be used.

#1’1&

_Alignment of Alternate Feedwater for sccondary cooling should AF fail,
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Medium LOCA Event Tree

4.3.2

432.1

Other important opcrator actions are assumed to be successful, such as throttling
HPSI flow when conditions so warrant and properly controlling SG stcaming and
feeding rates to maintain steady and stable heat removal. The latter is routine, and
is donc following any transicnt-induced reactor trip. Throttling HPSI applies to
Small LOCA, SGTR, and various over-cooling transicnts. Although not as routine
as controlling stcaming and feeding, it is a.well rehearsed procedure.

Medium LOCA Event Tree

The Medium LOCA cvent tree (Figure 4.3-2) applices to all reactor coolant system
ruptures inside containment that havc an cffective cquivalent break diameter
between 3.0 and 6.0 in.

A Medium LOCA encompasses a range of break size large enough to provide core
decay heat removal via the break, but for which RCS pressure does not decreasc to
the shut-off head of the LPSI pumps until several hundred seconds into the
accident. The core is quenched primarily by the SITs and the HPSI pumps. Reactor
trip is required for reactivity control.

The systems required for response to a Medium LOCA include the SITs, the High
Pressure Safety Injection system (HPSI), and the Reactor Protection system (RPS).
The HPSI pumps are also required for HPSR and hot-leg injection (HLI) during the
long-term cooling phase. After the initial injection, long-term cooling is initiated.
For Mcdium LOCAs, Shutdown Cooling (SDC) conditions cannot be cstablished.
Therefore, Large Break LOCA procedures are followed and simultancous hot and
cold-leg injection is used to cool the core and prevent excessive boron
concentration. Long-term recirculation cooling is provided by the containment
spray pumps aligned to the SDC heat exchanger. Containment Response is covered
in Scction 11. )

SequencZ: Descnptxon

5
\w«)v:ﬂ-‘.ﬁvv\eurw VAN I PPV N ¢

Followmg the initiating event, the first action called fons Rcactor'lhp, so that heat*

. from fission is terminated quickly. Failure of reactor trip is covered in detail in the

ATWS cvent tree, Section 4.3.11.

Due to the rapid de-pressurization of the RCS, the Safety Injection Tanks (SITs)
are called upon to kecp the core covered until High Pressure Safety Injection
(HPSI) can commence. SIT failure is assumed to lcad to core damage.

HPSI is required to éupply inventory makeup as well as core cooling. HPSI failure
leads to core damage.

Once the contents of the Refucling Water Tank (RWT) are injected into the RCS,
suction for thc HPSI pumps must switch to the containment sumps to establish
High Pressure Safety Recirculation (HPSR) for long-term core cooling.
Containment Spray (CS) is also required to-provide the-actual heat rejection path
through the Shutdown Cooling Heat Exchangers following establishment of sump
recirculation. This is called Containment Spray Recirculation (CSR). Failure of
cither HPSR or of CSR lcads to core damage.
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Medium LOCA Event Tree

43.2.2

4.3.2.2.1

43222

43223

43224

4.32.2.5

Because the RCS could remain in a saturated condition for an extended period of
time, boric acid would concentrate and precipitate out of solution, which would
have a detrimental effect on heat transfer. Therefore, HPSI hot-leg injection (HLI)
is required. Failure of HLI is assumed to lcad to core damage.

The accident sequences then are:

a) Failure of SITs

b) SIT success, HPSI failure

¢) SIT success, HPSI success, HPSR or CS failure

d) SIT success, HPSI success, HPSI and CS success, HLI failure

Medium LOCA Event Tree Ele;nents .

Medium LOCA Initiators
Scction 6.1.3 shows the calculations uscd in determining the Mcedium LOCA

initiating cvent frequency. The Medium LOCA initiator is a random RCS pipe
break.

Reactor Trip
Following a Mcdium LOCA, the RPS should generate a reactor trip signal on low
pressurizer pressure. *

Safety Injection Tank (SIT) Injection

The Safcty Injection Tanks provide the initial injection of borated water needed to
cool the core following a Mcdium LOCA. It is assumed that the contents of one
SIT arc lost through the RCS break. The success criterion for SIT injection is that
two of the remaining three SITs inject coolant into the two intact RCS cold-legs.

High Pressure Safety Injection (HPSI)

HPSI success is defined as at least onec HPSI pump mjects watcr via at lcast thrcc
of the six unaffected HPSI' mjccuon lines. N :

Core and Containment Heat Removal
Refer to the High Pressure Recirculation Heat Removal Top Logic fault trec,

(Figure 4.3-13)

Following injection of the RWT water into the RCS, a RAS is generated to switch
the suction of the HPSI and CS pumps from the RWT to the containment sump.
RAS also turns off the'LPSI pumps:-Recirculation of the RWT water in the
containment sump using the HPSI pumps provides long-term core cooling. The
success criterion for HPSR is that at lcast one HPSI pump provides flow from the
sump to the RCS through at lcast three of the six unaffected injection lines. (Two
injection points, onc from cach pump, arc assumed unavailable due to the pipe
break location.) Containment cooling via the Containment Spray (CS) pumps is
required in order to reduce the containment pressurc and to cool the sump water
injected into the RCS. The success criterion is the recirculation of containment
sump walter by at least onc contammcm spray pump via the train-related SDC heat
exchanger. N e
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i 4.3.2.2.6

Hot-Leg Injection

Following a period of cold-lcg injection after a Medium LOCA, hot-leg injection is
nceded to provide circulation through the core so that boron precipitation is
prevented. Between 2 and 3 hrs. post-LOCA, the operators are dirccied by the
LOCA procedure to open the hot-leg injection valves from the Control Room, The
success criteria are: the operator properly aligns the system and one of two hot-leg

-~ injection lines provides flow from an operating HPSI pump.

43.2.3

43.24

4.3.3

Major Assumptions
The following assumptions were made in developing the Medium LOCA Event
Tree: ‘

a) A col&-lcg break is assumed, with all of the related SIT and HPSI flow lost
out the break

b) LOCAs within this break range remove enough decay heat via the break
(once through cooling) so that secondary heat removal is not required

¢) If HPSI fails, HPSR is assumed to fail

d) Failurc of HPSI or HPSR (except injection valves) results in failure of hot-
leg injection because HLI relies on the HPSI system

¢) No credit is given for RCS de-pressurization for LPSI following a HPSI
failure because of the short period of time available for operator action due
to rapid voiding in the core,

Major Dyndmic Human Actions

The only major dynamic human action modeled is the operator action to align hot-
leg injection.’

Large LOCA Event Tree

The Large.LOCA: eventotree (Eigure.4:3-3)-applies-to-all-RCS ruptures-inside -
containment that have an effective break diameter greater than 6.0 in. This includes
the design basis accident, double-ended guillotine break in a reactor coolant cold-

leg pipe.

‘The Large LOCA is a severe event in which blowdown of the reactor coolant

system occurs within seconds to a few minutes. The SITs refill the reactor vessel
downcomer.and the. LPSI pumps maintain water in the reactor vessel. Because of
rapid de-pressurization, the nuclear reaction is quickly shut down due to voiding in
the core region. A reactor trip is not required for this event.

Continued subcriticality is assured by the boron concentration in the injécted water
of the SITs and LPSI system. The injection phase lasts approximately 20 min,
Following initial cooling of the core via injcction, long-term cooling is required.
For Large LOCAs, RCS pressure remains below 538 psi and shutdown cooling
conditions cannot be established.-Therefore, simultancous-hot and cold-leg
injection with HPSI recirculation (HPSR) is used to cool the.core and flush boron
from the system, with long-term sump inventory cooling performed via
containment spray recirculation through the Shutdown Cooling Heat Exchangers.
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4.33.1

4.33.2

4.3.3.2.1

43322

4.3.3.2.3

Sequence Description
Following the initiating cvent, the SITs arc immediately called upon to quench the
rapidly voiding core region. Failure of SITS Icads to carly corc damage.

If SITs arc successful, Low Pressure Safct& Injection (LPSI) is required to provide
sufficicnt makeup water to keep the core covered in the injection phase. HPSI does
not have adequate capacity to provide injection for Large LOCAs.

When the contents of the RWT have been injected, a RAS occurs switching HPSI
and CS pump suction to the containment sumps. LPSI pumps are automatically
shut down. HPSR is required to recirculate water,to the RCS, while CS is
necessary to protect containment integrity and provide the heat rejection path
through the Shutdown Cooling Hcat Exchangers.

If HPSR fails, the LPSI pumps may be available to carry out the same function. If

.LPSR also fails, the core cannot be cooled.

If HPSR and Containment Spray arc successful, Hot-Leg Injection (HLI) must be
cstablished to prevent boron precipitation. Procedures direct the operators to
initiatc HLI between 2 and 3 hrs. after the LOCA occurs. Failure to establish HLI
is assumed to lcad to core damage.

The five core damage sequences then ar:
a) SIT failure
b). SIT success, LPSI failure
¢) SIT success, LPSI success, HPSR or CS fanlurc. LPSR or CS failure
d) SIT success, LPSI success, HPSR failure, LPSR success, HLI failure
¢) SIT success, LPSI success, HPSR and CS success, HLI failure

Large LOCA Event Tree Elements

Largc LOCA-Initiatorsss s ov -+ ¢ o 00« .
Section 6.1.3 shows the calculations used to dctcnmnc the Large LOCA initiating”

.event frequency. Large LOCA is initiated by random RCS pipe breaks of at least 6-

in, equivalent diameter. Reactor vessel breaks of a size and location that are within
the capabilitics of the ECCS are included in this initiator. Containment Response is
discussed in Section 11.

Safety Injection Tank (SIT) Injection

The Safety Injection Tanks provide the initial injection of borated water needed to
cool the core following a Large LOCA. Since break location is unknown, but could
be in a cold-leg, it is conservatively assumed that one SIT is lost out the break. The
success criterion.for SIT injection is that two of the remaining three SITS inject
borated water into two intact RCS cold-legs.

Low Pressure Safety Injection (LPSI)

LPSI keeps the core covered and provides core cooling following a Large LOCA
and SIT injection until inventory losses out the break and RCS boil-off can be
matched by the HPSI recirculation coolmg The success criterion for Low Pressure
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Safety Injection is one of two LPSI pumps must dcliver flow to the RCS through at .
lcast onc of the unaffected cold-legs, which is consistent with the design basis for

the ECCS. For Large LOCAs, HPSI docs not provide sufficicnt inventory makeup

to prevent core uncovery and provides negligible cooling carly in the cvent.

| 4.3.3.2.4 Core and Containment Heat Removal using HPSR and CSR-

Reference High Pressure Recirculation Heat Removal Top Logic fault tree, (anum
4.3-13).

Following injection of the RWT water into the RCS, a RAS is generated to switch
the suction of the HPSI and CS pumps from the RWT to the containment sump.
RAS occurs approximately 20 min. after a Large LOCA. The RAS sccures the
LPSI pumps and opens the sump isolation valves so that the HPSI and CS pumps
can take suction from the sump.

The success criterion for core cooling is that at least one HPSI pump provides flow
from the sump to at least three unaffected HPSI cold-leg injection lines.

Containment cooling via the CS pumps is required in order to reduce the
containment pressure and to cool the sump water injected into the RCS. The
success criterion is the recirculation of containment sump water by at least one CS
pump via the train-rclated SDC Heat Exchanger. This is the design basis for the CS
system. Failure of containment cooling is assumed to Icad to corc damage.

4.3.3.2.5 Core and Containment Heat Removal using LPSR and CSR ‘

Reference the LPSR and Heat Removal-Large LOCA Top Logic fault tree, (Figure
4.3-14).

If HPSR is unsuccessful, it may be possible to align LPSR. LPSI pumps can be
restarted by the operator to provide Low Pressure Safety Recirculation (LPSR).
The success criterion for LPSR requires that the operator restarts at least one LPSI
pump,.which.takes suction from.the.containment-sump-and injects-into- -the'RES
through one cold-leg. This is directed by the Functional Recovery Emergcncy
Operating Procedure,

Containment.cooling via the CS pumps is required in order to reduce the
containment pressure and to cool the sump water injected into the RCS. The
success criterion is the recirculation of containment sump water by at least one CS
pump via the train-related SDC Heat Exchanger. .-

s

4.3.3.2.6 Hot-Leg Injection

Between 2 and 3 hrs. post-LOCA, hot-leg injection is initiated from the Control
Room. The success criteria are the operator properly aligns the system and at least
one of two hot-leg injection lines provides flow to the RCS from an operating HPSI

pump.
43.3.3 Major Assumptions and Dependencies se x .
The following important assumptions were made in the dcvclopmcnt of the Large ‘
LOCA Event Tree:
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4334

434

a) Due to rapid de-pressurization, the nuclear reaction is quickly shutdown
due to voiding in the core region followed by quenching with borated
water. Reactor Trip is therefore not required for Large LOCAs

b) LOCAs within this break range remove cnough decay heat via the break so
that secondary heat removal is not required

¢) Failure of HPSR due to failure of the HPSI pumps to provide flow resuits
in failure of hot-leg injection because both rely on the HPSI pumps.

Major Dynamic Human Actions
The only major dynamic human actions modeled are:

a) Align hot-leg injection
b) Utilize Low Pressure Safety Recirculation should HPSR fail.

Steam Generator Tube Rupture Event Tree

The Stcam Generator Tube Rupture (SGTR) event tree (Figure 4.3-4) applies to
the rupture of one or more tubes in one stcam gencrator causing primary coolant to
leak to the secondary side. Credible tube failures range in severity from leak rates
of a few to several hundred gallons per minute for the guillotine rupture of several
tubes. The event chosen as representative of this range is the complete severance of
a single tube, resulting in a leak rate of about 400 gpm at normal RCS and
secondary-system conditions. This choicc was made on the basis that less than
complete failure will result in much smaller leak rates, generally within the
capacity of the normal makcup system, and a fairly normal shutdown can take
place. Multiple-tube failures, on the other hand, were not explicitly addressed,
because they are much less likely, and because the success criteria for systems
called upon to respond are substantially the same as those for the failure of a single
tube. In fact, multiple-tube failures may aid in de-pressurizing the RCS, a
necessary action in recovering from a tube failure.

~

A stcam gencrator tube rupture cvent begins as a breach of,the primary, coolant
barrier between the RCS and the secondary side of the steam generator. Primary
system pressure (nominally 2250 psia) is initially much greater than the stcam
gencrator pressure (nominally 1070 psia), so RCS water flows from the primary
into the sccondary side of the affected steam generator at approximately 400 gpm.
If leakage exceeds the capacity of the Charging system, 132 gpm (CVCS), RCS
inventory will continue to decrease and eventually an automatic reactor trip signal
on low pressurizer or loss of subcooling will occur.

Following the reactor trip, corc power rapidly decreases to decay heat levels, steam
flow to the turbine is terminated, and the Turbine Bypass Valves (TBVs) actuate to
dump stcam to the condenser to establish no-load coolant temperatures in the
primary system. If the Turbine Bypass system is unavailable, MSSVs would lift to
relicve steam pressure. The Feedwater Control system throttles FW flow in
response to the reduced steam flow. If FW flow is interrupted, the AF sysiem
would be automatically actuated on low stecam gencrator level or it could be
manually actuated. Eventually, manual action is required to adjust AF flow to
maintain proper level in the stcam generators. If, at this point, the TBVs were
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unavailable, the operators would open onc ADV on cach steam generator to initiate
plant cooldown. ‘

A SIAS occurs on low pressurizer pressure shortly after the reactor trip. On SIAS,
two of the four RCPs (one in cach loop) would be manually tripped. If RCP
operating limits were not met or if subcooling were lost, the remaining two RCPs
would also be tripped. (Two of the RCPs would be restarted if and when restart
criteria were met.)

Following reactor trip, initiation of plant cooldown, and safety injection, the
operators would identify and isolate the stcam generator with the tube rupture.
Indications used to identify the ruptured generator arc blowdown process radiation
monitor alarms and main steam line arca radiation alarms. Chemical analyses for
radionuclides and boron in the secondary water are used for confirmation. The
actions involved in isolation include closing the appropriate MSIVs, ADVs and
MFIVs, Steam generator blowdown and steam drains are verified to be isolated by
SIAS. (SG blowdown is later used to reduce/control SG level.)

Operators must also act to stabilize the RCS and cooldown, and de-pressurize it to
a pressure slightly above the pressure in the ruptured stcam generator to minimize
or terminate the flow of reactor coolant to the ruptured SG. RCS pressure is kept
slightly above that in the ruptured gencrator to prevent reverse flow and potential
dilution of boric acid in the RCS and to maintain subcooling. The RCS is cooled
down by secondary heat removal via the intact stcam generator. The pressurizer
main spray (if the RCPs arc running), auxiliary spray, or pressurizer vents can be
uscd for RCS pressure control and de-pressurization. When pressurizer level and
subcooling requircments are met, the operator would throttle the HPSI flow to
prevent repressurizing the RCS and increasing the leak rate to the secondary
system,

After the ruptured SG is isolated, its level will continue to increase as long as there
is a non-zero leak rate. To prevent overfilling the affected SG, it will be necessary
to occasionally drain the stcam generator via the blowdown system or, if the
blowdown sysiem is,unavailable, dump. stcam. to the. condcnscr. if the TBVs are
available, or to the atmosphere using the ADVs, '

With the RCS stabilized and the ruptured gencrator isolated, the RCS will be
cooled down and de-pressurized to shutdown cooling entry conditions (350° F and
400 psia). The Shutdown Cooling system would be aligned and started, and the
plant would be taken to cold shutdown. During the cooldown to shutdown cooling
entry conditions, the RWT and Condcnsate Storage Tank (CST), levels must be
monitored to ensure adequate inventory for the cooldown. If during the transient
RCS, pressure cannot be reduced within approximately 20 hrs., RWT water would
be depleted.

4.3.4.1 Sequence Description ‘
Reactor trip is demanded first following a SGTR. Breaks up to 3.0 in. in diamcter |
do not pass cnough water to remove core decay heat. Secondary cooling is |
therefore required. RCS pressure is not expected to drop to the Safety Injection 1
Tank pressure; early core uncovery is not expected. If reactor trip is successful,
HPSI is required for RCS inventory makeup. If HPSI fails, operator action to ‘
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4.3.4.2

4.34.2.1

4.34.2.2

cooldown and de-pressurize the RCS through a rapid secondary cooldown by
stcaming and feeding both stcam generators is necessary. (Sec the Low Pressure
Injection Top Logic fault tree, Figure 4.3-12). Failure to de-pressurize results in
core uncovery. If de-pressurization is successful, shutdown cooling is called for to
allow complete RCS de-pressurization (by bringing the plant to cold shutdown),
thus terminating the loss of coolant to the sccondary side. If shutdown cooling
fails, low pressure injection can continue indefinitely, provided the RWT is
refilled. Failure to refill the RWT leads to core damage.

If HPSI is successful, cooling the intact steam generator is necessary for decay heat
removal. If the intact SG cannot be cooled, core damage results, since insufficient
heat is removed through the ruptured tube, and cooling via the ruptured SG is not
credited.

With successful heat removal from the intact SG, the ruptured SG must be isolated
and stabilized at a pressure less than the MSSV setpoint (1250 psig) to stop the loss
of RCS inventory. If this is not successful, the RCS must be de-pressurized to
shutdown cooling entry conditions in order to terminate the leak. If SDC cannot be
successfully achieved, core damage can still be averted by refilling the RWT to
maintain long-term inventory control.

The six core damage scquences then are:

a) Failure of Reactor Trip, HPSI failure
b) HPSI failure, RCS de-pressurization failure

¢) HPSI failure, successful RCS de-pressurization with LPSI injcé:tion,
failure of shutdown cooling, failure to rcfill the RWT

d) HPSI success, failure to cool the intact SG

¢) HPSI success, successful cooling of intact SG, failure to isolate ruptured
SG, failure to de-pressurize for SDC, failure to refill RWT

f) HPSI success, successful cooling of the intact SG, failure to isolate the
* ruptured SG; sticcéssful 'de-pressurization, failure of SDC, failure to refill*
thc RWT.

SGTR Event Tree Elements

Steam Generator Tube Rupture Initiators

Steam generator tube ruptures include the failure of one or more steam generator
tubes in onc steam generator, such that the total leak flowrate exceeds the capacity
of the charging system (132 gpm). See Section 6.1.3 for a discussion on
determination of SGTR frequency.

Reactor Trip

On a SGTR, the RPS will generate a reactor trip signal on hot-leg saturation (CPC
trip), low DNBR, or low pressurizer pressure. Failure to trip with HPSI success is
treated under the ATWS event tree. Failure to trip with HPSI failure is an early core
damage scquence.
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4.3.4.2.3 High Pressure Safety Injection (HPSI)
There are two HPSI trains. Success is defined as injection of RWT water via one of
cight HPSI lines. The HPSI starts to inject water into the system when the RCS
pressure falls below the HPSI pump shut-off head (approximately 1900 psig).

4.3.4.24 Secondary Cooling to Intact SG
See the Stcam Gencrator Heat Removal Top Logic fault tree, Figure 4.3-11

Following the reactor trip, the operators will respond by establishing flow to both
SGs using AF and vent steam via the TBVs, if available, or the ADVs until the
ruptured stcam gencrator is identificd and isolated. From that point, feeding and
stcaming will only be done with the intact SG. Use of the ruptured SG could result
in a releasc of radioactive material to the environment even without core damage.
The Emergency Procedures do not address using the ruptured stcam generator for
plant cooldown. Each of the possible means of fecding and steaming the intact SG
is described below:

uxiliary Feedw A
The success criterion for AF is defined as flow established to the intact SG from at
lcast one of the threc AF pumps within 35 min. (Sec Section 4.3.1.2.4 for a more
complete discussion.)

Alicrnate Feedwater System (ANFW)

If Auxiliary Feedwater is not available, it may be possible to deliver water to the
intact stcam generator from the low pressure condensate pumps. The operator will
have 1o reduce the secondary pressure to below 500 psig using the TBVs or ADVs.
The actions required to align Altemate Feedwater are described further in Section
7.4. The success criterion for Altemate Feedwater is defined as the delivery of flow
from one of the low pressure condensate pumps to the intact SG within 60 min.
(Sce Scction 4.3.1.2.4 for a more complete discussion.)

rbine B s Valv BV
Thie preféricd path for venting steam is through the TBVs to the condenser in order
to minimize radioactive relcases to the environment and conserve sccondary
coolant. The TBVs are not credited if a Main Steam Isolation occurs, although
procedurally, the operators would attempt to restore this means of cooling. The
success critcrion for the TBVs is that at least onc of eight TBVs operates. (Use of
one of the six valves to the condenser is preferred.)

A heric Dump Valves (ADVS) - . - - ,

If the TBVs fail or are unavailable, steam can be vented using the ADVs. These
valves are remotely controlled from the Control Room. The success criterion for
this clement is that one of two ADVs on the intact steam generator opens to vent
stcam,

4.34.2,5 De-pressurize RCS, Inject With SITs and LPSI
If, following an SGTR cvent, the HPSI system docs not function, the LPSI system
can be*used to provide injection if the primary system can be rapidly de-
pressurized. To achieve this, both steam generators must be used. This will result
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in higher atmospheric radioactive releasces, but will prevent core uncovery. Refer to
Figure 4.3-12, Low Pressure Injection Top Logic Fault Tree.

The success criteria for this element are:

a) Opcrator action to start an aggressive cooldown is initiated within 15 min.
of the SGTR

b) AF is supplicd to both SGs

c) Steam is removed from both SGs using one of two Atmospheric Dump
Valves on each SG or two of eight TBVs

d) LPSI flow is delivered from the RWT using one of two LPSI pumps
through at least one LPSI injection liné

¢) Atlecast two of four SITs supply water to the RCS during the cooldown in
order to keep the core covered during de-pressurization.

4.3.4.2.6 Rupturcd Stcam Generator Isolated

This event is unique to the SGTR event tree. It includes all sequences where,
following a SGTR, the operator fails to control and cventually stop the leak of the
RCS inventory into the ruptured SG. It is also includes secondary lcaks, such that
a continuous blowdown of the ruptured stcam gencrator results. In the latter case,
it will not be possible to minimize the pressure differential between the RCS and
SGs. If the operator is able to stop the RCS leak, then no further actions or system
responses are required to prevent core damage. If the operator is unable to stop the
RCS lcak, then the operator would eventually run out of RWT inventory. Once
HPSI has no RWT watcr to inject, core uncovery will eventually follow. In order to
prevent this, the operator will be forced to reduce the RCS pressure and go on
Shutdown Cooling or refill the RWT to continuc HPSI.

The following paragraphs list the success criteria for proper response to a SG tube
rupture, Refer to Figure 4.3-15 for the Unisolated Leak During SGTR Top Logic
fault tree.

RCS De-pressurization-» ~+ -
The success criteria for reducing RCS prcssure arc:

a) The operator properly throttles HPSI based on maintaining satisfactory
subcooling and controlling pressurizer level, and utilizes both RCS and
SG pressure control systems to reduce SG pressure to less than the MSSV
setpoint of 1250 psig

b) SG pressure control systems function properly, i.e., one of two ADVs or
one of eight TBVs opens on demand . + "

¢) RCS pressure control systems function properly, i.e., one of two Class 1E
Pressurizer Auxiliary Spray valves, and at least one Charging Pump or the
Class 1E Pressurizer Vent valves.

Ruptured SG Isolated

A ruptured SG is isolated by closmg thc MSIVs and by ensuring that the ADVs
and the MSSVs remain closed. The credible failure modes that result in an isolated
ruptured SG are: a failure to close the MSIVs due cither to mechanical faults or
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4.3.4.2.7

human error, or failure of either an ADV or a MSSV to reclose after opening.
Spurious open failures of the ADVs and MSSVs arc not modeled because of the
small probability of such an event occurring during the SGTR. Situations where
the ruptured SGs ADVs, or MSSVs are demandced and fail to reclose are more
likely and therefore were considered, such as when TBVs fail or a spurious MSIS
occurs prior to RCS cooldown to a point where secondary pressure is less than the
MSSYV setpoint.

The success criteria for isolating the ruptured SG are:

a) If TBVs arc unavailable, both ADVs and any MSSVs, which opened on a
pressure transient, re-close

b) Both MSIVs close on demand

¢) Operator properly isolates SG per procedure, specifically closing the
MSIVs. '

Level Controll fier Isolati
The Control Room operators are instructed, per the Steam Generator Tube Rupture
recovery procedure, to isolate the ruptured SG and then use blowdown to keep the
SG level below 90% wide range. In the event that blowdown fails, the operator
would probably not open the MSIV and would thus only have the option of using
the ADVs to prevent overfilling the SG. If the operator falls to use the ADVs, it is
assumed that the SG cventually will overfill.

On a SG overfill, two events could occur that would unisolate the SG. First, the
stcam lines, which are not designed to carry water, could break under the dynamic
forces of the water in the linces. (However, this was determined to have a low
conditional probability of 1E-3/cvent in NUREG-0844 Scction 3.4.1.) Second, if
the stcam linc does not rupture, then water would relieve through the MSSVs,
Since the MSSVs arc designed for stcam relicf, one of the MSSVs could
cventually fail open duc to the water relief. It was therefore conscrvativcly
assumed that the ruptured SG becomes unisolated with a probablhty of 1.0onaSG
overfill. . . : .

The success criteria for preventing SG overfill are:

a) The operator initiates blowdown prior to overfill and
b) The blowdown system is available and operates properly;
or
a) The opcrator utilizes ADVs to stcam the rupturcd stcam gencrator and
b) Oncof thc two ADVs on the ruptumd SG operates on demand.

De-pressurization to SDC Entry Conditions

If the RCS leak to the ruptured SG continues, the Control Room operator will
attempt to go onto shutdown cooling. In order to perform this action, it is necessary
to de-pressurize and cool the RCS to 350° F and 400 psia. Without the required
RCS pressure control, this cannot be performed. To provide successful RCS de-
pressurization, cither the ADVs or TBVs on the intact SG must be used and
pressurizer pressure control must be available to meet the HPSI throttle conditions.
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~ . On natural circulation, with the Auxiliary Sprays operating and AF to the intact
. SG, the RCS can be brought down to SDC entry conditions within about 8 hrs.
Even using pressurizer vents for primary pressure control, the RCS could be
cooled to SDC within 8 hrs. An additional 8 hrs. would be required on SDC to

complete the cooldown to 212° F and completely de-pressurize.

On a failure to establish RCS pressure control, the operator would be required to
refill the RWT with borated water in order to continue RCS makeup via HPSI.

4.3.4.2.8 Shutdown Cooling
Shutdown Cooling is required following sequences involving HPSI failure and on
failure to terminate the RCS leak. The SDC system utilizes LPSI pumps with a
shutdown cooling heat exchanger (SDCHX). To align one LPSI pump, the
operator must open three SDC isolation valves and align the LPSI discharge
through the train-relatcd SDCHX.

The success criterion for SDC is successful hlignmcnt of at lcast onc LPSI pump
through the train-relatcd SDCHX to at least onc injection header.

4.3.4.29 Rcfill the RWT

If there is an unisolable path from the ruptured SG and SDC is not successfully
achicved, there will be continuous leakage from primary to secondary. This
lcakage will eventually deplete the RWT inventory. Deplcetion of the RWT
inventory will lead to core uncovery and core melt, since coolant lost via the tube
rupture does not find its way to the containment sumps. To prevent this, the RWT

‘ inventory must be replenished. However, the RWT contains at least 600,000
gallons; its depletion is unlikely before any necessary equipment repairs could be
done.

Additional inventory can be supplicd to the RWT from the Spent Fuel Pool via the
Boric Acid Makeup Pumps, from the Hold-up Tank via the Hold-up Tank Pumps,
from the Reactor and Equipment Drain Tanks using the Reactor Drain Pumps, or it
can be batched using the boric acid batch tank with the Reactor Makeup Water
Pumps supplying-water from' the‘Reactor Makeup Water Tank. Sitice thé fastest
and casicst method of replenishing the RWT is to take inventory from the Spent
Fuel Pool, this is the only makeup means credited. The Spent Fuel Pool has 33,500
gallons of borated water, which can be delivered to the RWT at 165 or 330 gpm (1
or 2 pumps).

|

‘ 4.3.4.3 Major Assumptions and Dependencies

‘ The following important assumptions were made in the development of the SGTR
cvent tree:

a) The operators will not establish secondary heat removal using the faulted
stcam gencerator even if the intact SG cannot be used

b) If the ruptured SG is not isolated and RCS and SG pressure control is not
established, then shutdown cogling entry conditions cannot be established;
therefore, long-term cooling must be maintained via secondary heat
removal and the RWT must eventually be refilled in order to continue

‘ HPSI
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4.3.4.4

4.3.5

6) If Auxiliary Fecedwater is unavailable, the intact SG must be de-
pressurized to less than 500 psia to use the condensate pumps to supply
feedwater

d) If HPSI and AF arc not available, there is insufficient time to establish
condensate feedwater flow before core uncovery

¢) No credit is taken for the FW pumps to provide secondary side heat
removal

f) If the RCS is rapidly de-pressurized for LPSI due to the unavailability of
the HPSI system, pressurizer spray or vents are not needed for RCS
pressure control, because RCS pressure and temperature will be within the
limits of shutdown cooling entry conditions

g) If the ruptured SG is allowed to overfill, it is conservatively assumed that
it becomes unisolated.

Major Dynamic Human Actions
The following major dynamic human actions are explicitly modeled within the
cvent tree and fault trees:

a) Alignment of Altematc Feedwater upon failure of Auxiliary Fecdwater
b) Rapid de-pressurization of the RCS to use LPSI upon failurc of HPSI

c) Refilling the RWT if injection must be continued long-term due to RCS
de-pressurization failure or SDC system failure.

Large Steam (Secondary) Line Break Event Tree
The Large Stcam Line Break Event Trec is shown in Figurc 4.3-5.

Large sccondary side breaks are characterized as rapid cooldown events due to
incrcased stcam flowrate, which causes excessive heat removal from the stcam
generators (SG) and the reactor coolant system (RCS). This results in a decrease in
reactor coolant temperature and pressure. The cooldown causes an increase in core
reactivity due'to the negative modérator and Doppler réactivity coefficients. Only
unisolable breaks in the main stcam lines and downcomer fecdwater lines are
included in this event. (Large breaks in the economizer lines and blowdown lines
arc not included in this cvent, since plant response is fundamentally different.
These are covered in Scction 4.3.6 Feedwater Line Breaks.)

A large stecam line break will be indicated by pressurizer and SG low pressure
alarms, high rcactor power alarm, and by the low SG water level alarm. A reactor
trip following a stcam line break is caused by any onc of these reactor trip signals.

The de-pressurization of the stcam generators results in the actuation of a Main
Steam Isolation Signal (MSIS). This closes the MSIVs, isolating the affected and
the unaffected steam generators from each other and closes the main feecdwater
isolation valves (MFIVs), terminating main feedwater flow to both steam
gencrators. After the reduction of stcam flow that occurs with a MSIV closure, the
level in the intact stecam generator falls below the Auxiliary Feedwater Actuation
Signal (AFAS) setpoint. The resulting AFAS causes AF flow to be initiated to the
intact stcam gencrator. The AFAS logic prevents feeding the affected steam
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43.5.1

generator due to its lower pressure. Meanwhile, pressurizer pressure decreases to
the point where a Safety Injection Actuation Signal (SIAS) is initiated to start
HPSI. The isolation of the unaffected steam gencrator and subsequent emptying of
the affected steam gencerator terminate the cooldown. The introduction of borated
RWT water via HPSI causes core reactivity to decrease, thus ensuring that a return
to criticality is not experienced should a stuck control rod (CEA) occur. The
Control Room operators will initiate plant cooldown by manual control of the
ADVs or, if off-site power is available, by opening the MSIV bypass valves
associated with the unaffected stcam generator and using the turbine bypass valves
to relieve stcam any time after the affected sicam generator empties.

For this analysis, the location of the break, inside containment, or outside
containment, is not considercd important because plant and operator responses
with respect to core melt prevention will be similar. The primary differences relate
to containment effects, availability of containment safeguards systems, and
potential release paths. Containment Response is discussed in Section 11,

Sequence Description

Following the initiating cvent, the first action called for is Reactor Trip so that heat
from fission is tcrminated quickly. Failure of reactor trip is covered in detail in the
ATWS cvent tree. Success criteria for the reactor trip include a trip signal is
properly generated and all but one CEA fully inserts into the core,

Retum to criticality is possible late in the fuel cycle if the most reactive CEA fails
to inscert. The next event in the trec asks whether a CEA sticks out, which
determines whether boration via HPSI is required. Following the initial rapid
cooldown, long-term dccay heat removal is required. This cvent includes only
Auxiliary Fecdwater and Main Steam Safety Valves or Atmospheric Dump Valves
for stcaming. If secondary cooling fails, HPSI is called upon for added inventory to
act as a temporary heat sink until a backup means of heat removal is established.
Failure of HPSI is assumed to lead to corc damage for a stuck CEA.

If HPSI is successful following failed sccondary cooling, a backup mcans of
sccondary cooling: uuh7cs'Altcmatc Fccdwatcr Brecay e : L

If secondary cooling is initially successful following a stuck CEA, HPSI is called
upon for rcactivity control. Failurc of HPSI is assumed to lead to core damage.

If a stuck CEA did not occur, but secondary cooling fails, time can be gained for
aligning Alternate Feedwater by injecting cool water into the RCS via HPSI. If
HPSI is unsuccessful, it is assumed insufficient time is available for implementing
Alternate Feedwater and core damage results.

The corc damage sequences then are:

a) Stuck Rod, Sccondary Cooling failure, HPSI failure

b) Stuck Rod, Secondary Coolmg fallurc. HPSI success, Alternate Feedwater
failure .

¢) Stuck Rod, Secondary cooling success, HPSI failure
d) No stuck rod, Sccondary cooling failure, HPSI failure
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4.3.5.2

4.3.5.2.1

4.3.5.2.2

4.3.5.2.3

43524

¢) No stuck rod, Sccondary cooling failure, HPSI success, Alternate
feedwater failure

Large Secondary Line Break Sequence Elements

Large Sccondary Line Break Initiators

Large secondary side breaks include large main steam line piping breaks up to and
including double-ended guillotine breaks, feedwater downcomer line breaks, and
spurious openings of multiple MSSVs, ADVs, or TBVs. Piping breaks inside or
outside of containment are included in this category. The spurious opening of a
single MSSV, ADV, or TBV and small steam line breaks are not covered in this
event tree, but are included in the Grouped Transients Event Tree analysis.
Feedwater economizer line and steam generator blowdown line ruptures are
covered under the Feedwater Line Break Event Tree, Section 4.3.6.

Reactor Trip

On a sccondary line break, the RPS will gencrate a reactor trip signal on any of a
number of trip signals. Failurc of reactor trip is trcated under the ATWS event tree.
Reactor trip is considered to be successful if no more than one CEA sticks out. This
is adequatce negative reactivity for all analyzed events gxcept Large Secondary
Line Breaks, thus the following event is necessary.

No Stuck CEA

Following a large sccondary line break, an overcooling transicnt causes a positive
reactivity feedback. At the end of core life, there is a chance that if the CEA with
the most reactivity worth does not insert into the core, the reactor could return to -
power unless boron injection into the RCS succeeds. This clement in the event tree
is actually a single probability, and as such docs not appear in the fault tree logic.
This cvent probability is derived in Scction 6.2.5.

Secondary Cooling (flow from Auxiliary Feedwater)
Refer to the Steam Generator Heat Removal Top Logic fault tree, Flgurc 4, 3 11.

Following a secondary side break event, Auxiliary Feedwater must be supplied to
the intact steam generator in order to remove decay heat from the RCS. The
success criterion for this clement requires that Auxiliary Feedwater flow be
delivered from at least one of the three auxiliary feedwater pumps to the intact SG.

L3

Steam must be vented from the intact steam generator in conjunction with the
supply of AF flow. The following scctions describe the two methods of secondary
stcam removal. No credit for TBVs is given, since an MSIS occurs early in the
sequence on low SG pressure.

Atmospheric Dump Valves (ADVS)

Following a secondary side break, the preferred means of removing stcam from the
intact stcam generator is via the ADVs to avoid cycling the MSSVs. The success
criterion for ADVs on the mlacl SG is that onc of the two ADVs operates on
demand.
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4.3.5.2.5

4.3.5.2.6

4.3.5.3

4.3.54

4.3.6

i 1 MSSV
If steam is not vented through an ADV, steam relicf will be through one of the ten
SG's MSSVs. The success criterion for this element is that one of ten MSSVs on
the intact stcam gencrator opens.

High Pressure Safety Injection (HPSI)

Due to the cooldown, the RCS volume shrinks substantially. HPSI is automatically
initiated on low pressurizer pressure and injects sufficient borated water to prevent
a return to power. The success criterion for boration is delivery of RWT water from
at least onc of two HPSI pumps through.at Icast onc of eight HPSI injection lines
to the RCS.

If the AF system fails with or without a stuck CEA, the HPSI system will provide
sufficient inventory to the RCS during the initial cooldown so that 1 hr. is available
to align the condensate pumps to deliver Alternate Feedwater to the intact steam
generator. The success criterion for makeup is the same as for boration.

Sccondary Cooling (flow from Alternate Feedwater)

As stated carlicer, if sccondary cooling via AF fails, the Condensate Pumps can be
aligned to supply feedwater. TBVs are not credited for steaming due to the Main
Stcam Isolation.

Major Assumptions and Dependencies

a) Itis conservatively assumed that HPSI is required for any stuck CEA at
any time during a fuel cycle

b) Certain routine or well proceduralized and practiced human actions, such
as throttling AF or HPSI flow and control of stcaming rate, are assumed to
be successful

¢) If Auxiliary Feedwatcr is unavailable, the secondary system must be de-
pressurized to less than 500 psig to usc the condensate pumps to supply
feedwater. The MSSVs cannot de-pressurize the system, and the ADVs

must be available~. .- . - . N
d) HPSI flow through any path rcaches the RCS, i.e., no assumed flow
through a break as in LOCA

¢) Only the intact SG is credited for long-term decay heat removal.

Major Dynamic Human Actions
Two recoveries arc modcled: :
a) Override'MSIS to usc the Train N AF pump to feed the intact SG

b) Align Altemate Feedwater upon failure of AF,

Large Feedwater Line Break

The Large Feedwater Line Break cvent tree (Figure 4.3-6) shows the sequence of
cvents following a rupture of an cconomizer line or blowdown lin¢ that is
unisolable from the stcam generators. These events are very similar to loss of
feedwater transients. Indications would include rising RCS temperature, a stcam
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4.3.6.1

4.3.6.2

4.3.6.2.1

flow/fced flow mismatch, possibly low pressure in the feedwater system and
decrecasing steam gencrator water level in both SGs, because feedwater will
preferentially flow out the break (path of least resistance). A reactor trip could
result from a number of conditions depending on break size, including high RCS
temperature (CPC-initiated), high pressurizer pressure, high containment pressure,
or low steam generator water level. A Main Steam Isolation Signal (MSIS) will be
gencrated when either the affected stcam generator de-pressurizes at the end of
blowdown or when the high containment pressure setpoint is reached. High
containment pressure will also bring in Containment Isolation/Safety Injection.
The MSIS will isolate the stcam generators. Auxiliary Feedwater Actuation will
occur for both stcam generators, but the AFAS logic will not allow flow to the
ruptured stcam generator after a 150 psi pressure differential develops between the
two SGs. From this point on, only the intact stcam generator is available for heat
removal. Containment Response is treated in Section 11,

Sequence Description

Following the initiating cvent, a reactor trip is necessary to terminate heat
generation from fission as soon as possible, as this is a heatup cvent. After
successful reactor trip, secondary cooling is called for both to remove the excess
stored energy resulting from the heatup and to remove subscquent decay heat.
Only AF is credited for a water source, and MSSVs and ADVs are credited for
stcaming the intact stcam generator. Failure of secondary cooling leads to core
damage.

If sccondary cooling is successful, RCS integrity is questioned, since pressurizer
safcty valves lift to mitigate the pressure transicnt in the RCS. If one or more does
not reseat, an induced Small LOCA results, and HPSI will be required for
inventory makeup. No credit is taken for RCS de-pressurization for low pressure
safety injection, so HPSI failure is assumed to lead to core damage.

If HPSI is successful, the RWT contents will all cventually be injected into the
RCS, and a RAS will be gencrated. Unsuccessful transition to HPSR leads to core
damage.” ‘ L : .

The three core damage sequences then are:

a) AF failure
b) AF success, RCS integrity failure, HPSI failure .
¢) AF success, RCS integrity failure, HPSI success, HPSR failure.

A ? ¥y N ]

Large Feedwater Line Break Sequence Elements

Large Fecdwater Line Break Initiators

Economizer feedwater line breaks downstream of the last check valve prior to the
stcam generator fall into this catcgory, along with breaks in the blowdown piping
up to the inside-containment isolation valve. Fecedwater line breaks upstream of the
last check valves are isolable and thé event is the same as a loss of fecdwater; i.e.,
a stcam generator does not blow down and both'stcam generators are subsequently
available for heat removal. Although the pcak RCS pressure achicved is a function
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4.3.6.2.2

4.3.6.2.3

4.3.6.2.4

4.3.6.2.5

4.3.6.2.6

4.3.6.3

of break size, it was conservatively assumed that any event in this category causes
pressurizer safety valves to lift.

Reactor Trip

In the event of a feedwater line or blowdown linc break, RPS will gencrate a
reactor trip signal on any one of several parameters. Failure of reactor trip is treated
under the ATWS Event Tree, Scction 4.3.11.

Secondary Cooling (Auxiliary Feedwater)

Auxiliary Feedwater is required to remove decay heat, whether or not a Small
LOCA results due to a pressurizer safety valve failing to rescat. The success
criterion for AF is that one of three Auxiliary Feedwater pumps delivers flow to the
intact steam gencrator.

Following a large secondary line break, steam must be removed from the
unaffected stcam generator in conjunction with the supply of AE The following
scctions describe the two methods of stcam removal modceled.

Atmospheric Dump Valves (ADVs)

Following a sccondary side break, the preferred means of removing steam from the
unaffected steam gencrator is via the ADVs to avoid cycling the MSSVs. The
success criterion for ADVs on the intact SG is that one of the two ADVs operates
for stcaming.

in Steam Safety Valves (MSSV
If the ADVs on the intact SG fail, stcam relicf will be through one of the ten SG’s
MSSVs. The success criterion for this clement is that one of ten MSSVs opens on
the intact stcam gencrator.

RCS Integrity -
The heatup associated with this event lcads to lifting of the pressurizer safetics

carly in the transicnt. If one or morc docs not rcscat properly, an mduccd Small
LOCA I‘CSUIIS s g WUEY B a b A ) a w e o .o ! . . =

High Pressure Safety Injcction (HPSl)

If an induced Small LOCA occurs, HPSI is required for RCS inventory makeup.
The success criterion is that one of two HPSI pumps delivers flow through at lcast
three injection lines to the RCS.

High Pressure Safety Recirculation (HPSR)

For long-term RCS inventory control, high pressure recirculation is necessary once
the Refueling Water Tank (RWT) inventory is depleted and a Recirculation
Actuation Signal occurs. The success criterion for HPSR is that one HPSI pump
successfully transfers its suction source to the containment sump and provides
recirculation through at least three HPSI lincs.

t
B

Major Assumptions

The following important assumptions were made in development of the Large
Fecdwater Line Break event tree: °
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a) Unlike most other initiating events, no credit is taken for aligning
Altemate Feedwater if AF fails, Feedwater line break is a heatup event,
which also lcads to some loss of RCS inventory through pressurizer safety
valves. A large fraction of the SG inventory is blowdown followed by a
MSIS, which isolates Main Fecedwater and one AF pump. All this leads to
a much shorter time available to initiatc feedwater to avoid core damage
than allowed by the modeling used for the Altemnate Feedwater alignment

b) TBVs are not crcditeﬁ for stecaming due to the MSIS, although operators
.could override MSIS and stcam the intact SG

¢) All events of this type lead to pressurizer safety valves lifting, although the
peak pressure is a function of break size

d) No credit is taken for operator action to de-pressurize the RCS for Low
Pressure Safety Injection if HPSI fails, because feeding and steaming both
SGs is required.

4.3.6.4 Major Dynamic Human Actions
No major dynamic human actions arc modcled for Fecedwater Line Break.

4.3.7 Grouped Transients Event Tree

The Grouped Transicnts event tree, shown in Figure 4.3-7, is used for a diverse
group of initiators that initially require only SG cooling and stcam relief to mitigate
the transient. The event tree also models the possibility that an initiating event
could causc a Small LOCA through failure of the RCP shaft seals or failurc to
close a Pressurizer Safety Valve following a demand.

The initiators for which this event tree pertains cause a reactor trip, at which time
Auxiliary Fecdwater is demanded. Main Feedwater may be available initially and
can provide time for operators to establish long-term fecdwater supply. For most of
the initiators, the event is terminated once a long-term source of feedwater is
established to the SGs and stcam relief is successful.

For thosc cvents which could induce a Small LOCA via the means mentioned
carlicr, the HPSI and HPSR systems arc required to avoid core damage. The use of
LPSI and LPSR on a loss of HPSI are not credited in the present model.

4.3.7.1 Sequence Description . P

After any one of the transient initiating events, a reactor trip is called for. After
reactor trip, secondary cooling is required. Failure of secondary cooling leads to
corc damage.

Upon successful sccondary cooling, RCS integrity is questioned. Certain events
may lead to lifting of pressurizer safcty valves, which may not reseat. Other events
may cause loss of RCP seal cooling and seal injection, which may in tumn lead to
RCP scal LOCA. If RCS integrity is lost, HPSI is required for inventory makeup to
the RCS. No credit is taken for depressurizing the RCS for Low Pressure Safety
Injection if HPSI fails. Failure of HPSI, therefore, leads to core damage.
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4.3.7.2.1
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4.3.7.2.3

If HPSL is successful, recirculation from the containment sump must cventually be
cstablished. Failure of High Pressure Safety Recirculation (HPSR) lcads to core
damage.

The threc core damage sequences for all transient events are:

a) Failure of Sccondary Cooling (AF and AILFW)
b) Sccondary Cooling succéss, RCS integrity failure, HPSI failure

¢) Sccondary Cooling success, RCS mtegmy failure, HPSI success, HPSR
failure.

4

Grouped Transients Sequénce Elements

Grouped Transient Initiators

Grouped Transient initiators include all initiators for which the basic plant
response is a reactor trip with RCS heat removal satisficd by delivery of auxiliary
or altcrnate feedwater and stcam removal via the ADVs, MSSVs, or the TBVs.
These initiators include turbine or generator protective trips, spurious MSIV
closurcs, CEA drops, spurious manual or automatic reactor trips, RCS flow
reductions, partial losses of power events, RCS parameter pcnurbauons leading to
a trip, loss of room cooling events (HVAC),.loss of instrument air, and loss of
cooling water systems. Section 4.1 further describes these events. Loss Of Off-site
Power, although it uscs this tree, is treated scparately in Section 4.3.9.

Reactor Trip -

On a transicnt initiating cvent, the RPS w:ll generate a reactor trip signal, Failure
of the reactor to trip is treated under the ATWS Event Tree, Scction 4.3.11.

Secondary Cooling

Following the transicnt.and reactor, trip, secondary.cooling must be supplied.to the
stcam generators in order to remove decay heat from the'RCS«Systems for
supplymg feedwater and venting steam are discussed below, However, ot every
system is available for cach transient covered by this tree. For example, AUFW is
not available if off-sitc power is lost. Those options available for cach transicnt arc
determined in the fault tree logic when the initiating event sequences are
quantificd. Refer to the Steam Generator Heat Removal Top Loglc fault tree,
Figure 4.3-11, .

-

The success criterion for AF is that flow must be delivered from one of the three
auxiliary feedwater pumps to at least one steam generator within 35 min,, if FW is
not available after the trip or within 70 min. if it is available. Sec Scction 7.4 for a
discussion of FW and time available to establish AF or AUFW flow.

The Control Room operators will most likely attempt to start the non-cssential
(Train N) AF pump prior to stopping FW and rcceiving AFAS on those events
where FW is not lost because of the initiator.
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If AF fails, it may be possible to deliver water to the stcam gencrators from the low
pressurc condensate pumps. The operator would have to reduce the secondary
pressure to less than 500 psia using the turbine bypass or atmospheric dump

valves. The success criterion for Altemate Feedwater is that flow is supplied from
onc of the three condensate.pumps to at least one SG within the required time

§ N following the reactor trip.. No credit is taken for local manual operation of the
; ADVs and TBVs, so if they fail, AIFW cannot be uscd. /
; , inc B V. BV

‘ In addition to supplying fecdwater to a SG, steam must be vented in order to
remove RCS decay heat. The preferred means of venting steam is via the TBVs.
There is an automatic system that controls these valves. Their use prevents loss of
secondary coolant inventory and possibly unmonitored radioactive releases duc to

leaking SG tubes. -
] Atmospheric Dump Valves (ADVS)

Operators can vent steam using the atmospheric dump valves (ADVs). The success
criterion for ADVs is that one of the two ADVs on a SG being fed must open to
vent stcam. '

in fety Valv V

If the TBVs and ADVs are unavailable or fail, steam relief will be through the
MSSVs. The success criterion for MSSVs is that one of ten main stcam safety ‘
valves opens on a SG being fed. )

4.3;7:2.4 RbS Integrity (No RCP Scal LOCA or Stuck Open PSV)

The RCS Integrity Loss Top Logic fault tree (Figure 4.3-16) models the causes for
a loss of RCS integrity following a transicnt cvent, Loss Of Off-sitc Power
(Scction 4.3.8), or Loss of Feedwater (Spclion 4.3.9).

Tt rcpfcscmé a transient-induced Smail LOCA t:ro;n ciiﬁ'cr a stucK-open'Pressurizer *»
Safety Value (PSV) or a failed RCP shaft seal package. (See Scctions 4.3.10 and
6.1.3.2.5 for a discussion of RCP seal failures.)

The PSVs can be expected to actuate following all trips initiated by or leading to
closure of all four MSIVs prior to a reactor trip. The PSVs may also lift on a
turbine trip (load rejection) followed-by failure of the Reactor:Power Cutback
System (RPCS) and the TBV quick-open function. (The’RPCS acts.to rapidly
reduce reactor power by dropping sclected control group CEAs upon loss of load
or loss of one main feedwater pump.) In addition to lifting to relieve the initial
pressure transient, the PSVs would be demanded multiple times following dry out
of the stecam generators (if feedwater were not supplied within about 35 min.) as
reactor coolant boils away. After RCS temperature reaches saturation, a stcam
bubble will form in the reactor vessel head forcing water through the PSVs. Since
the PSVs were designed to relieve steam, they are assumed to have a higher
probability of failure to'close for water:relief. This higher failure probability was
accommodated in the cutset analysis; the failure probability for stcam relief
appears in the RCS Integrity Loss fault trec.
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4.3.7.2.5

4.3.7.2.6

4.3.7.3

43.74

4.3.8

The RCP shaft seals could fail under certain combinations of loss of scal cooling,
loss of scal injection, and opcrator failure to secure the pumps. The initiating
cvents more likely to lead to seal failure are those that directly cause a loss of seal
cooling: Loss of Nuclear Cooling Water, Loss of Plant Cooling Water, Loss Of
Off-sitc Power, and Station Blackout. Except for Station Blackout, the operator
can backup loss of normal seal cooling by Nuclear Cooling Water (NC) using
Essential Cooling Water (EW). .

High Pressure Safety Injection (HPSI)

In the case of a transient-induced LOCA, HPSI is required to maintain RCS
inventory. The success criterion for HPSI is defined as flow to the RCS from at
Icast one HPSI pump through at least three HPSI lincs.

High Pressure Recirculation (HPSR)

Following HPSI, the containment sump valves are automatically opened on RAS
and HPSR from the sump to the RCS injection lines continues. The success
criterion is a successful switchover and recirculation of at least one HPSI pump
from the sump through at Icast threc of the eight RCS injection lines.

Major Assumptions and Dependencies
The following assumptions were made in developing the Grouped Transients event
trec:

a) Itis conscrvatively assumed that if RCP shaft scal failure occurs, all three
scals in the scal package fail

b) No credit is taken for restarting a FW pump nor for long-term decay heat
removal using a FW pump.

Major Dynamic Human Actions
The only major dynamic human actions incorporated into the event tree and its top
logic arc:
a) Ovcrride MSIS to establish flowpath for the Train N AF pump or AtFW
b) Align Alicmate Feedwater if AF fails. ©  ~ °

LPSI and LPSR following failurc of HPSI could have been applicd as a top event
as it was in Small LOCA. However, the CDF for HPSI or HPSR failure sequences
is gencrally very small, so it was deemed not necessary to include it.

Loss Of Off-site Power

The Loss Of Off-site Power mmator utilizes the Grouped Transients Event Tree,
Figure 4.3-7.

A Loss Of Off-sitc Power (LOOP) will result in a loss of forced reactor coolant
flow due to simultancous loss of clectrical power to all four reactor coolant pumps
(RCPs). A LOOP also produces a loss of condenser vacuum and loss of main
fecdwater (due to the loss of power;to the condenser cooling water pumps), and a
start signal to the emergency diesel-generators due to low voltage on the 4.16kV
ESF buses. Duc to the loss of condenser vacuum, the Turbine Bypass Valves
(TBVs) are unavailable. (No credit is taken for just the two TBVs that discharge to
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Loss Of Off-site Power

"

4.3.8.1

atniosphcre.) The condensate pumps are also without power, so Alternate
Feedwater is not available.

The loss of forced coolant flow following loss of power to the RCPs lcads to a
reactor trip on low DNBR (CPC auxiliary trip) and reactor power begins to
decrease, accompaniced by a decrease in pressurizer level due to decreased RCS
average temperature. The loss of secondary heat sink then results in a loss of RCS
heat removal. Both primary and sccondary pressure will increase. The main stcam
safety valves will lift to control secondary pressure. The primary safety valves are
not expected to lift during the transient. Concurrently, stcam generator level will be
decreasing and auxiliary feedwater will be actuated or initiated manually. When
secondary heat removal (and therefore RCS heat removal) via the auxiliary
feedwater and the main steam safety valves or ADVs is re-established, primary
pressure and temperature will begin to decrease.

When off-site power is lost, the dicsel gencrators will receive a start signal. Once
the diescl generators are up to rated speed and voltage, the load sequencer will load
the Engincered Safety Features (ESF) buses. The ESF buses provide power to the
HPSI if nceded, motor-driven Auxiliary Feedwater, Essential Cooling Water, and
Spray Pond pumps and motor operated valves associated with each system. The
charging pumps arc manually re-loaded.

Sequence Description

The scquence descriptions are virtually identical to those given for Grouped
Transicnts, since the same event tree is used. However, the loss of AC power to
most non-safety-related equipment, such as normal HVAC, Instrument Air, and
Nuclear Cooling Water, precludes its use in mitigating this transient.

Aucxiliary Feedwater must be available for secondary heat removal, along with
cither MSSVs or ADVs. Failure of AF or both MSSVs and ADVs lcads to core
damage.

If heat removal is successful, RCS integrity is questioned. Without off-site. power,
the possibility of a RCP seal LOCA exists, since normal scal cooling and scal
injection are lost. The operator must either restart a charging pump to regain scal
injection or back up NC with EW for cooling if a scal LOCA develops. HPST will
be required to supply inventory makeup. Failure of HPSI is assumed to lcad to core
damage. (No credit is taken for operator action to de-pressurize the RCS for Low
Pressure Safety Injection.)

If HPSI is successful, sump recirculation will be necessary when the contents of
the RWT have been used. Failure of HPSR lcads to core damage, since no credit is
taken for refilling the RWT.

The three core damage sequences arc:
a) Failure of Secondary Cooling
b) Secondary Cooling success, RCS integrity failure, HPSI failure

¢) Sccondary Cooling success, RCS integrity failure, HPSI success, HPSR
failure.
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" 'Loss Of Off-site Power

4.3.8.2

4.3.8.2.1

4.3.8.2.2

4.3.8.2.3

Loss Of Off-site Power Sequence Elements

Loss Of Off-site Power Initiators

Loss Of Off-site Power events include all events initiated by a loss of grid power of
any duration from the high voltage distribution lines serving the station concurrent
with a unit trip and all cvents involving loss of normal off-site power to both
Essential Safety Features buses. The loss of grid power may be caused by external
events such as storms, fires, floods or carthquakes, equipment failures within the
grid system or site, or switchyard or human error. Subsequent failures leading to
loss of all AC power to both Essential Safety Features buses are analyzed as
Station Blackout and covered in Section 4.3.10.

The Loss Of Off-site Power event tree presumes the success of at least one
emergency diesel generator.

Reactor Trip

On a LOOP, the RPS will generate trip signals on low DNBR, low RCS flow, low
steam gencrator Ievel, and high pressurizer pressure. If the RPS docs not gencrate
a trip signal, the Supplementary Protection System (SPS) will generate a trip signal
on high pressurizer pressure. In addition, on LOOP, power will be lost to the motor
gencrator scts, which provide holding power to the Control Element Drive
Mecchanisms (CEA holding coils). Thus, even if a trip signal is not gencrated, the
CEA holding coils will be de-energized within approximatcely S secs. Failure to
inscrt the CEAs is treated under the ATWS Event Tree, Scction 4.3.11.

Secondary Cooling (Auxiliary Fcedwater)

Each of the mcans available to sicam and fecd the stcam gencrators is discussed
below. "

Following a LOOP, auxiliary fcedwater must be supplied to the steam generators in
order to remove decay heat from the RCS. The success criterion for AF is that
auxiliary*fecdwater'must be'delivered from at Icast onie of the'three auxiliary
feedwater pumps to onc stcam generator. |

Atmospheric Dump Valves (ADVs)
Following a LOOP, the preferred means of venting steam is via the atmospheric
dump valves to avoid cycling the MSSVs. However, each valve has a backup
Nitrogen supply bottle, which will maintain valve operation for a limited number
of cycles. .

The success criteria for ADVs are that one of two ADVs must be opened to vent
stcam from the SG to which AF flow is supplicd.

ain m Safety Valves (MSSV )
If, following a LOOP, the ADVs fail, the main stcam safety valves can be used for
stecam removal. The main steam safcty valves will cycle to maintain the stcam
generator pressure in a narrow band around the main steam safecty valve sctpoint
pressure,
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4.3.8.2.4

4.3.82.5

4.3.8.2.6

4.3.8.3

4.3.8.4

The success criterion for MSSVs is that one of ten main steam safety valves opens
on the SG to which AF is being delivered.

RCS Integrity (No RCP Seal LOCA or Stuck Open PSV)

The loss of RCS integrity event represents a transient-induced Small LOCA from
an RCP scal lcak. Since a LOOP causes all RCPs to trip, conditions that could
induce a secal LOCA will only occur on an extended loss of seal cooling and seal
injection. Seal cooling is normally supplied by Nuclear Cooling Water, which is
lost on a LOOP, but the operator is directed to back it up with Essential Cooling
Water. Scal injection is supplicd from normal charging. In order for the seals to
degrade sufficiently such that a LOCA could occur, both systems must fail. See
Section 6.1.3.2.5 for a discussion of RCP scal LOCA.

A Pressurizer Safety Valve LOCA is not a significant concern for LOOP. The
initial pressure transient is not expected to lift the PSVs. In order to avoid core
damage, off-sitc power is requircd to be restored by the time the steam generators
dry out,

High Pressure Safety Injection (HPST)

In the case of a transicnt-induced LOCA, HPSI is required to maintain RCS
inventory. The success criterion for HPSI is defined as flow to the RCS from at
lcast onc HPSI pump through at least three HPSI lines.

High Pressure Safcty Recirculation (HPSR)

Following HPSI, the containment sump valves arc automatically opened on RAS,
and HPSI recirculation from the sump to the RCS injection lines continues. The
success criterion is a successful switchover and recirculation of at least one HPSI
pump from thc sump through at least three RCS injection lines. This is
conservative, since with only one HPSI pump opcrating, each cold-leg injection
linc delivers at least 270 gpm (Technical Specification average minimum valuc).

Major Assumptions : o
The following important assumplipns were made in developing the LOOP cvent:

a) Onaloss of both seal cooling’ and scal injection to the RCPs, a scal LOCA
could possibly occur. The probability derived for scal failure is discussed
in Section 6.1.3.2.5

b) Atlcast onc Diesel Generator is available and providing power

¢) No credit is taken for operator action to de- prcssunze the RCS for Low
Pressure Safety Injection if HPSI fails.

Major Dynamic Human Actions
The following dynamic human actions arc modeled:

a) Alignment at Train N AF Pump
b) Restoration of charging flow for RCP scal injection.

The restoration of off-site power will be addressed in the recovery analysis for the
LOOP sequences. «

Rev.0 4/7/92

4.3 Event Tree Sequence Determination 4-46



Loss of Main Feedwater Event Tree

4.3.9

43.9.1

4.3.9.2

4.3.9.2.1

Loss of Main Feedwater Event Tree !

The Loss of Main Feedwater/Condensate Pumps (MFW) Event Tree (Figure 4.3-8)
includes all events initiated by a loss of all FW. This group includes loss of all FW
pumps, all condensate pumps, and condenser vacuum. A loss of condensate
pumps, which supply flow to the suction of the FW pumps, will automatically trip
the FW pumps on low suction pressure. A loss of condenser vacuum automatically
sends a trip signal to the FW pumps.

The Loss of MFW cvents are treated separately from the grouped transients due to
the RCS response following the transient. On the loss of MFW, the SG levels will
rapidly decrease until a reactor trip occurs on low SG level. Prior to reactor trip, at
least one third of the SG inventory has been depleted. If AF functions properly, the
transicnt continues as a normal reactor trip. However, if AF is unavailable, then
prior to aligning AItFW, the Pressurizer Safety Valves will have lifted due to high
RCS pressure. This could lead to a stuck open PSV and a LOCA. The resulting
LOCA is then treated as a transient-induced Small LOCA in the event tree and
requires HPSI and HPSR to avoid core damage.

Sequence Description

Following the initiating event, reactor trip is called for to reduce the heat generated
from fission. Assuming successful reactor trip, AF is called for to remove heat
from the steam generators. Alternate fecdwater is called for in a separate top event,
because SG dryout and lifting of pressurizer safety relief valves may occur before
AItFW can be aligned to backup AF.

If AF fails, Alternate Feedwater is called for. If AILFW fails, core damage results;

if AILFW succeeds, heat removal is established, but the pressurizer safetics may
not have rescated leading to an induced Small LOCA. Therefore, HPSI is required
for inventory makeup. Core damage results if HPSI fails.

With HPSI successful, HPSR from the sumps will be required when the RWT has
been injected into the RCS. Recirculation failure results in core damage.

"

The three core damage sequences then are: .

a) AF failure, AILFW failure
b) AF failure, AUFW success, RCS integrity failure, HPSI failure

¢) AF failure, AUFW success, RCS integrity failure, HPSI success, HPSR
failure.

"

Loss of Main Feedwater Sequence Elements’ = . -

Loss of Main Feedwater Initiators

Three initiating cvents fall into the loss of main fecdwater category: condensate
pump spurious trips, main fecdwater pump spurious trips, and loss of condenser
vacuum. All three are heatup events. There are other initiating cvents that result in
loss of feedwater, but they are not included in this group, because of unique
impacts they have on other plant systems,

The inilialing‘evcm frequencics for the above events are discussed in Section 6.1.
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4.3.9.2.2

4.39.2.3

4.39.24

4.39.2.5

Reactor Trip
On a loss of MFW, the RPS will generate a trip signal on low SG level. Failure of
reactor trip is treated under the ATWS Event Tree.

Secondary Cooling (Auxiliary Feedwater)

Auxiliary Feedwater (AF)
Refer to the Steam Generator Heat Removal Top Logic fault tree, Figure 4.3-11.

Following the loss of MFW and reactor trip, AF (Trains A and B) will
automatically start on AFAS duc to low SG level. Success criterion for AF is that
flow is supplicd from at least onec AF pump to at Ieast one SG. If Train N AF Pump
is to be used, it must be aligned within 30 min. to cnsure that lifting the pressurizer
safety valves will not be a concern. The following scctions describe the methods
for venting stecam in conjunction with AE. ’

Atmospheric Dump Valves (ADVs)

If TB Vs are unavailable or fail, steam can be vented by manual operator control of
the ADVs, although the MSSVs will be challenged by the initial transient. The
success criterion for ADVs is that onc of the two ADVs on a SG being used for
heat removal opens.

in m _Safety Valves (M

If the TBVs and ADVs are unavailable or fail, SG pressure will risc until the
MSSVs open to relieve steam, The success criterion for the MSSVs is that onc of
ten MSSVs open on a SG being used for heat removal.

Secondary Cooling (Alternate Feedwater)

Given AF is unavailable, procedure calls for the operators to attempt to align the
low pressure condensate pumps to provide fecdwater to the SGs. For sequences
where the initiator was a loss of condensate pumps, no credit is given for aligning
AILFW. On a loss of FW pumps, AILFW can be aligned. Operators have
approximately 1 hr. to pcrform the ahgnmcm to‘avoid core damage. The success
criterion for this clement is that alternate feedwater is aligned from at least one of
the condensate pumps to one SG within 1 hr. following a reactor trip. Altemate
Feedwater is not credited for the Condensate Pump Spurious Trip initiator i.c., no
credit is taken for operator action to restart a condensate pump. For stcam removal,
ADVs (described above) and TBVs are credited in conjunction with Alternate
Feedwater. The preferred means of venting steam is via the turbine bypass valves
to avoid challenging the steam generator safety valves and conserve sccondary
inventory. TBVs are not credited for Loss of Condenser Vacuum, The success
criterion for TBVs is that onc of eight TBVs opens to relieve stcam.

RCS Integrity (No Stuck Open PSV)

Upon a loss of MFW, if AF is unavailable, then the PSVs may lift before Alternate
Fecdwater can be aligned. If operator action takes longer than about 30 min., water
relief out of the PSVs will occur. The PSVs were originally designed for stcam
relicf and are more likely to fail open following water relief than following stcam
relief (see Scction 6.1.3.2.3 for PSV fail to reclose probabilities for stcam and
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4.3.9.2.6

4.3.9.2.7

4.3.9.3

4.3.9.4

4.3.10

water relief). For this analysis, it is conservatively assumed that if AF is
unavailable, water relief will occur prior to aligning AFW.

High Pressure Safety Injection (HPSI)
Refer to the RCS Integrity Loss Top Logic fault tree, Figure 4.3-16.

In the event of a Loss of MFW induced LOCA, HPSI is required to maintain RCS
inventory. The success criterion for HPSI is defined as flow from at least one HPSI
pump through at least three HPSI lines.

High Pressure Safety Recirculation (HPSR)

Following HPS], the containment sump valves are automatically opened on RAS
and HPSR from the sump to the RCS injection lines continues. The success
criterion is a successful switchover and recirculation via at least one HPSI pump
through at least three HPSI lincs.

Major Assumptions

The following assumptions were madc in the development of the Loss of MFW
Event Tree:

a) If AF fails and AItFW is successful, it is assumed that pressurizer safety
* valves lift venting water

b) Alternate feedwater is not available following a loss of all condensate
pumps (no credit is taken for restarting a condensate pump)

¢) No credit is taken for operator action to de-pressurize the RCS for LPSI if
HPSI fails.

Major Dynamic Human Actions
The following major dynamic human actions are included in the top cvents:

a) Alignment of Train N AF pump
b) Alignment of Alticmate Feedwater if AF fails.

If ADV use is necessary, it is assumed the operator will attempt to do so.

Station Blackout Event Tree

The Station Blackout (SBO) event tree (Figure 4.3-9) covers the concurrent LOOP
and loss of all AC power on both 4.16kV Engincered Safety Features buses duc to
diesel generator or power distribution equipment failures. If the diesel gencrators
cannot supply AC power to the ESF buses following the LOOP, the resulting
transicnt must be mitigated, at least initially, by AC-independent equipment. With
no AC power, Trains B and N AF Pumps, HPS], LPSI, Containment Spray and
Essential HVAC systems are unavailable, and the Essential Cooling Water and
Esscntial Spray Pond systems are not available for cooling the RCP seals or for
decay heat removal via the SDCHXs, -

The turbine-driven (Train A) AF pump is required to supply auxiliary fecdwater to
the stcam generators, and secondary stcam must be removed via the Main Stecam
Safety Valves and the Atmospheric Dump Valves.
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4.3.10.1

The initial progression of the transicnt would be similar to the standard LOOP,
with FW unavailable, AF being delivered to the stcam generators to restore RCS
heat removal and the ADVs being opened for secondary steam removal. The
ADVs receive control power from the vital AC and DC buses (powered from
batterics) and use nitrogen for opening (instrument air is unavailable). The
batterics can supply rated load for a minimum of 2 hrs. (Reference 4.4.7), and the
nitrogen supply reservoirs are good for a limited number of cycles. Thus, in licu of
other problems, initial plant cooldown can proceed for at least 2 hrs. without
restoration of AC power. When the batterics are depleted, the ADVs would fail
closed, and primary side temperature and pressure would increase until the heat
transfer from the RCS to the stcam generators was in cquilibrium with the heat
removed from the steam generators via the Main Steam Safety Valves.
Additionally, the AF pump turbine controller would lose DC power and the pump
would likely trip. Steam gencrators would boil dry in about 30 min. The RCS
would then heat up and the Pressurizer Safety Valves (PSVs) would lift. Core
uncovery would occur after about another 30 min. For this sequence, restoration of
power within 3 hrs. could prevent core damage. There are several conservatisms in
this analysis. First, station batterics would be expected to last considerably longer
than 2 hrs., since the performance exceeds the minimum required and loading is
not as great under blackout conditions as was assumed in the Safety Analysis.
Sccondly, recent MAAP analyses indicate that with fecdwater available for 2 hrs.
post trip, SG dryout occurs 80 min. later and core uncovery 36 min. after that.

With aloss of all station AC power (Station Blackout), the RCPs trip and RCP seal
injection and cooling water will be lost. The Nuclear Regulatory Commission
(NRC) has postulated in their evaluation of Station Blackout that under these
conditions, the scals will begin to degrade and gross scal lcakage on the order of
several hundred gpm may occur. The Combustion Enginecring Owners Group
(CEOG) contends that this is not credible for Byron-Jackson (BJ) Pumps
(Reference 4.4.13) nor for the PVNGS CE-KSB RCP scals (Reference 4.4.19),
However, if gross scal leakage doces occur, a source of AC power must be restored
and the HPSI system started to provide RCS inventory makcup before the core
uncovers. The time available to accomplish this is dependent on the scal leak rate. -
The need for HPSI and HPSR is based on the conservative assumption that gross *
seal lcakage can occur.

If the turbine-driven AF pump fails to start and deliver feedwater to the stcam
gencrators following the initial transient, sccondary steam removal through the
MSSVs or ADVs will continuc until the steam gencrators boil dry at
approximately 30 min. Primary pressurc will rapidly rise and the primary safety
valves will open. Core uncovery will occur within 30 min. of generator dry-out.
Thus, with initial loss of auxiliary fccdwater, AC power must be restored and AF
flow cstablished within 1 hr. to prevent core damage. Again, these times are
conservative. MAAP analysis indicates SG dry out at 56 min. and core uncovery at
77 min,

Sequence Description

Following a turbine-gencrator trip, LOOP. and failure to power both ESF buses, a
reactor trip is called upon to terminate the heat gencration from fission. After
successful reactor trip, FW is unavailable and only the stecam-driven auxiliary
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fecdwater pump is available to provide secondary cooling. Should it fail, off-site
power must be restored within 1 hr. in order to start a motor-driven auxiliary
feedwater pump and re-cstablish secondary heat removal to avoid uncovering the
core. Failure to restore off-site power within 1 hr. is assumed to lead to core
damage.

If off-sitc power is not restored in time to avoid lifting PSVs, an induced LOCA
may result if one or more PSVs do not reseat. This is not addressed in the event
tree, but rather in the system analysis.

In addition, if off-site power is restored within 2 hrs., there is the possibility that
the RCP scals may have degraded sufficiently to result in a LOCA, since both seal
injection and cooling are unavailable without AC power. If a scal LOCA develops
during the period without off-sitc power, HPSI and HPSR are required to make up
RCS inventory when AC power is restored. Recirculation of containment sump
watcr will be necessary once the contents of the RWT are injected. Failure of HPSI
or HPSR lcads to corc damage.

Whether or not a RCP scal LOCA results, long-term secondary cooling is
nccessary using AF. Failure of long-term secondary cooling results in core
damage.

If carly auxiliary feedwater from the turbine-driven pump is available at the
beginning of the transicnt, then power need not be restored for 3 hrs. to avoid core
damage, since there is ecnough DC power available to operate this pump for at lcast
2 hrs., with an additional 1 hr. before core uncovery occurs. Failure to restore off-
sitc power within 3 hrs. is assumed to lead to core damage.

There are cight corc damage sequences as follows:

a) Early AF failure, failure to restore off-sitec power within 1 hr.

b) Early AF failure, successful power restoration within 1 hr,, RCS integrity
failurc, HPSI or HPSR failure

¢) Early AF failure, successful power restoration within 1 hr,, RCS integrity
failurc, HPSI and HPSR success, long-term secondary cooling failure
(AF)

d) Early AF failure, successful power restoration within 1 hr., RCS integrity
maintained, long-term sccondary cooling failure (AF)
¢) Early AF success, failure to 'rqst_ogc power witl}in 3 hrs.

f) Early AF success, successful power restoration within 3 hrs., RCS
integrity failure, HPSI or HPSR failure

g) Early AF success, successful power restoration within 3 hrs., RCS
integrity failure, HPSI and HPSR 'success, long-term sccondary cooling
failure (AF) -

h) Early AF success, successful power restoration within 3 hrs., RCS
integrity maintained, long-term secondary cooling failure (AF).

Rev.0 4/7/92

4.3 Event Tree Sequence Determination 4-51




Station Blackout Event Tree

4.3.10.2

4.3.10.2.1

4.3.10.2.2

4.3.10.2.3

4.3.10.24

4.3.10.2.5

Station Blackout Sequence Elements

The SBO cvent tree is shown in Figure 4.3-9. The cvent tree consists of the
initiator and seven function-oricnted top events which are described in detail
below:

Station Blackout Initiators

The initiating event frequency was derived from multiplying the LOOP frequency
by the probability of losing all power to both 4.16kV ESF buses. The plant-based
cquation method for quantifying this initiator, as described in Scction 6.1, ensures
that dependencies between this complex initiator and the plant systems that must
respond to it, are explicitly accounted for.

Reactor Trip

On the LOOP the RPS will generate trip signals on low DNBR (CPC Auxiliary
Trip), low SG level, and high pressurizer pressure. Reactor Trip failure is
addressed within the ATWS cvent tree, Section 4.3.11.

Secondary Cooling Early

This top cvent addresses the need to deliver flow to at Icast one SG using the AF
turbine pump for a period of no Iess than 2 hrs., along with stcam removal.

Stcam Generator water inventory control must be provided by the turbine-driven
AF pump. The success criteria is that this pump delivers flow to at least onc SG.

Two means of stcam removal are available. The preferred means is use of the
ADVs. The success criterion is that one of two ADVs on a SG being fed auxiliary
feedwater operates under operator control. If ADVs fail, the MSSVs will relieve
stcam pressure. The success criterion for MSSVs is that one of ten MSSVs opens
on a SG being fed auxiliary feedwater. '

Restore Power within Onc Hour

In the absence of carly phase AF system flow, power must be restored within 1 hr.
to avoid lifting Pressurizer Safety Valves (PSVs). The probability of non-
restoration of off-site power within 1 hr. was calculated from the correlation
developed from statistical analysis of NSAC-111 data (Reference 4.4.3); details of
this statistical analysis arc described in Section 6.2. The success criteria are
restoration of power to the switchyard and re-energization of at Icast onc ESF bus
from off-sitc power.

Restore Power within Three Hours . P

The AF system requires 125V DC to control the turbine pump throttle valve and
other system valves. During a SBO event, this power is provided exclusively by
the Channel A station battery. Based on a review of 125V DC bus loads typical to
a SBO cvent and the 18 and 60-month tests of the DC batterics (References 4.4.6
and 4.4.7), it is assumed that the DC batteries will last for at Icast 2 hrs. into an
SBO event. However, it is conservatively assumed that the AF pump fails at 2 hrs.
into the cvent. As described carlier, the probability of restoration of off-sitc power
by a specific time into the SBO cvent may be calculated from the correlation
developed from NSAC-111 report data. Success is defined as restoration of power
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4.3.10.2.6

4.3.10.2.7

4.3.10.2.8

4.3.10.3

to the switchyard and re-encrgization of at 1cast one ESF bus from off-site power
(See Scction 6.2).

RCS Integrity (No RCP Scal LOCA)

Reactor coolant pump (RCP) scals are designed to limit the leakage of reactor
coolant along the pump shaft. With SBO, the RCP seal cooling and seal injection
from charging pumps are lost, initiating a process of potential scal degradation that
may lead to excessive RCP scal Icakage.

This study has adopted the CEOG findings in Reference 4.4.12 and the quantitative
assessment of scal failure probability of 0.08. The functional dependency
displayed in the SBO cvent tree reflects the assumption that primary coolant losses
due to excessive pump seal leakage do not lead to core uncovery prior to 3 hrs. (in
the absence of HPSI), an assumption which is consistent with the C-E System 80™
PRA. Excessive seal leakage is defined as leakage leading to loss of primary
coolant inventory in excess of charging pump ability to rcplcnish it once power is
restored. This translates into an average leakage rate in excess of 30 gpm per
pump, starting no carlicr than 2 hrs, after the SBO cvent.

The possibility of PSV LOCA is not considered in the event tree, but was assessed
in the analysis for scenarios in which feedwater is lost for more than 1 hr.
Considering the conscrvatisms in assumed battery life and time required to restore
off-site power, the likclihood that a PSV will pass water is small.

High Pressure Safety Injection/High Pressure Safety Recirculation (HPSI/HPSR)
In the event of a SBO-induced LOCA, HPSI is required to maintain RCS inventory
once off-site power is restored. The success criterion for HPSI is defined as flow
from at least one HPSI pump via at Icast three HPSI lines. Following HPSI, the
containment sump valves automatically open on RAS, and HPSI recirculation
from the sump to the RCS injcction lines continues. The success criterion is a
successful switch-over of at least one HPSI pump providing recirculation through
at Icast three HPSI lines. The HPSI, HPSR and Containment Heat Removal Top
Loglc fault lrcc shown in Flgurc 4.3-17 combmes thcse two funcuons

»” LT AR B B ¥ ' »
Sccondary Coolmg Long-’I‘crm (AF)
The success criterion for AF is to deliver flow to at least one SG with onc of three
AF pumps for a period of up to 24 hrs. after off-site power recovery has been
obtained. .

Two mcans of stcam removal are available. The preferred means is use of the
ADVs. The success criterion is that onc of two ADVs on a SG being fed auxiliary
fecdwater operates under operator control. If ADVs fail, the MSSVs will relicve
stcam pressure. The success criterion for MSSVs is that once of ten MSSVs opens
on a SG being fed auxiliary feedwater.

Major Assumptions and Dependencies
The following assumptions were made in‘developing the Station Blackout cvent
tree:

a) If the turbine-driven AF pump is unavailable, off-sitc power has to be
restored within 1 hr, in order to prevent core damage. This requirement is
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based on the assumptions that the SGs will boil dfy within about 30 min.
and the core will be uncovered due to coolant loss through the primary
safety valves about 30 min. later

b) If the turbine-driven AF pump is initially available, off-site power to the
ESF buses must be restored within 3 hrs. in order to avert core damage.
This requirement is based on the dependence of turbine control on DC
power and the conservative 2 hrs. assumed uscful life of the Channel A
Class 1E battery. The core uncovery assumption is based on a conservative
estimate of time to corc uncovery

¢) No credit is taken for operator action to shed DC loads to extend battery
life for AF pump operation

d) RCS integrity will not be lost due to a stuck open primary safety relief
valve(s). (This possibility is accounted for in the cutset analysis.)

¢) The DC batteries arc assumed to discharge during an SBO event. This
means that after power is recovered, 125V DC power is only available
from battery chargers. This is a conservative assumption, especially for
those sequences where power is restored within 1 hr

f) Itisassumed that excessive RCP seal 1lcakage prior to 2 hrs. after an SBO
is not a credible cvent. This assumption is based on the CEOG conclusions
after review of operating experience with CE-BJ RCPs. A comparison of
CE-BJ and CE-KSB RCPs found both pump designs operationally
cquivalent. The CEOG conclusions have been extended to the CE-KSB
RCP design

g) Reccovery of off-site power is defined as restoration of power to the
switchyard and re-encrgization of at least one ESF bus from off-site power

h) No credit is taken for recovery of an emergency diesel generator -

i) No credit is taken for operator action to de-pressurize the RCS for LPSI if
HPSI fails.

4.3.10.4 . Major-Dynamic. Human Actions.awe e o0 om0 00 4

4.3.11

4.3.11.1

Only the recovery of off-site power is modeled.

Anticipated Transients without SCRAM (ATWS) Event Tree

Sequence Description

ATWS cvents are modeled to be an imbalance between stecam gencrator heat
removal and core heat generation with the subsequent failure to SCRAM when the
appropriate reactor trip parameters are rcached. As the coolant temperature
increases, two important features of ATWS events occur: RCS pressure will
increase because of coolant expansion in a controlled volume and temperature
increase of the coolant will decrease the ncutron moderation, thus reducing
reactivity. As RCS temperature increases, reactivity decreases such that a quasi-
stable state is reached at a reactivity level where total core power is matched by
whatever heat removal is available from the stcam generator. The reactor must
remain at an clevated temperature in order to maintain this state. The negative
cffect of coolant temperature increase is the accompanying increase in pressure.
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‘ Depending on the value of moderator temperature cocfficient in the core at the time
4 of the cvent, the cquilibrium state may or may not be reached prior to exceeding
stress limits on the components of the primary boundary.

The ATWS rule (10CFR50.62) is based on maintaining component stresses below
the ASME Level C limits. This cquates to a RCS pressure of 3200 psi. The concemn
with exceeding ASME C stress levels is not primarily one of component rupture,
(although this will happen at very high stress levels) but is that elastic behavior is
not ensured above stress Level C limits. Thus, valve and pump operability can not
be assured after exceeding these stress levels.

A mitigable ATWS scenario will reach an equilibrium statc at an clevated
temperature-(about 620° F) in a closc to saturated condition, at a few percent
power, with steam generator heat removal just matching decay heat plus power.
This state is presumed to be reached in about 2 min. for the full-power loss of
feedwater ATWS. From that point, it is necessary to provide reactor shutdown by
boron injection with the charging pumps. As boron is injected into the RCS,
reactivity is reduced and, the temperature of the entire RCS will proceed back to
the no-load T,yg. Continued boron injection will ensure subcriticality even at cold-
shutdown condluons

From the PRA perspcctivc. the risk important aspects of ATWS are over after

- successful initiation of boron injection. Within the scope of the accident

description discussed above, the physical constraint which dictates the required

' timing for boron injection is when the AF pumps run out of condensatc. However,

the assumed requirement for boron injection is usually 10 min. The reason is that

the thermal hydraulics analysis to evaluate pressure rise, upon which the ATWS

success criteria are based, only takes the event out to a time shortly after the
cquilibrium state is reached (about ten minutes using one charging pump).

The pressure rise during.an ATWS can be affected by success or failure. of four.
other events. The cvent tree is structured to question.the‘occurrence of these” ©
events. First, feedwater must be supplied to-the SG to remove decay heat; second,

the pressurizer relief valves must open to relieve stecam; third, under some
conditions, the turbine must be tripped to prevent overcooling, which would add to
reactivity and preserve SG inventory (minimize peak RCS pressure); and fourth,

the moderator temperature coefficient (MTC) must be negative enough to provide
cnough temperature feedback to bring the reactor subcritical before the saturation
temperature of the pressure corresponding to stress limits is reached.,

The success criteria for each of these items are interrelated, For example, failure to
trip the turbine is not critical in itsclf, but a higher value of MTC can be sustained
if turbine trip is successful. Similarly, failure of one feedwater pump is not critical,
but a higher (less negative) value of MTC can be sustained if both fecdwater
pumps are operable. . Loty

‘ Figure 4.3-10 presents the core dar:nagc cvent tree for ATWS. The following -
“subsections describe the individual elements on the tree.
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4.3.11.2

4.3.11.2.1

4.3.11.2.2

‘Sequence Elements

ATWS Iniﬁators

ATWS is defined to be an anticipated operational occurrence coupled with failure
to inscrt negative reactivity via the control clement assemblics. The anticipated
opcrational occurrence is a function of whether a turbine trip has occurred. A
simplification was performed by categorizing the PVNGS initiators'into the three

" bins: two arc a turbine trip or no turbine trip (Sce Scction 6.1.4) for the grouping of

the initiators and the third containing the LOOP and station blackout. The three
categorics arc:

a) LOOP and Station Blackout
b) Initiators with turbine trip
c) Initiators without turbine trip.

These general categories contain initiators which have a range of impacts on the
systems (clements) called in the ATWS cvent tree. For example, loss of class 125V
DC Channcl A fails a train of AF and SI. This initiator has a more severe impact on
ATWS mitigating systems than a miscellancous reactor trip which does not
significantly impact any mitigating system. However, for cach initiator within a
category, pmhmmary sequence analysis was performed to assess the i importance of
such dependencies on the sequence frequency. For initiators that have a major
impact on the systems called to mitigate it, this analysis showed that their
contribution to CDF was negligible due to their low frequency value. As a result, it
was judged that such initiators could be categorized with other initiators having
less severe impact on ATWS mitigating systems. This then allowed the ATWS
cvent tree to be analyzed with seemingly one initiator without understanding the
impact of initiator-plant system dependencies.

Rca;ctor Trip (RPS Electrical)

This clement.is.defined.as.the.probability- that.thezright. combinations of two trip~. -
breakers (#1 and #2, or #1 and #4, or #3 and #2, or #3"and"#4) will'not receive a
signal to open. The event includes failure of sensors, instrumentation, signal

. processors, and output signals in the RPS and the supplementary protective system

4.3.11.2.3

4.3.11.24

E

(SPS). It also includes failures of the shunt trip coils and the UV coils.

)

Failure of this top cvent is dominated by common-cause failure of the reactor trip
breakers (both thc shunt and UV coils mustfail). <. 4

[

Reactor Tnp (Trip Cncuxt Bncakcrs)

This top event considers reactor trip failure due to circuit breaker faults. Top event
probability is dominated by common-cause failure of the breakers. The.trip
breakers are scparated from all other faults, because these failures can be mitigated
by operator actions by de-cnergizing the control cabinet MG scts.

Reactor Trip (CEA Mechanical)

Successful inscrtion of 75 of the 76 full-length CEAs (The 13 power-shaping
CEAs are not credited J)
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4.3.11.2.5

4.3.11.2.6

4.3.11.2.7

Manual Trip Late (De-energize CEDM MG Sets)

The operator fails to remove power to the 480V AC buscs that provide power to
the CEDM MG scts. This is an in-control room action, ¢xcept in the cases of
LOOP and SBO, where the buses are de-cnergized due to the initiator. The CE
analysis performed for PVNGS (Reference 4.4.20) indicates that for the most
limiting cvent, a loss of MFW peak RCS pressure occurs at 100 secs. It is
conservatively assumed here that ‘Operators must act to manually trip the reactor
within 1 min. .

Attempts to manually trip the reactor by this method will be unsuccessful (and
hence are not credited) if the RPS failure is due to rods failing to insert for
mechanical rcasons.

Sccondary Cooling (Train A or B Auxiliary Feedwater)

This event is defined as the success of auxiliary feedwater to at Ieast one SG in

conjunction with the functioning of at least onc MSSV. The Palo Verde Nuclear

Gencrating Station has two safety-grade AF pumps which can match 200% of the

dccay heat load. Since AFAS docs not actuate the Train N pump, and activation of

the Train N pump is not directed in the ATWS procedure, it was not credited for AF

success. The choice for AF is then 1o use two AF pumps and use the highest MTC-
value, or usc on¢ AF pump and use a lower MTC valuc. Provision of higher AF

flows during ATWS allows accommodation of a higher moderator tecmperature

. cocfficient and thus a smaller percentage of time spent in the unfavorable

condition. However, for this study, the onc out of two success criterion was used
and as a result a larger percentage of time spent in the unfavorable MTC condition
was applicd. Reference 4.4.20 identifics minimum requirements for heat removal
on the sccondary sidc.

Pressure Relief and Operation in Adverse MTC range

This portion of the cvent tree combines two factors impacting the pecak RCS
pressure rcached:

a) The MTC window at the time of the ATWS for whnch success ol‘ onc AF
train to provide cooling is-attained - .o« o0 0 e ;

b) Successful opening of four out of four primary safcty valves so as to
provide adequate pressure relief.

The operation in adverse MTC range reflects the relationship between the auxiliary
feedwater success criteria, whether the turbine has tripped and percent time the
core is operating in adverse MTC. As mentioned in Scction 4.3.11.1, the
conditions of an ATWS are based on the amount of energy that is in the coolant and
the heat generation rate in the core. The amount of water delivered to the SGs via
the auxiliary fecdwater pumps is the limiting factor in successfully maintaining
sufficient heat removal. Competing factors for how much feedwater is needed (the
amount of energy in the system to be removed) or whether a turbine trip has
occurred and what MTC is when the ATWS occurs. Using the one of two auxiliary
fecdwater pump success criterion, th¢:MTC value range for when core melt will
always occur due to insufficient fcedwater inventory can be calculated. Once the
ranges have been determined, the percentage of operating time in each of these
MTC ranges is calculated. For this analysis, the percentage of time the unit will be
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4.3.11.2.8

4.3.11.2.9

within the unfavorable MTC regime based on only one AF pump providing
fecdwater is 3.3% with turbine trip and 11% with no turbine trip.

Maintain RCS Integrity

If Level C RCS stress limits have not been exceeded, maintaining RCS integrity
during an ATWS is defined as the closing of the primary safety valves after they
have been demanded to open. The success criterion is that all four must close.

Emergency Boration Using Charging Pumps
This event is comprised of the human action to start emergency boration and the
success of onc charging pump to inject borated water into the RCS.

The human action is dependent on whether or not a manual reactor SCRAM has
been tried. It is assumed that if the Control Room operators fail to diagnose the
need to manually SCRAM the reactor, they will also fail to initiate emergency
boration via the charging system.

4.3.11.2.10 High Pressure Safety Injection (HPSI)

4.3.11.3

HPSI is nceded only for sequences where a safety valve has stuck open and a small
LOCA has been created. One of two HPSI pumps will provide sufficient inventory
makecup. Emergency boration is not necded, since the HPSI system supplics
sufficient borated water to bring the plant to shutdown.

Major Assumptions
The following functional dependencies are important for the ATWS Event Tree:

a) Failure to SCRAM coupled with an adverse MTC is assumed to result in
peak pressures exceeding Level C stress limits, This is assumed to cause a
LOCA with safety injection disabled, which leads dircctly to core damage

b) Failurc of HPSI is presumed to result in a retum to power on cooldown due
to insufficient negative reactivity. Emergency boration is not capable of
supplying sufficicnt inventory to the RCS with a failed open primary
safcty. The core would become uncovered within approximately. 35 min.
of the lifting of the safcty valves

¢) To maintain primary pressurc below reactor vessel rupture (5200 psig is
conservatively assumed), all four safety valves must open

d) Only one charging pump is required for sufficient boron injection to bring
the reactor to shutdown

¢) If an operator attempted to SCRAM the reactor, but was not able to via the
control rods, no dependency was placed on the operator then attempting to
proceed with emergency borating

f) One HPSI pump is required for adequate boron injection and cooldown of
the core during an ATWS

g) Credit for having main feedwater (FW) available at the time the initiating
event occurs was not taken

h) Initiators were grouped by whether a turbine trip had occurred. Solution of
the event tree cvents was determined by assuming the most dominant
initiator conditions (Sce Scction 4.3.11.2.1)
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4.3.12

4.3.12.1

4.3.12.2

i) HPSR was not included in the event tree because preliminary analysis
resulted in accident scquence numbers dropping below 1.0E-10,

Interfacing System LOCA (ISL)

Interfacing System LOCA refers to a LOCA that occurs due to failure of the
boundary between the Reactor Coolant System and a system with which it
interfaces. Subscquent pressurization of the interfacing system causes a breach of
its pressure boundary. LOCAS of this sort can be categorized as inside containment
and outside containment, depending upon the location of the breach. Section 6.1.3
provides a full discussion of how possible ISL locations were determined and
calculations of initiating event frequencies. A brief summary of this discussion is
presented here. ’

”

Inside Containment ISL

Five paths for potential ISL inside containment were identified:
1. RCS cold-leg to Safety Injection Tank
2. RCS cold-leg drains to the Reactor Drain Tank (RDT)

[A)

. RCS cold-leg to RDT via Safety Injection System drains -

F-3

. RCS hot-leg through Shutdown Cooling System to RDT
. Reactor Coolant Pump Scal LOCA.

(3,

The behavior and mitigation requirements for inside containment ISLs are
gencerally the same as for an equivalent sized RCS boundary LOCA. Therefore,
calculated initiating event frequencies for ISLs inside containment were added to
the initiating event frequency for the equivalent sized LOCA (Large, Medium or
Small).

Outside-ContainmentISL-(Event:'V)*s <« - - - = ¢

Four scenarios were identified that could lcad to a potential ISL outside
containment (V-Sequences) during power operation or Hot Standby:

1. RCS cold-leg to the High and Low Pressure Safety Injection systems
2. RCS hot-leg to Shutdown Cooling suction line
3. RCS lctdown line rupture outside containment

4. RCS to Nuclear Cooling Water system.

The initiating event frequency for cach of the above scenarios was calculated. All
were well below 1E-7/year. The conservative assumption was made that any ISL
outside of containment would lead 1o core damage; i.c., no credit was taken for any
mitigation. Therefore, the core damage frequency values are equal to the initiating
cvent frequency values, and an cvent tree for ISLs outside of containment was not
constructed.
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Event-Tree De“velopment

Table 4.1-1 Initiating Events Screening List

0 0 N R

10.

11.

12.

13.

14.

15.
16.

| 17..

| ' 18.

A. EPRI NP-2230 Events

Loss of RCS Flow (1 loop) Loss of any pump trips rcactor.

Uncontrolled Rod Withdrawal Rod withdrawal would not affect any otl'lcr mitigating
systems and looks like a rcactor trip with a higher initial
RCS pressure.

CRDM Problems and/or Rod Drop Manual or CEAC/CPC? trip.

Leakage from Control Rods " Small leaks would lcad to a reactor trip. Larger leaks are

' covered by Small LOCA.

Leakage in Primary System - Covers lcaks smaller than 0.38 in. diameter that eventually
Icad to a reactor trip. All others treated under LOCAs.

Low Pressurizer Pressure Leads to reactor trip.

Pressurizer Lcaﬁagc ' Same as 5 above.

High Pressurizer Pressure Leads to reactor trip.

Containment Pressure Problems Reactor trips on high containment brcssurc.

CVCS Malfunction - Boron Dilution Most probable boron dilution would cventually lead to

Reactor Protection System (RPS) trip. Events leading to
core melt directly due to extended dilution are judged to be
: very small in probability.

Pressure, Temperature, Power Imbalance.-, , Trip..on. high. or.low..pressure, ,tcmpcratunewon neutron 2
Rod Position Error . power imbalance. -1 &+ 3 LR PR A

Total Loss of RCS Flow Dominated by loss of off-sitec power. If off-sitc power is
available, then event is a reactor trip with natural
circulation cooling.

Loss or Reduction in FW Flow (1 loop) Event may lead to a reactor trip or could be handled by a

reactor power, cutback. | o .
Full Closure of MSIV (1 loop) Temperature or power 1mbalancc Manually reduce power
. to 70% power. :
Closure of All MSIVs Large-load rejection.
Increasc in FW Flow (1 loop) Temperature or power imbalance or high SG level.
Increase in FW Flow (all loops) ' High SG level.
FW Flow Instability - Operator error High or low SG level. )
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Table 4.1-1 Initiating Events Screening List (Continued)

22.
23.

SR AR LK R et ﬁ,;&éé 2 -.«:«-.5»,{».::-:{5‘;2&
FW Flow Instability - Hardware fault High or low SG level.
Stcam Generator Leakage May lcad to manual trip.
Miscellancous Leakage in System Large secondary leakage trcated under large sccondary

Sudden Opening of a Stcam Relief Valve
Loss of Component Cooling Water

line break. Others assumed to trip reactor.
Low SG pressure.

Broken up into loss of nuclear cooling water and loss of
turbine cooling water.

24, Loss of Service Water Loss of plant cooling-watcr.
25. Turbine Trip, Throttle Valve Closure, Event may lcad to a reactor trip or could be handled by a
EHC problems reactor cutback. ‘
26. Generator Trip or Generator Caused Event may lead to a reactor trip or could be handled by a
Faults | reactor cutback. .

27. Total Loss of FW Flow (all loops) Trip on low steam generator level.

28. Loss of Condensate Pumps (all 1oops) Trips all FW pumps. ) ‘

29. Loss of Condenser Vacuum Trips all FW pumps.

30. Condenser Lcakage Assumed to lcad to a loss of condenser vacuum,

31. Loss of Circulating iWatcr Treated as a loss of condenser vacuum, 7 '

32, Pressurizer Spray Failurc X Trips reactoron low pressure,  * . .~ . .. ..

>0 - . v . ety ew L ) Av““'.b,: -»: : m’.": . ] ‘:m Ih. ;. vq“it AP

33. Loss of Power to Necessary Plant Systems  Most loss of power events are treated as sciaaratc events.
Only thosc loss of power events that do not affect
mitigating systems are included here.

34. Spurious Trips - Cause Unknown

35. Automatic Trip - No Transicnt Condition . s

36. Manual Trip - No Transicnt Condition ~ v fre .

37. Loss of Off-site Power

38. Inadvertent Safety Injection Signal Since the HPSI pumps have a discharge -pressurc
significantly less than normmal RCS pressure, an
inadvertent SIS has no cffect on operating conditions.

39. Startup of Inactive Coolant Pump All RCPs run during reactor operation.
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‘ Table 4.1-1 Initiating Events Screening List (Continued)

40 Loss of Condcnsatc Pumps (1 loop) Thrcc condensate pumps total. Loss of onc may causc

opcrators (o shghtly reduce power; should not result in
trip.
41. Firc Within Plant Consxdcrcd in IEEE. '
‘ B. Plant-specific Events .
42. Lossof 125V Class 1E DC Power Four separate events considered: Loss of any of four DC
) control centers or distribution pancl powcred from its
respective DCCC. ‘
43. Loss of 120V Class 1E AC Instrument Two cvents considered: Loss of cither Channel A or B
Power vital AC distribution pancl.
44, Loss of Instrument Air System Does not directly 'txip reactor; however, extended loss will
lcad to manual trip. .
45, Loss of Control Room HVAC Lcads to spurious load sheds. }
. 46. Loss of DC Equipment Room HVAC Includes loss of Division 1 DC Equipment Room HVAC

and loss of Division 2 DC Equipment Room HVAC. Leads
to loss of class 120V AC and 125V DC power.

47. Large Sccondary Line Break Unisolable from stcam generator.

48. Stcam Generator Tube Rupture

tp 'K LT

49. Interfacing Systems LOCA” C o : .

- " , 4 P

50. Large Feedwater Line Break Undercooling cvent.
51. Small, Medium, and Large LOCAs

a. Control Element Asscmbly Calculator and Core Protection Calculator function to trip reactor under certain
abnormal CEA configurations. ‘ ‘ .

' = C ' B . v .
I3 - Ey
- P
. L. . W™
'
-
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Table 4.1-2 Initiating Events for PVNGS

R : Potential IE ]
"7 . Initating Event - Category Name Event Tree
1. Total Loss of FW Flow (all loops) 16 IEFWP Loss of Main Fecdwater/
Condcnsate Pumps
2. Loss of Condensate Pumps (all 1oops) 28 IECPST Loss of Main Feedwater/
Condensate Pumps
3. Loss of Condenser Vacuum 29,30,31 IECONDVAC Loss of Main Feedwater/
Condensate Pumps
4. Large Secondary Linc Break 47 IESLB Large Sccondary Linc
Break
5. Steam Generator Tube Rupture 48 IESGTR Stcam Generator Tube
Rupture
6. FecedwaterLine Break S0 IEFLB Feedwater Line Break
7. Loss of Off-site Power 37 IELOOP Group Transicnt
8. Small LOCA 51 IESMLOCA Small LOCA
9. Medium LOCA 51 IEMLOCA Medium LOCA
10. Large LOCA 51 IELLOCA Large LOCA
11. Station Blackout IEBLACK Station Blackout
12. Spurious Closures of all MSIVs 15 | IEMSIV Group 'I!‘ransicflt‘.‘ "
13. Loss of Plant Cooling Water 24 IEPCW Group Transicnt
14. Loss of Instrument Air 44 IEIAS Group le;lnsicnt
15. Loss of Turbine Cooling Water 23,24 IETCW Group Transicnt
16. Loss of Nuclcar Cooling Water 23,24 IENCW “’Group Transicnt
17. Turbine Trip 25 - * IETT Group Transicnt
18. Miscellancous Trip 1-36 IEMISC Group Transient
19. Loss of Class 125V DC Channel A 42 IEPKAMA41 Group Transicnt
20. Loss of Class 125V DC Channcl B 42 IEPKBM42 Group Transient
21. Lossof Class 125V DC Channcl C 42 IEPKCM43 . Group Transicnt
22. Lossof Class 125V DC Channcl D 42 IEPKDM44 Group Transicnt
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Table 4.1-2 Initiating Events for PYNGS (Continued)

Potential TE- . ' o
- Initiating Event .- Category . ~ Name - - Event Tree
' 7 ©" Table 4.1-1 REDT DR
23. Loss of Class 120V AC Channel A 43 IEPNAD25 Group Transient
24, Loss of Class 120V AC Channel B 43 IEPNBD26 Group Transient
25. Loss of Control Room HVAC 45 IECRHVAC Leads directly to core
melt.
26. Loss of DC Equipment Room HVAC 46 IEDCRHVAC-1  Group Transient
Division 1
27. Loss of DC Equipment Room HVAC 46 IEDCRHVAC-2  Group Transient
Division 2
28. Interfacing Systems LOCA 49 IEISLOCA Inside Containment
treated under LOCA;
Outside Containment
Ieads directly to core
meclt.
29. Anticipated Transient without See Scction ATWS
SCRAM 4.1.3.16
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SECTION 5 System Analysis

5.1 General Approach

i . 5.1.1 Introduction

The system analysis for the PVNGS Probabilistic Risk Assessment (PRA)
included two groups of system fault trecs. First, the front-line system fault trees
required by the event-tree development were modeled. Subsequently, all of the
required support systems were modeled to the extent required by the front-line
system fault trccs

WIS e .'-‘ w4 . ¢

The analyS1s and dcvclopmcnt of cach fault trcc, along with the number of system
fault trees required, went through several stages. As the front-line systems were
fine-tuned to include as much detail as possible, more support system models were
developed. Additionally, as the cvent tree system requirements were reviewed for
various initiators, it required the creation of scveral fault trees for a front-linc |
system.

Component data basc development progressed in conjunction with the system
modeling. The level of detail in the system fault trees was directly influenced by
the level of available data. A data basc was originally developed before the system
analysis was modified and expanded to accommodate new component failures and
failure modes. Many of these component failure rates were later modified as better
data sources became available.
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The Analysis Process

5.1.2 The Analysis Process

The first step in analyzing a specific system was creation of a system notebook
using the System Notebook Format Guide. This guide was derived for the PVNGS
PRA from EPRI report Documentation Design for Probabilistic Risk Assessment,
October 1983, RP2171-3, and from the IREP Program Procedures Guide,
NUREG/CR-2728. This notebook included the following information:

a) Updated Final Safety Analysis Report (UFSAR) system information
b) Applicable system description information

¢) Mechanical Piping and Instrumentation Diagram (P&ID) and applicable
isometrics

d) Electrical and Instrumentation and Control (1&C) drawings for system
components including loop and logic diagrams

¢) Test and maintenance procedures
f) Technical specifications applicable to the system
g) Operation procedures including system lincups

h) Additional information rclating to system operation including
comparative data from other plants.

Conformation of the information used in the modeling was provided by the
following means:

a) Walkdowns of the arcas where the systems are located

b) Discussions with the System engineers regarding operation of the
equipment, problems experienced by the system, and any other
information which would have an impact on the system model

¢) Discussions with the Désigil engineers regarding the design capabilities of
the equipment

d) Discussions with Senior Reactor Operators regarding actions which would

be or are taken to operate systems or perform tasks during accident
scenarios '

¢) Discussions with Safety Ana]y;si's enginecrs rcgarding plant responses

f) Discussions, as warranfed, with other departments such as Maintenance,
Fire Protection, and Training,

To insure continued accuracy within the PRA Model, the PRA group receives
plant/technical specification documents pertaining to plant trips, incident
investigations, plant design changes, and daily plant statuses. The group is also
madc aware of industry occurrences which may have significant affect on the
PVNGS PRA Model. A representative is on the Engineering Design Review Board
toreview all design change packages and assess their impacts on the PRA. Arizona
Public Service plans to incorporate plant configuration and administrative practice
changes in the PRA on a refueling basis, that is, approximately every 18 months.
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High Pressure Safety Injection

5.2 System Descriptions .

A matrix of the front-linc and support system dependencics is represented in
Matrix 5.2-1.

52.1 Front-Line Systems

5.2.1.1 High Pressure Safety Injection

5.2.1.1.1 System Function
The High Pressure Safety Injection System (HPSI) is pan of the Safety Injection
(SI) System, which includes Low Pressure Safety Injection (LPSI), Safety
Injection Tanks (SIT), and the shutdown cooling heat exchangers. The SI system
includes the following functions:

 Inject borated water into the Reactor Coolant System (RCS) to flood and
cool the core following a loss of coolant accident (LOCA), thus preventing
a significant amount of cladding failure along with subsequent release of
fission products into the containment.

+  Provide for the removal of heat from the core for extended periods of time
following a LOCA. "

+ Inject borated water into the RCS to increase shutdown margin following
a rapid cooldown of the system due to a secondary line break.

» HPSI initiation is also required to inject borated water in the event of a
stcam generator tube rupture and to provide negative reactivity fora CEA
c¢jection incident.

The primary function of the HPSI system is to inject borated water into the RCS in
the event of a small break in the RCS boundary. For small LOCAs, where RCS
pressure is expected to remain at approximately 1255 psig forlong periods of time,
the HPSI pumps ensure sufficient injection flow. The HPSI system increases the
- “shutdown margin by injecting borated  water in the‘event of a severe overcooling-
accident.

The HPSI system also provides hot-leg injection (HLI) for long term cooling
during LOCAs. HLI insures cooling water flow across the core and serves to
prevent the concentration of boric acid which could result in a blockage of flow to
the core. HLI js initiated by procedure for all LOCAs, however it is only required
for Medium and Large LOCAs. HPSI also provides injection flow during the
recirculation phase once-the 'Refueling Water, Tank (RWT) is depleted and the
source of water for the Safety Injection (SI) system is from the containment sump.
5.2.1.1.2 - System Success Criteria ,
The HPSI system is needed to mjcct borated water only in the event of a Small or
Medium LOCA, Steam Generator Tube Rupture (SGTR), or a rapid cooldown of
the RCS due 1o stcam line rupture. The Updated Final Safety Analysis Report
(UFSAR) mdxcates that 75% of the flow of onc of the HPSI pumps is sufficient to
maintain adequate RCS inventory and boration for any of these scenarios. Since
the HPSI system injects via eight lIines, this criteria could be restated as obtaining
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52.1.13

design flow in at lcast three of the cight injection paths, irrespective of how many
pumps provide it. Notc that if both pumps are involved in supplying flow to only
three paths, i.c., the remaining paths arc obstructed, the flow in cach line is likely to
excced nominal design flow. Hence, this is a conservative interpretation of the
UFSAR criteria.

The success criteria for the HPSI system, for associated :Small or Medium LOCA

and Feedwater Linc Break events, is given below:: - -
» SmallLOCA Three HPSI injection lines available to provide
makeup to the RCS

» Medium LOCA Same as Small LOCA

« Feedwater Line
Break Same as Small LOCA.

e HLI One train of HPSI is aligned within two hours to
provide injection flow into-a RCS hot-leg (during
Medium and Large LOCA cvents)

For SGTR and main stcam line rupture events, all HPSI flow will enter the RCS
and all injection lines will be credited as initially available. In addition, even if
only one HPSI injection linc was unobstructed, the flowrate would exceed 350
gpm (pump design flowrate is 850 gpm).

The secondary line break event also makes relatively minor demands on the HPSI
system. (See Scction 4.1.3 for a discussion of secondary linc break initiating
cvent). Successful HPSI via one line again provides adequate RCS inventory
makeup and boration to mitigate the brief localized return to power or short.term
RCS volume shrinkage that may develop in certain steam line break sequences.

The success criteria for the HPSI system for associated SGTR and Secondary Line
Break events, is given below:

« SGTR ~ One HPSI mjccnon lmc avanlablc to provxdc makcup, to

Y theRCS -
» Sccondary Line One HPSI injection line available to provide makeup to
Brcak the RCS
System Description

The HPSI system consists of two redundant, full capacity injection trains. Each
train consists of one HPSI pump, one hot-leg injectionline, and four branch
headcers with each discharging through a-HPSI valve to a RCS cold-legDuring the
injection phase following a LOCA, each HPSI pump takes scparate suction from
the RWT via a 20-in. suction header common to the Low Pressure Safety Injection
(LPSI) system and the Containment Spray systcm (operation of the HPSI system
during the recirculation phase is discussed in Section 5.2.1.2). The HPSI pumps
discharge into the four safety injection lines common to the LPSI and Safety
Injection Tank (SIT) discharges and then into the RCS through the four safety
injection nozzles, one in cach of the four RCS cold-legs. A simplified diagram of
the HPSI system in the injection mode is shown in Figure 5.2-1.
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The HPSI system is in standby during normal plant operations but automatically
actuates when a Safety Injection Actuation Signal (SIAS) is received. A SIAS is
produced upon two-out-of-four coincident low pressurizer pressure (<1837 psia)
or high containment pressure signals (>3 psig). SIAS provides direct actuation of
the HPSI Motor Operated Valves (MOVs) and indirect actuation of the HPSI
pumps via the ESF load scquencers.

When RCS pressure drops below HPSI pump shutoff head (approximately 1900
psi), check valves in the injection lines open to pass flow to the RCS cold-legs. In
order to ensure the HPSI pumps are not damaged while RCS pressure remains
above their shutoff head, a minimum flow line back to the RWT is provided. A
MOV in this line closes automatically when pump suction switches over to the
sump for the recirculation phase to prevent a depletion of the containment sump
inventory.

Two to three hours following a LOCA, Control Room operators cstablish HLI by
aligning the HPSI system such that approximately 50% of the flow delivered by
cach train goes into the hot-legs and 50% goes into the cold-legs. Although this
will occur while the HPSI system is still in injection phase for many Small LOCA
scenarios, HLI is only of importance for Medium and Large LOCAs and initiation
will occur in the recirculation phase. A simplified diagram of the HPSI system in
the HLI mode is shown in Figure 5.2-2,

Major Components

The two HPSI pumps are located outside containment in the Auxiliary Building on
the 40-ft. level in individual pump rooms, They are horizontal, multistage,
centrifugal pumps driven by 1000 hp motors. The shutoff head of the HPSI pumps
(approximately 1900 psig) is selected so that for small breaks, the RCS pressure
can be maintained above the sctpoint of the steam generator safety valves, thus
enabling decay heat to be removed by blowing steam through these valves.
Maximum HPSI pump discharge pressure is not high enough to lift the primary
safety relief valves. Design flowrate for each pump is 850 gpm including 35 gpm
bypass-flow-back-to the RWT via the minimum flow lineThe pump-shaft seals arc
mechanical and arc¢ cooled by pumped water, like the bearing housings. The pump
is designed for opecration at pumped fluid temperatures of up to 350° F.

Each HPSI pump takes suction from a ten-inch line and discharges to a four-inch
high pressure (2050 psig) line. Downstream of the pump discharge check valves,
Train A piping pressure rating increases to 2485 psig while Train B piping
maintains the 2050 psig rating of thc pump discharge up to the injection MOV,
Downstream of the injection MOVs, ‘the piping pressure rating is 2485 psig.

The four HPSI header injection MOVs per train are used to initiate HPSI flow to
the RCS cold-legs. The valves are 2-in. motor operated globe valves which open
fully on a SIAS. The valves are locatcd outside containment and may be operated
and throttled from the control room or manually operated locally.

The four high-pressurc hcadcrs _n cach train are orificed such that a break
downstream in one of the xnjgctxon MQVs docs not divert all HPSI pump flow
from the three intact headers, ~ " " *
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52.1.16

For HLI, HPSI flow is injected onto the RCS hot-leg via a 3-in, header which
includes two 3-in. MOVs: one a gate and the other a globe valve. The gate valve
provides isolation and the globe valve is throttled from the control room to
establish the desired hot-leg flow.

Instrumentation for the Hl;SI system includes control room indication of pump and
major valve status. HPSI system pressure, flows, RWT, and Containment Sump
level indication is also available to the control room operator.

Testing and Maintenance

The HPSI pumps are tested quarterly per PVNGS Technical Specifications. A
HPSI system valve verification and Emergency Core Cooling System (ECCS)
piping fill verification is performed every 31 days. The HPSI MOV are stroked by
the performance of Engincered Safety Features Actuation System (ESFAS) relay
testing every 62 days. Testing is performed on HPSI valves each 92 days or every
18 months, as required, in accordance with American Socicty of Mechanical
Engineers Standards (ASME), Section XI.

Equipment unavailability due to unscheduled maintenance is included for HPSI
valves used for cold and hot-leg injection. Unscheduled maintenance is also
included for the HPSI pumps and supply breakers.

System Dependencies and Interfaces

Actuation

The normally closed HPSI header MOVs receive their actuation signal to open
dircctly from SIAS. The Train A HPSI valves receive the SIAS Train A signal
while B Train HPSI valves are actuated by SIAS Train B.

The HPSI'pumps are each actuated by their respective Engincered Safety Features
(ESF) emergency load sequencers whenever the load sequencers receive a SIAS or
Containment Spray Actuation Signal (CSAS) Each load sequencer automaueally

“load sheds*the“*HPSI‘pump-along with fiuinérous othér safety 16ads ‘from its

associated 4.16kV emergency bus whenever it receives a LOP signal. After the
emergency Dicsel Generator (DG) is up to speed and supplying power to the
4.16kV emergency bus, the HPSI pump is sequenced on if a SIAS or CSAS signal
is present.

Electric Power

Each HPSI pump receives motive power from the Class IE 4.16kV AC bus of its
own division. Control powet for the Train A pump breaker is prov1dcd by Class 1E
125V DC distribution panels PKAD21 while PKBD22 provides control power for
the Train B pump breaker.

The HPSI MOVs receive motive and control power from the Class 1E 480V AC
Motor Control Centers (MCCs) associated with their respective power divisions.

HLI MOVs SIC-HV321 and SID-HV331 receive motive and control power from
Class 1E 125V DC buses PKC-M43 and PKD-M44, respectively.

Rev.0 4/7/92

5.2.1 Front-Line Systems 5-6




High Pressure Safety Injection

.
’

HVAC
The Auxiliary Building HVAC system cools the HPSI pump cubicles during
normal plant opcration. If a SIAS signal should occur, normal HVAC to these

. rooms is tripped and a dedicated emergency room cooler in each cubicle is

actuated. The essential room coolers consist of an air cooling coil and fan. The fan

.is powered by a Class 1E 480V AC MCC of the appropriate clectrical division and

the coil carries chilled water from the appropriatc Essential Chilled Water (EC)
train. (The SIAS signal also actuates the Essential Chilled Water, Essential Cooling
Water, and Essential Spray Pond Systems.)

Loss of HPSI pump room HVAC will result in actuation of alarm in Comml Room
when the room temperature reaches 105° F,

Water Sources

The HPSI, Low-Pressure Safety Injection (LPSI), and Containment Spray (CS)
system all take suction from the RWT during the injection phase following a SIAS.
This subsystem, which is common to all three ECCS systems, includes the RWT
and the two separate SI suction lincs up to the common Juncuon at the suction of
cach train of the HPSI LPSI, and CS pumps.

The RWT is a 750.0()0 gallon tank located outside the Containment Building, It is
required by Technical Specifications to contain at lcast 573,744 gallons of water
with a boron concentration between 4000 and 4400 ppm and a temperature

~

* between 60 and 120° F during operations in Modes 1, 2, 3, and 4. The basis for the

minimum allowed volume is a requirement that the RWT provide at least 20 mins.
(plus a 10% margin) of full flow to all ESF pumps prior to rcaching a low-level
switchover to the containment sump. The required boron concentration of the
RWT guarantees that the reactor will remain subcritical in the cold condition once
the RWT and RCS water volumes mix, even if the most reactive Control Element
Assembly (CEA) is stuck out of the core.

RWT water is passed through a fine strainer before being drawn into either of the

two-20-in~ESF-pump-suction-ines: Onc line-supplies-Train A-while‘the other .

supplies Train B pumps. Each line contains a check valve'and a normally open
MOV which can be manually operated from the control room. The operator is
directed to isolate the RWT following a Recirculation Actuation Signal (RAS)
actuation once flow from the containment sump is verified. RWT isolation is
achieved by closure of the RWT isolation MOVs. Operator failure to isolate the
RWT does not fail the Safety Injection pumps.

Control room operators are required to align the HPSI system for HLI within 2-3
hrs. from the initiation of a Medium or Large LOCA event. Operator failure to
align HLI is described in Section 7.4.

Control Room opcrators throttle HPSI after SIAS actuation provided all of the
following criteria can be met:

1. RCS subcooled greater than 285 E. .
2. Reactor vessel level indicators show vond rcstncted to upper head
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3. Pﬁ:ssurizcr level greater than 33% and controllable . ‘
4. Once stcam gencrator is-capable of maintaining heat removal.

Operator action is required to provide backup cooling to the HPSI pump room in
the event of a loss of room cooling. Operator failure to provide backup cooling to
the HPSI pump room given a failure of room cooling is described in Section 7.4.

5.2.1.1.7 Technical Specifications
The following PVNGS Technical Specifications are applicable to the HPSI system
operation:

a) Specification 3/4.5.2 concemning ECCS Subsystems requires that both
HPSI trains be operable. If one train is inoperable, the inoperable HPSI
system should be restored within 72 hrs. or be in hot standby in 6 hrs.
Surveillance requirements necessitate a valve alignment and that system
fill procedures be performed cvery 31 days. Automatic valves are verified
in correct position duc to an actuation signal (SIAS or RAS) cvery 18
months. HPSI pump auto start on SIAS and CSAS is required to be
performed cvery 18 months. A flow test through each header is requm:d
cvery 18 momhs

b) Spcclﬁcauons 3/4.1.2.6 and 3/4.5.4 require that the RWT be opcrablc with
the proper volume, temperature, and boron concentration. The boron
concentration and ‘water volume are required to be verified every seven
days and the temperature is required to be checked every 24 hrs,

5.2.1.1.8 System Operation ) .
During normal operation at reactor power, the HPSI systcm does not operate.
During this mode, the HPSI system is in the standby condition and aligned for
possible emergency operation.

The HPSI system is automatically initiated by low pressurizer pressure (<1837
psia) or high containment pressure (>3 psig), which starts the HPSI pumps and
opens the'HPSI valves-HPSI-can-also-be:manually-initiated.sThe puriips. initially -’
take suction from the RWT and, when a low level is reached in the RWT, a RAS
automatically transfers the pump suctions to the containment sumps. Operators arc
directed to close RWT isolation MOVs once flow is verified from the containment
sump,

Initially, HPSI provides makeup flow into cach of the RCS cold-legs, but within
. two to three hours.of a LOCA, the operator is directed to align half of the HPSI
flow into the hot-legs to prevent boron precipitation in the core, + 1 :

5.2.1.1.9 Major Modcling Assumptions

a) In the process of developing HPSI success criteria for LOCA events, it
was determined that the amount of SI water actually reaching the core
- could be significantly impacted by the location and size of the piping
rupture. Each of the four SI lines injects into one of the four RCS cold-
legs. Thus, a cold-leg rupture or a rupture in an S] line itself could result in
a LOCA in which some or all of the injection flow of one SI line is lostout '
the rupture, never serving to flood and cool the core. Since two HPSI lines '
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deliver flow to each SI line, it follows that two of the eight HPSI paths will
be diverted. While it is true that most LOCA break locations and sizes
would divert only a fraction of the flow in an SI line (or none at all), it is
conscrvatively assumed that all LOCA events result in the loss of i chcuon
flow fromone SIline. - «

Availability of the HPSI piimp minimum flow recirculation line following
an accident requiring Sl is not judged to be important to successful HPSI
system operation. The minimum flow line protects against a dead-headed
condition of the pumps while RCS pressure remains above HPSI shutoff
head (1900 psig). However, RCS pressure drops to this level within
minutes of any accident that generates a SIAS and since the HPSI pump
can be run in a dead-headed condition for at least 20 mins., the availability
of a minimum flow line is not considered to be an important factor in the
successful operation of HPSI in the injection mode.

Ruptures of the piping and components of a HPSI train arc generally not
considered as failure modes duc to the extremely low probability of
sustaining a large enough break to divert significant flow and the high
likelihood of detection within a shift (the HPSI lines are maintained water
solid). However, catastrophic rupture of the RWT tank represents a
common-cause failure of all SI trains. In addition, rupture of the two
suction pipe scgments between the SI pumps of each train and the RWT is
modeled since a catastrophic rupture in one of these segments would fail
HPSI, LPSI, and Containment Spray (CS) in the associated train.

Two potential diversion paths for HPSI flow are modeled. Both paths
involve the failure of a check valve and could divert all HPSI flow in one
SI line. Diversion via the low pressure injection header will occur if the
LPSI check valve cither failed to close after it was last opened or the
injection check valve undergoes catastrophic internal rupture and RCS
pressurc remains above Low Pressure Safety Injection (LPSI) pressure.
Rupture of the check valve could occur at anytime during standby

(although'no pressure differential exists) without being detected since'the

LPSI MOV is normally closed. Given an accident that gencrates a SIAS,

the LPSI MOV opens automatically and HPSI flow will be diverted out
one or more of the LPSI pressure relief valves if the LPSI check valve has
failed. A second potential diversion via the SIT tanks exists. The check
valve in cach SIT line is verified closed during startup. Therefore, the only
failure mode of concern is catastrophic internal rupture. Given a ruptured
SIT check valve, HPSI flow in that SI line will be diverted to the SIT tank

" and cventually'out the SIT relicf valve as long as RCS pressure remains

above the relief valve setpoint of 700 psig.

Failure of the HPSI pumps due to extreme environment (loss of pump
room cooling) is included in the HPSI fault tree. The maximum HPSI
pump room temperature reached in 24 hrs. with no HVAC is 199° E. If the
HPSI pump room door is opencd within 2 hrs., the maximum temperature
reached is 165° F (sce Section 6.2, 5). As discussed in Section 6.2.5, room
temperatures which result from loss of HVAC were determined not to
immediately threaten pump operability, although reliability is significantly
degraded. Accordingly, the probability of pump failure due to loss of
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HVAC was adjusted as described in Section 6.2.5.

f) Backup HVAC cooling for the HPSI pump room consists of an operator
blocking open the pump room door thereby providing natural convection
cooling to the room.

g) The mission time used in the model for HPSI phase is 16 hrs. The mission
time is based upon the time to deplete the RWT inventory for the most
limiting small break LOCA. The mission time for HPSI in the injection
phase for Medium LOCA events is 1 hr.

h) There is a long termn HPSI line that operators are directed to use 2-3 hrs.
from the initiation of a LOCA. When the valves are aligned correctly, half
of the pump flow passes to the hot-leg and half continues to inject into the
cold-leg. This will help prevent boron precipitation in the core for large
cold-leg breaks. It is assumed that the long term hot-leg alignment of HPSI
is not needed to prevent core melt for Small LOCA.

i) Common-cause failures are included in the HPSI fault tree for HPSI
pumps and HPSI MOVs. Common-cause failures for the injection valves
include failure of a single train and both trains,

5.2.1.1.10 System Analysis Results

The major system malfunctions of HPSI include common-cause failure of both
HPSI pumps-and common-cause failure of the HPSI valves to open. Also
important in the system cutsets is failure of both trains of the SIAS system to
actuate followed by an operator failure to manually actuate HPSI. Common-cause
failure of SIAS includes failure of the RCS pressure transmitters or failure of the
transmitter bistables. Electrical failures resulting in failure of the HPSI system are
only important during loss of off-site power scquences.

Major system malfunctions for HLI include failure of operators to align HLI
following a LOCA, common-cause failure of the hot-leg injection valves, and
random failures of the hot—]cg injection valves. Thcsc are 1mportant only for
Medium and Large/LOCAS. =« + « . - v :
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5.2.1.2 High Pressure Safety Recirculation

5.2.1.2.1

System Function

. ‘High Pressure Safety Recirculation (HPSR) is a function of the High Pressure

5.2.1.2.2

5.2.1.2.3

5.2.124

Safety Injection (HPSI) system. The function of HPSR is to make up RCS
inventory for the removal of heat from the core for extended periods of time
following a LOCA. .

In the recirculation mode, the HPSI pumps recirculate the inventory from the
containment sump back to thc RCS. HPSR can provide adcquate decay heat
removal for those LOCAs in which the RCS pressure after refill (<538 psia) is not
sufficient to allow for shutdown cooling operation.

System Success Criteria

The success criteria for the HPSI system during recirculation for associated LOCA
cvents is:

One HPSI train with a suction on the containment sump provides makcup
through three HPSI injection lines to the RCS. To provide for long term
cooling and prevention of boron precipitation in the core, one HPSI train will
be aligned within 2-3 hrs, to provide hot-leg injection flow that is simultancous
with cold leg injection flow. -

System Description

The HPSI system supplics borated water to the RCS to maintain core cooling
during LOCAs and main steam linc brecaks when RCS inventory is lost or an
overcooling transient occurs, For larger break LOCAs and those LOCAs for which
break flow is not terminated, the RWT will eventually be depleted.

Once the RWT reaches the low level setpoint of 7.4%, the ESFAS generates aRAS

signal- which-automatically- ahgns the-HPSI~and~CS pump’suctiGn to the. " -

containment sump. The HPSI, CS;and LPSI minimuin recirculation flow lines'to
the RWT arc automatically isolated on a RAS to prevent a loss of inventory from
the containment sump (RCS routed back to RWT). A simplificd drawing of the
HPSI system in the recirculation mode is shown in Figure 5.2-3,

Major Components.

Except for the containment sump valves, the:major components of the HPSI
system are described in Section 5.2.1.1.4. Each SI train has a containment
recirculation line which connects the containment sump with the SI pump suction.
Each containment sump recirculation line consists of a 24-in, header with two
normally closed 24-in. motor operated gate valves (one located in containment)
and a 24-in. check valve. Each containment sump isolation MOV is opened upon
receipt of a RAS.

Baffles and intake screens are installed to limit the:maximum particle size entering
the recirculation piping to 0.09-in. diameter to prevent flow blockage in the safety
injection components and in the reactor.
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5.2.1.2.5

5.2.1.2.6

5.2.1.2.7

5.2.1.2.8

52129

Testing and Maintenance

The containment sump recirculation MOVs are tested per ASME Standards,
Scction XI, cvery 92 days.

Equipment unavailability duc to unscheduled maintenance is included for the
containment sump recirculation MOVs (UV-674/676) which are located outside
containment.

System Dependencies and Interfaces

The system dependencices and interfaces for the HPSI system, as described in
Section 5.2.1.1.6; apply to HPSR. The following arc associated with the
containment sump MOVs.

Actuation

The containment sump isolation MOVs open and the HPSI pump mini-flow
recirculation MOV close upon receiving a RAS once the RWT reaches alow level
of 7.4%. ’

Electric Power

The containment sump isolation MOVs and the HPSI pump mini-flow
recirculation MOVs receive motive and control power from Class 1E 480V AC
MCCs associated with their respective power divisions. ’

'

Qperator Action

Operator action is required by procedure to close the RWT MOVs once a RAS
occurs and flow is verificd from the containment sump.

Technical Specifications

The PVNGS Technical Specifications applicable to HPSR are described in Section
5.2.1.1.7.

System Operation

When the RWT level drops to its predetermined low level (7.4%) at the end of the
safety injection phase, a RAS is generated. This signal transfers the HPSI and CS
pump suction from the RWT to the containment sumps. The RAS signal also stops
the LPSI pumps. Once initiated, recirculation continues until terminated or
modified by the operator. .

Major Modeling Assumptions” oo

a) RAS rcaiigns HPSI pump suction from the RWT to the containment sumps
and closes both the HPSI mini-flow MOVs (UV-666-667) and the SOVs in
the mini-flow lines common to LPSI and CS (UV-660,659). If these lines
are not isolated by successful closing of at lcast one of the isolation valves,
recirculating sump water will gradually begin refilling the RWT. This
diversion of HPSR flow was ncgated in the model for the following
reasons: (1) It requires cither failurc of RAS (which alrcady fails HPSR) or
failure of two MOVs, in series, to close, (2) There arc indications that
HPSR flow is being diverted to the RWT and considerable time is
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available to correct the problem, and (3) The diverted inventory is not lost
and can be resupplied to the pump suction.

b) The HPSR fault tree uses much of the same logic as the HPSI tree. The
injection phase is estimated to last approximately 16 hrs. and recirculation
is alloted the remaining'8 hrs. for a total mission time of 24 hrs. For
Medium LOCAs the injection phase is estimated to last 1 hr. and
recirculation is alloted the remaining 23 hrs.

¢) No maintenance is assumed to be permitted on the MOVs (UV-673, 675)
in the containment sump during power operation.

d) Spurious close faults for the HPSI MOV are not modeled for either HPSI
or HPSR. These faults arc considered negligible due to low probability
and redundancy of the HPSI valves.

¢) Emergency procedures require the RWT isolation valves to be closed
following a switch-over to the containment sump as a suction source. This
prevents the backflow of radioactive sump water to the RWT, which is
vented to the Fuel Building. Early isolation of the RWT due to an
inadvertent RAS failing the HPSI pumps is not modeled. This is based
upon the low probability of receiving an inadvertent RAS during aLOCA
cvent when insufficient level exists in the containment sump.

f) Common-cause failures are included in the HPSR fault tree for HPSI
pumps, HPSI MOVs, and containment sump recirculation valves.
Common-cause failures for the injection valves include failure of a single
train and both trains.

5.2.1.2.10 System Analysis Results
The major system malfunctions for HPSR include mechanical and control circuit
failures for the containment sump recirculation valves as well as common-cause
failures of the RWT level transmitters and containment recirculation sump valves.
Also important to this analysis is failure of RAS to open the containment
recirculation sump yalves on RWT Jow. level.

]
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Low Pressure Safety Injection

5.2.1.3

5.2.1.3.1

5.2.1.3.2

5.2.1.3.3

Low Pressure Safety Injection

System Function

The Low Pressure Safety Injection System (LPSI) is part of the Safety Injection
(SI) System, which includes High Pressure Safety Injection (HPSI), Safety
Injection Tanks (SIT), and the shutdown cooling heat exchangers. The function of
the SI system is described in Section 5.2.1.1.1.

The primary function of the LPSI system is to inject large volumes of borated
water into the RCS in the event of a Large LOCA. LPSI is also used for Small
LOCA and SGTR events which result in a failure of HPSI.

System Success Criteria
The success criteria for the LPSI system for associated events is:

+ Large LOCA.  One train is available to inject borated water into two SI

injection headers.
+  Small LOCA/

SGTR One LPSI train through one injection header is
sufficient to prevent core damage once the control room
operators have dcprcssurxzcd the RCS to <140 psia to
permit LPSI flow.

System Description

The LPSI system consists of two full-capacity injection trains. Each train has one
LPSI pump and two branch headers, each discharging through its own injection
MOV to a RCS cold-leg. Depending on system conditions, the LPSI pump suction
may be from either the RWT or the containment sump once the RWT inventory is
depleted (LPSI pumps are tripped by RAS on a RWT low level). Operation of the
LPSI system during recirculation is discussed in Section 5.2.1.4. A simplified
diagram-of - the I:PSI'system in the injection mode is shown'in'Figure 5!2-4,% ¢ ~

The LPSI pumps inject large volumes of borated water into the RCS during an
emergency involving a Large LOCA. During a Large LOCA, after the safety
injection tanks (SI1Ts) have emptied, LPSI keeps the reactor vessel annulus filled to
maximize reflood and eventually quenches the core, LPSI is also used when HPSI
failures have occurred during Small LOCAs and SGTR events. Upon failure of
HPSI, the Control Room operators will depressurize the RCS to approximately
140 psia, using the stcam generators, to allow LPSI flow into the RCS. The other
function of the LPSI pumps is to provide shutdown cooling flow through the
reactor core and shutdown cooling heat exchangers for normal plant shutdown
cooling operation or as required for long term core cooling. Shutdown cooling is
discussed in Section 5.2.1.6.

During normal operation, the LPSI pumps arc isolated from the RCS by the
injection MOVs, The LPSI system automatically goes into operation when a
Safety Injection Actuation Signal (SIAS) or Containment Spray Actuation Signal
(CSAS) is received. SIAS is produced due to two out of four coincident low
pressurizer pressure (<1837 psia) or high containment pressure (>3.0 psig) signals.
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5.2.1.3.4

5.2.13.5
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SIAS or CSAS provide indirect actuation of the LPSI pumps via the ESF load
sequencers and a SIAS provides direct actuation of the LPSI MOV,

When RCS pressure drops below LPSI pump shutoff head, check valves in the
injection lines open to pass flow to the RCS cold-legs. In order to ensure that the
LPSI pumps are not damaged while RCS pressure remains above their shutoff
head, a minimum flow line back to the RWT is provided. This line is automatically
isolated during the recirculation phase to prevent a depletion of the containment
sump inventory.

Major Components

The two LPSI pumps are located outside containment in the Auxiliary Building on
the 40-ft. level in individual pump rooms. They are vertical, single stage,
centrifugal pumps driven by 470 hp motors. Design flowrate for each pump is 4300
gpm including 100 gpm bypass flow back to the RWT via the minimum flow line.
The pump shaft seals are mechanical and, like the bearing housing, are cooled by
pumped water. The pump is designed for operation at pumped fluid temperatures
of up to 400°F,

Each LPSI pump takes suction from a 20-in. suction header from the RWT, which

-is common to the same train HPSI and CS pumps. The LPSI pumps discharge into

a 10-in, discharge header, which splits into two 12-in. headers containing the LPSI
MOVs. The LPSI MOVs are 12-in, motor operated globe valves that open fully on
a SIAS. The valves are located outside containment and may be operated and
throttled from the control room or manually operated locally.

The LPSI injection headers in cach train have orifices such that a malfunction
downstream in one of the injection MOV does not divert all LPSI pump flow from
the train.

Instrumentation for the LPSI system includes Control Room indication of pump
and major valve status. LPSI system pressures, flows, and RWT and contammcnt
sump level indication is'al$o availablé o' the Coritrol Room operator. * )

Testing and Maintenance

The LPSI pumps are tested quarterly per PVNGS Technical Specifications. A
valve position verification is performed every 31 days. ASME Standards, Section
X1, are utilized to perform tests on the LPSI valves every 92 days or every 18
months,

» . M Fl L TR k' vt
Equipment unavailability due to unscheduled maintenance is included for LPSI
suction, minimum flow rccirculation, and injection valves. Unscheduled

maintenance is also included for the LPSI pumps and supply breakers.

System Dependencies and Interfaces |

Actuation

The normally closed LPSI injection headcr MOVs receive their actuation signal to
open directly fromSIAS. The Train A LPSI valves receive the SIAS Train A signal
while Train B LPSI valves are actuated by SIAS Train B.
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5.2.1.3.7

The LPSI pumps are actuated by their respective ESF emergency load sequencers
whenever the load sequencers receive a SIAS or CSAS signal, Each load
sequencer automatically load sheds the LPSI pump along with numerous other
safety loads from its associated 4.16kV emergency bus whenever it receives a LOP
signal, After the emergency DG is up to speed and supplying power to the 4.16kV
emergency bus, the LPSI pump is sequenced on if a SIAS or CSAS signal is
present.

There are no other automatic actuations of LPSI components while in the irijection
phase,

Electric Power

Each LPSI pump receives motive power from the Class 1E 4.16kV AC bus of its
own division. Control power to start and stop the Train A pump is provided by
Class 1E 125V DC distribution pancl PKAD21. Pancl PKBD22 provides control
power for the Train B pump.

The LPSI MOVs receive motive and control power from the Class 1E 480V AC
MCCs associated with their respective power divisions.

HVA

The Auxiliary Building HVAC system cools the LPSI pump cubicles during
normal plant operation. If a SIAS signal should occur, normal HVAC to these
rooms is tripped and a dedicated emergency room cooler in each cubicle is
actuated. The essential room coolers consist of an air cooling coil and fan, The fan
is powered by a Class 1E 480V AC MCC of the appropriate clectrical division and
the coil carries chilled water from the appropriate Essential Chilled Water Train.
(The SIAS signal also actuates the Essential Chilled Water, Essential Cooling
Water, and Essential Spray Pond Systems.)

Loss of LPSI pump room HVAC will result in actuation of an alarm in Control
Room when the room temperature reaches 105°F. |

Operator Action

For Small LOCAs and SGTR cvents where both trains of HPSI fail, the operator is
required to depressurize the RCS using the stecam generators to approximatcly 140
psia to allow LPSI flow for RCS makeup. This operator action is described in
Section 7.4,

+ v

Operator action is required to  provide backup cooling to the LPSI pump room in
the event of a loss of room cooling. Operator failure to provide backup cooling to
the LPSI pump room given a failure of room cooling is described in Section 7.4,

No operator action of the LPSI system is required for Large LOCA events.

Technical Specifications
The following PVNGS Technical Specxﬁcauons arc applicable to the LPSI systcm
operation: |

a) Specification 3/4. 5 2 requires both LPSI trams to be operable. If one train
is inoperable, the inoperable LPSI system should be restored within 72 hrs,
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5.2.1.3.8

5.2.1.3.9

“,
.

or be in hot standby in 6 hrs. It-also requires that a valve alignment and
system fill procedures be performed every 31 days and RAS and SIAS
valves be verified operable every 18 months. LPSI pump auto start on
SIAS and CSAS is required to be performed every 18 months. A flow test
through cach header is required every 18 months.

b) Specifications 3/4.1.2.6 and 3/4.5.4 require that the RWT be operable with

the proper volume, temperature and boron concentration. The boron

. concentration and water volume are required to be verified every seven
days and the temperature is required to be checked every 24 hrs.

System Operation

During normal operation at rcactor power, the LPSI system does not opcrate.
During this mode, the LPSI system is in the standby condmon and aligned for
possible cmergency operation.

LPSI is automatically initiated by low pressurizer pressure or high containment
pressure, which starts the LPSI pumps and opens the LPSI MOVs, LPSI can also
be manually initiated. If the LOCA break is not of sufficient magnitude to
depressurize the RCS below the shutoff head of the LPSI pumps, then-a minimum

, recirculation flowpath must be provided to the LPSI pumps or pump damagc could

occur. The LPSI pumps ¢an be operated for 1 hr. on minimum recirculation. The
pumps initially take suction from the RWT and, when a low level is reached in the
RWT (7.4%), a RAS automatically trips the LPSI pumps and aligns the pump
suction to the containment sump.

For Small LOCAs and SGTR events, if both trains of HPSI fail,v the Control Room
opcerators must depressurize the RCS using the stcam generators down to where the
SITs and LPSI flow will occur. .

Major Modecling Assumptions

a) Ruptures of the piping and components of a LPSI train arc gencrally

. .. neglected as-failure-modes in-the LPSI fault trees due to the extremely low”
probability of sustaining a large enough break to divert' significant flow
and the high likclihood of detection within a shift (the LPSI lines are
maintained water solid). However, catastrophic rupture of the RWT tank
represents a common-cause failure of all SI trains. In addition, rupture of
the two suction pipe segments between the SI pumps of each train and the
RWT was modeled since a catastrophic rupture in one of these segments
would fajl HPSI, LPSI, and CS in thc associated train.

b) Failure of the LPSI pumps due to extreme environment (resulting from
loss of pump room coolmg) is included in the LPSI fault tree. The
maximum LPSI pump room temperature reached in 24 hrs. withno HVAC
is 189° F. If the door is opened the maximum temperature reached is
168° F (sce Scction 6.2.5). If no backup cooling is cstablished to the LPSI
pump room, then the LPST pump will fail within the 24 hrs. If the LPSI
pump room door is opened within 2 hrs. following a loss of room cooling,
then pump reliability is significantly degraded and the pump failure
probability is incrcased above'what it would be with room cooling

_available.
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5.2.1.3.10

c)

d)

g

The LPSI fault tree is modeled such that failure of any component in the
LPSI pump minimum flow recirculation linc to the RWT during the
injection phase will fail the pump die to overheating,

Backup HVAC cooling for thc LPSI pump room consists of an operator
blocking open the pump room door, thcrcby providing natural convection
cooling to the room.,

Common-causc failures arc included in the LPSI fault tree for LPSI pumps
and LPSI MOVs. Common-cause failures for the injection valves include
failure of a single train and both trains.

LPSI pump fail to run malfunctions arec modeled for inadvertent RAS
Actuation which results from:. 1) DC Equipment switchgear room HVAC
failure, 2) Spurious RAS relay actuation and 3) Common-cause failure of
RWT level instruments, x

The mission time for LPSI in the injection phase is 1 hr. for Large LOCA

‘events. The mission time for LPSI in the injection phase is 16 hrs. for

Small LOCA and SGTR events.

System Analysis Results

The major system malfunctions of LPSI include common-cause failure of both
LPSI pumps and LPSI MOVs to open. Also important to this analysis is failure of
SIAS (actuation relays and load sequencer) to actuate LPSI components and
control circuit faults which fail to start the LPSI pumps. For Small LOCAs and
SGTR events, the predominate failure mode of LPSI is that the Control Room
operator fails to depressurize the RCS to allow LPSI flow.

3
L
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) _ 5.2.1.4

5.2.14.1

5.2.14.2

‘ 5.2.14.3

Low Pressure Safety Recirculation

System Function -

Low Pressure Safety Recirculation (LPSR) is a function of the Low Pressure
Safety Injection (LPSI) system. The function of LPSR is to provide RCS inventory
for the removal of heat from the'core for extended periods of time following a
LOCA in the event that both trains of HPSI fail or HPSI fails during the
recirculation mode. If the LPSI pumps are to be used during recirculation, then the
LPSI pumps must be restarted by,the Control Room operator. In the recirculation
mode, the LPSI pumps recirculate the inventory from the containment sump back
to the RCS.

-
£
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System Success Criteria -

The success criteria for the LPSI system during recirculation for associated events
is given below:

» Large LOCA One LPSI train is available to take suction from the
containment sump to inject borated water into two SI
injection headers.

+ SmallLOCA One LPSI train is available to take suction from the
containment sump to inject through one injection
header. This is sufficicnt to prevent core damage once
the Control Room operators have depressurized the
RCS to permit LPSI flow.

System Description

The LPSI system supplics borated water to the RCS to maintain core cooling
during LOCAs when RCS inventory is lost. During large break LOCAs and those
LOCAs which arc long in duration, ecnough RCS inventory is lost out of the break
to deplete the volume of borated water in the RWT.

Once the RWT reaches the low level setpoint of 7.4%, the ESFAS generates a

Recirculation-Actuation*Signal*(RAS) whichi'trips both LPSI piimps and - »

automatically aligns the HPSI and CS pump suction to the containment sump, The
HPSI, CS, and LPSI minimum recirculation flow lines to the RWT are
automatically isolated on a RAS to prevent a depletion of containment sump
inventory. If both trains of HPSI fail, the LPSI pumps must be restarted by the
Control Room operators to ensure that containment sump inventory is injected into

“the RCS to maintain a covered core. A CS pump can be used to back up a LPSI

pump given its failure, though this is not credited in the analysis. A simplified

. diagram of the LPSI system'in the recirculation mode is shown in Figure 5.2-5.

52144

Major Components

Except for the containment sump valves, the major components of the LPSI system
arc described in Section 5.2.1.3.4. Each safety injection (SI) train has a
containment recirculation line which connects the containment sump with the SI
pump suction. Each containment sump recirculation line consists of a 24-in. header
with two normally closed 24-in. motor/operated gate valves (onc located in
contammcm) and a 24-in. check valve. Each containment sump.isolation MOV is
opened upon receipt of a RAS.

Rev.0 4/7/92

5.2.1 Front-Line Systems 5-19

<




Low Pressure Safety Recirculation

Baffles and intake screens are installed to limit the maximum particle sizc entering ‘
the recirculation piping to 0.09-in. diamcter to prevent flow blockage in the safety :
injection components and in the reactor.

5.2.14.5  Testing and Maintenance

| The containment sump recirculation MOVs are tested per ASME Standards,
| Scction XI, every 92 days. Equipment-unavailability due to unscheduled
\ maintenance is included for the containment sump recirculation MOVs (UV-674/
‘ 676) located outside containment.

5.2.14.6 System Dependencies and Interfaces

The system dependencies and interfaces for the LPSI system described in Section
5.2.1.3.6 apply to LPSR. The following are assocnatcd with the containment sump
MOVs.

- Actuation
The containment sump isolation MOVs open and the LPSI pump mini-flow
recirculation MOVs close upon receiving a Recirculation Actuation Signal (RAS)
once the RWT reaches a low level of 7.4%. RAS also trips both LPSI pumps.

Electric Power -

The comammcnt sump 1solauon *MOVsand the LPSI punip mini-flow
recirculation MOVs receive motive and control power from Class 1E 480V AC

MCCs associated with their respective power divisions. ‘

Opcrator Action )

Operator action is required by procedures to closc the RWT MOVs once a RAS
occurs and flow is verificd from the containment sump. Operator action is required
to restart LPSI pumps during recirculation given a failure in HPSI recirculation.
Operator failure to restart LPSI pumps during recirculation is described in Section
74.

¥ = .
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5.2.14.7 Technical Specifications

The PVNGS Technical Specifications applicable to LPSR are described in Section
5.2.1.3.7.

., 4 SR e s

5.2.14.8 System Operation
When the RWT level drops to its predetermined low level: (7.4%) at the end of the
injection phase, a rccxrculauon actuation signal (RAS) is generated. This.signal
transfers the HPSI and CS pump suction from the RWT to the containment sumps.
The RAS signal also stops the LPSI pumps.

If both trains of HPSI fail during the recirculation period, then the LPSI pumps are
manually restarted by the Control Room operators to provide the nccessary
recirculation flow. This recirculation flow must be continued until at least one train
of HPSR is restored.

- «

For a Small LOCA cvent; if both trains of HPSI fail, the Control Room operators
N must depressurize the RCS, using the steam gencrators, down to where SITs and ‘
LPSI flow will occur. If the Small LOCA event progresses long cnough to deplete
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‘ the RWT, and a RAS occurs, then the LPSI pumps must be restarted to provide
recirculation flow. :

- 5.2.1.49 Major Modeling Assumptions

a) The LPSR fault tree uses much of the same logic as the LPSI fault trce.
The mission time for LPSI in the recirculation phase is 23 hrs. for Large
LOCA cvents. The mission time for LPSI in the recirculation phase is 8
hrs. for Small LOCA cvents. '

| b) No maintenance is assumed to be permitted on the MOVs (UV-673, 675)
in the containment sump during power operation,

¢) Common-cause failures arc included in the LPSR fault tree for LPSI
pumps, LPSI MOVs, and containment sump recirculation valves.
Common-cause failures for the injection valves include failure of a single
train and both trains.

5.2.1.4.10 System Analysis Results
Major LPSR malfunctions include those failures in Section 5.2.1.3.10 and failures
of the containment sump recirculation MOVs. These malfunctions encompass
mechanical failures, control circuit faults, and RAS actuation failures which
prevent MOVs to open, Common-cause failure of the containment sump
recirculation MOVs and RWT level transmitters are also significant.

)
»
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5.2,1.5 Containment Spray System ’

5.2.1.5.1 System Function

The Containment Spray (CS) system functions after a LOCA, steam line break
(SLB), or fecdwater linc break (FLB) to provide a cool spray of water into the
containment via the containment spray header nozzles, The spray of water acts to
maintain containment integrity by reducing containment pressure and temperature,
and it limits the leakage of airborne activity from the containment.

Each CS train is normally aligned to pass flow through a Shutdown Cooling (SDC)
heat exchanger. Once the recirculation phase begins, the CS system functions to
remove decay heat from the containment sump water which it circulates. Heat is
removed from the SDC heat exchangers through the Essential Cooling Water (EW)
system,

5.2.1.5.2 System Success Criteria
The success criteria for the CS system for associated events is given below:

 Large LOCA One of the two CS trains operates to supply flow
through the associated SDC hecat exchanger to the
containment spray nozzles for at lcast 24 hrs.
Inventory is initially taken from the RWT and then
from the containment sump following a RAS, as |

required ‘ I
+ MediumLOCA  Same as Large LOCA |
» SteamLine Break Same as Large LOCA

+ Fecdwater Line Same as Large LOCA !
Break l

5.2.1.5.3 SystemDescription, | o, ,e . R

The CS system provides cooling sprays of boratcd watcr to thc upper regions of the
containment to reduce containment pressure and temperature during cither a
LOCA or alarge stcam or feed line break inside containment. The spray flow is
provided by the CS pumps which take suction from the RWT during the injection
mode and from a common suction line with HPSI/LPSI during the recirculation
mode of operation, There are two independent CS trains, The pumps provide flow
through the SDC heat exchangers and the spray control MOV, and discharge
borated water into the containment atmosphere through a dual sct of spray nozzle
headers. A simplified diagram of the CS system is shown in Figure 5.2-6.

The main spray headers arc located in the upper part of the Containment Building
to allow the falling spray droplets time to reach thermal equilibrium with the
stcam-air atmosphere. Additionally, auxiliary spray headers are located below
concrete decks at 120 and 140-ft. elevations to provide spray coverage to
containment volumes not reached by the main spray. The condensation of the
steam by the falling spray results in a reduction of containment pressure and ‘

temperature. Each spray header train provides 94% coverage of the containment
volume. Only one train of CS is required during a LOCA or SLB accident.
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5.2.1.5.4

The CS system is initiated by a Containment Spray Actuation Signal (CSAS),
which occurs on high-high containment pressure (8.5 psig). CSAS provides direct
actuation of the CS spray control MOV and indirect actuation of the CS pumps via
the ESF load scquencers. The load sequencers will also start the CS pumps given a
SIAS signal, but the spray control valves to the containment do not open until a
CSAS occurs. In order to ensure the CS pumps are not dead-headed and
subsequently damaged in a LOCA scenario where containment pressurization
occurs slowly, a minimum flow line back to the RWT is provided.

When low RWT level is reached (7.4%), a recirculation actuation signal (RAS) is
generated and the pump suction is automatically transferred to the containment
recirculation sump to maintain continuous containment spray. Additionally, a
MOY in the minimum flow line automatically closes during the recirculation phase
to conserve RCS inventory. The recirculated containment sump water is cooled by
the SDC heat exchangers prior to discharge into the containment atmosphere. Once
initiated, recirculation spray continues until terminated or modified by the
operator.

If the offsite AC power sources are lost, the CS pumps automatically receive
power from the DGs. One pump and its spray control valve are connected to each
DG. Once the DG has reached proper speed and voltage, the pump is 1oaded by the
ESF load sequencer along with the other ESF loads.

Major Components

The two CS pumps are located in the Auxiliary Building on the 40-ft. level. The
CS pumps are vertical, single stage, centrifugal pumps driven by 800 hp motors.

The pump motors are designed to reach rated flow within 5 secs. following a start
signal. The pump scals arc cooled by pump water and are designed for operation at
fluid temperatures up to 350° F. A scal throttle bushing is provided to restrict the
loss of fluid in the event of a gross seal failure. The pumps provide a design flow of
3890 gpm per pump to the CS header nozzles. To minimize the CS delivery time to
containment, the CS header is always kept full up to at least the 105-ft. Ievel in
containment, Level transmitters are located on each CS header and provide signals
to both a local instrument and a Control Room annunciator which activates an
alarm on low header level

The CS delivery control valves, UV-671/672, are motor operated flow control
valves that open fully on a CSAS and can be manually opened or closed from the
Control Room.

The spray nozzles located in the CS headers in the.dome of containment serve to
disperse the spray solution i in drop]ets throughout containment. The nozzles in
both the upper containment and below the 140-ft. containment level are oriented to
maximize the spray area to provide at least 94% coverage of the containment
volume.

The shutdown cooling heat exchangers provide cooling to the CS injcctioh water
during the injection and recirculation modes. The heat exchangers are cooled by
EW. There are two inlet and one outlet MOV that are used to isolate or throttle
flow through the SDC heat cxchanger. These valves are normally open. Each heat
exchanger also has a bypass MOV that is left normally closed through all spray
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5.2.1.5.5

5.2.1.5.6

modes. There is no cross-tic capability between the heat exchangers. EW to each
heat exchanger is automatically started on a SIAS or CSAS.

The CS pump mini-flow line has three main components: the mini-flow orifices
which restrict the flow from the CS pump to the RWT, the CS pump mini-flow
isolation MOV, and the Safety Injection common mini-flow solenoid valves. Both
sets of valves close on a RAS to prevent the flow of contaminated sump water back
to the RWT during the CS recirculation mode. Failure of these valves to close is
not considered a system failure. Two motor operated butterfly valves isolate the
CS, HPSI, and LPSI pumps from their respective containment sump. These valves
open on an RAS to allow water to flow to each pump from the sumps. (The LPSI
pumps arc automatically shut off on an RAS.) The sumps are located in the lower
containment and are surrounded by baffles and intake screens that limit the
maximum particle size entering the recirculation piping to 0.09 in, diameter. The
sumps are designed to preclude the entrainment of air and/or steam into the sump
suction lines.

The Refueling Water Tank (RWT) provides the initial supply of borated water for
the CS system. Following a RAS, the RWT is manually isolated by the Control
Room operator following verification of adequate flow from the sump. Isolation is
provided by MOV CH-HV530/531, which also isolates LPSI and HPSI pumps
from thc RWT.

Instrumentation for the CS system includes Control Room indication of pump and
major valve status. System pressure, header level, and flow indications are
available in the Control Room. Indication is also provided in the Control Room for

the containment sump temperature as well as the SDC heat exchanger inlet and

outlet temperatures,

Testing and Maintenance

Each of the CS MOV:s are stroke tested at least once every 3 months per ASME
Standards, Scction XI. The SDC heat exchanger isolation valves arc not tested to

the ASME Standards. The CS pump, flowrate through the SDC heat cxchangcr ‘

isolation valves, and CS pump discharge check valves are verified at least once
cvery 3 months, The CS injection MOV, UV-671/672, are tested at least once every
2 months per the ESFAS Subgroup Relay monthly functional tests.

Unscheduled maintenance is modeled for the CS pumps, pump breakers, minimum
flow recirculation valves, and the CS injection isolation valves, UV-671/672.
Equipment unavailability due to unscheduled maintenance is included for the
containment sump recirculation MOVs, UV-674/676, which are located outside
containment.

System Dependencies and Interfaces

Actuation Signals
The pumps are automatically started on either a SIAS or CSAS, but the injection
valves only open on a CSAS. Since the pumps start on a-SIAS and run on mini-
flow recirculation until a CSAS occurs, the CS pumps will deadhead and can fail if
the CS pump mini-flow is not open and CSAS does not occur until Jater in the
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- §5.2.1.5.7

sequence. The containment sump valves also require a RAS to automatically open
on low RWT level.

Elcctric Power .

The CS pumps require 125V DC Class 1E (brcaker control power) to start and
4,16kV AC Class 1E power to continuc running. The injcction valves and the sump
isolation valves all require 480V AC Class 1E power to open. Train A CS requires
Train A Class 1E AC/DC while Train B requires Train B Class 1E AC/DC,

HVAC

The Auxiliary Building HVAC system cools the CS pump room during normal
plant operation. If a SIAS should occur, normal HVAC to these rooms is tripped
and a dedicated ecmergency room cooler in each pump room is actuated. The
essential room coolers consist of an air cooling coil and fan. The coil carrics chilled
water from the appropriate essential chilled water train while the fan is powered by
Class 1E 480V AC clectrical power. SIAS also actuates the essential chilled water,
cooling water, and spray pond systems.

Loss of CS pump room HVAC will result in actuation of an alarm in Control Room
when room temperature reaches 105° F.

Operator Action

Operator failure to shut off the CS pumps following a SIAS (no CSAS signal) is
included in the model. If the minimum recirculation is unavailable, the operator
has 20 mins. to secure the pump before pump damage occurs. If the minimum
recirculation line is available, then the time available to the operator is 1 hr.

Operator failure to sccure the CS pump, given failure or success of the CS pump
mini-flow linc to remain open and a SIAS event with no CSAS, is described in
Scction 7.4,

Operator action is required to provxdc backup cooling to the CS pump room in the

event of d 105§ of Toom cooling. Opcrator failure to provide’ backup cooling to the....- ;

CS pump room given a failure of room coolmg is described in Section 7.4. |

Operator Technical Specifications

The following PVNGS Technical Specifications are applicable to the CS system
operation:

a) Specification 3/4.6.2 requires both CS trains to be operable. If one train is
inoperable, the inoperable spray system'should be restored within 72 hrs.
or be in hot standby in 6 hrs. If also requires that valve verification and
system fill procedures be performed every 31 days and RAS and CSAS

. valves be tested for operability every 18 months. CS pump auto start on
SIAS and CSAS is required to be performed every 18 months. A smoke
flow test through cach spray hcadcr is required every S years.

b) Specifications 3/4.1.2.6 and 3/4.5.4 require that the RWT be opcrable with
the proper volume; temperature, and boron concentration. The boron
concentration and volume is required to be verified every 7 days and the
temperature is required to be checked every 24 hrs.
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5.2.1.5.8 Syslcm Operation . ‘

During normal opcration at reactor power, the CS system docs not operate, During
this mode, the CS systcm is in the standby condition and aligned for possible
emergency operation.

‘ The containment spray is automatically initiated by the high-high containment
- pressure signal (8.5 psig), which starts the CS pumps (if not alrcady started by
i SIAS) and opens the spray isolation valves. CS can also be manually initiated. The
pumps initially take suction from the RWT in the CVCS, and when a low level is
reached in the RWT, a RAS automatically transfers the pump suctions to the
containment sumps. Operator action closes the valves at the outlet of the RWT.
During the recirculation mode, the spray water is cooled by the SDC heat
exchangers prior to discharge into the containment.

During plant shutdown, the CS pumps can be aligned to discharge through the
shutdown cooling lines in placc of or in parallel’ with the LPSI pumps. In this
mode, the pump is aligned so that the spray injection lines are isolated and the CS
pumps can provide SDC pumping requircments.

5.2.1.5.9 Major Modecling-‘Assumptions

a) No credit is given in the fault trees for the backup of the CS pumps with
LPSI or the backup of LPSI pumps with CS pumps.

b) Emergency procedures require that the RWT isolation valves be closed .
following a switchover to the containment sump as a suction source. This
procedure prevents the backflow of radioactive sump water to the RWT,
which is vented to the Fuel Building. Early isolation of the RWT duc to an
inadvertent RAS, which fails the CS pumps, is not modeled. This is based
upon the low probability of rcccwmg an inadvertent RAS during a LOCA

" event when insufficient level exists in the contammcnt sump,

c) A CS train is assumed to be unavaxlablc whcn in 1he test mode. sinceno ‘-
automatic rcalignment of the RWT recirculation flow path occurs.

d) The CS pumps are assumed to fail on continued opecration under the
following conditions: more than 1 hr. of operation on mini-flow and more
than 20 mins, deadhead with failed mini-flow.

¢) Common-cause failures are.modeled for the CS pumps, CS mjccnon
valves, and the containment.sump isolation valvess*+ - <

f) Failure of the CS pumps due to extreme cnvironment (resulting from loss
of pump room cooling) is included in the CS fault trees. The maximum CS
pump room temperature that can be reached in 24 hrs, with no HVAC is
189° F. If the door is propped open, the maximum temperature that can be
rcached is 168° F (see Scction 6.2.5). If no backup cooling is established to-
the CS pump room, the CS pump will'fail*within 24 hrs: If the CS pump
room door is opened within 2 hrs. following a loss of room cooling, pump -
reliability is significantly degraded and pump failure probability is .
increased above what it is when room cooling is available.
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‘ g) Backup HVAC cooling for the CS pump room consists of an operator
blocking open the pump room door thereby providing natural convection
cooling to the room.

5.2.1.5.10 System Analysis Results

The major system malfunctions of both trains of CS comprise of common-cause
and indcpendent failures of the containment sump isolation valves and
containment spray hcader MOV, Common-cause failures include failures of the
RAS/RWT level transmitters, containment spray pumps, CS injection valves, and
the containment sump isolation valves. Major failures of the sump valves include
the opening of the valves in both control circuits as well as mechanical problems in
the opening operation. Major failures of the containment spray header MOV
consist of maintenance, control circuit, and mechanical failures. Independent
pump failures, including maintenance unavailability, mechanical, or electrical
malfunctions, are not as important as those noted above.

‘ "
\

. T
I -

aom ¥ L,

4.,

™~

el At WL € NREL e Wl s L Wk F P M e e s 1 Uy Bt [
§ u J ! ¥ '

LI I * : ! o Y x f .
"y L ML ' ' 3 k!
Y v, o LY A '

LN TR

X
>
PR

A

e M Y Sk
SRR

.y f
B - .
»
. % a® N
«

‘Rev. 0 4/7/92 - 5.2.1 Front-Line Systems 5.27




v

’

Aty



. Shutdewn Cooling System

‘ 52.1.6
52.1.6.1
52.1.6.2
52.1.6.3

b
52.1.6.4

Shutdown Cooling System

System Function

The Shutdown Cooling System (SDC) reduces the temperature of the RCS in post
shutdown periods from approximately 350° F to the refueling temperature, 125°F,

-and maintains heat removal for extended periods of time. The SDC system can

operate during post accident conditions to remove core heat through the SDC heat
exchanger. The LPSI pumps are normally used during shutdown cooling. The CS
pumps may be used instead of or in conjunction with the LPSI pumps.

System Success Criteria

The success criteria for the SDC system for an associatcd SGTR event, is given
below:

One SDC train provides cooling to the RCS for 16 hrs, Either the LPSI or CS
pumps can be used for SDC; however, only the LPSI pump is credited in the
analysis. .

System Description

During SDC operation, a portion of the reactor coolant flows out of the SDC
nozzles, located on each RCS hot-leg, and is circulated by the LPSI or CS pumps
(used when RCS temperature is below 200° F). The pumps circulate the coolant
through the SDC heat exchanger and return it to the RCS through the four LPSI
injection lines. The SDC line suction is initially isolated from the RCS hot-leg by
three (per train) normally closed MOVs, two of which are in containment.

Either SDC train is sufficicnt to provide decay heat removal from the RCS. Duce to
pressure interlocks for cach train, the alignment of the SDC cannot be performed
until the RCS pressure has been reduced to approximately 370 psia. A simplified
diagram of the SDC system is shown in Figure 5.2-7. SDC is initiated and
controlled-from the Control' Room by operator action. Th¢ ratc*of ¢ooling ¢an be ™
varicd by adjusting the SDC heat exchanger bypass and 'discharge valves
accordingly.

Major Components

The pumps and discharge valves used by SDC are described in the LPSI and CS
Sections 5.2.1.3.4 and 5.2.1.5.4, respectively. The SDC suction valves are the
major components which are not covered in the above discussions. Two of the
suction valves, one per SDC train, are Class 1E 125V DC powered MOV, while
the other four are Class 1E 480V AC powered MOVs. Each loop has a LTOP (low
temperature over pressurization) relief valve to provide RCS LTOP protection and
to ensure that the LPSI or CS lines are not overpressurized by RCS pressure
fluctuations. The LTOP relief valves are located in containment, They have a
setpoint of 467 psig and relieve to the containment recirculation sump.

Each loop is interlocked to remain closed until the RCS pressure is below 410 psia.
Train A is interlocked through PT-103 (PT-105 for SIA-UV653) and Train B is
interlocked through PT-104 (PT-106 for SIB-UV654). If these interlocks do not
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5.2.1.6.5

5.2.1.6.6

5.2.1.6.7

clear once the RCS pressure is below 410 psia, the operator may override the train
B interlock by local action at the valve breakers. Train A SDC has no manual
override.,

Testing and Maintenance

Valves used in SDC are tested per ASME Standards, Section X1, every quarter or
18 momhs The SDC suction MOVs are tested every 18 months.

System Dependencices and Interfaces

Electric Power

The CS and LPSI pumps require 125V DC Class 1E (breaker control power) to
start and 4.16kV AC Class 1E power to continue running. The SDC suction MOVs
arc powered from 480V AC Class 1E power (PHA-M35 or PHB-M36) or through
a 480V AC inverter from 125V DC Class 1E power (PKC-M43 or PKD-M44).
Additionally, each RCS pressure transmitter requires Class 1E 120V AC
instrument power. Malfunction of the instrument power fails the interlock so that
the MOV may not be opened. Operator action is réquired to override the failed
interlock signal to align Train B SDC.

HVAC

The Auxiliary Building HVAC system cools the CS and LPSI pump rooms during
normal plant shutdown operation. If a pump is in operation, a dedicated esscntial
room cooler in each pump room is actuated. The essential room coolers consist of
an air cooling coil and fan. The coil carries chilled water from the appropriate
essential chilled water train while the fan is powered by Class 1E 480V ACelectric
power.

Loss of LPSI or CS pump room HVAC will result in actuation of alarm in Control
Room when room temperature reaches 105° F,

S .y - e 1 " - -

, Operator Acpgn P )

Operator action is required to align the LPSI system for SDC once the entry
conditions are met. Operator failure to align SDC is described in Section 7.4.
Operator failure to close the breakers for SDC suction valves UV-653/654 is
described in Section 7.4. Operator action to override the failed pressure interlock
signal and align Train B SDC is not credited.

Technical Specifications -« Ce Ll

The following PYNGS Technical Specxﬁcauons are apphcab]c to the shutdown
cooling system (see LPSI, Section 5.2.1.3, and CS, Section 5.2.1.5 for additional

Technical Specification references):

a) Specifications 3/4.4.1.4.1 and 3/4.4.1.4.2 require at least onc SDC loop to
be operable during cold shutdown, another SDC loop to be operable if the
RCS loops are not filled, and two SGs to be available with water levels
greater than 25% of the indicated wide range.

b) Specification 3/4.4.1.3 requires that the SDC Iodp°shall be in operation

during hot shutdown if the applicable RCS loop and SG are not operating,
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¢) Specification 3/4.4.8.3 requircs that both SDC LTOP relicf valves with lift
sctpoints less than or cqual to 467 psig shall be aligned to provide
overpressure protection of the RCS when the reactor vesscl head is on and
when the RCS temperature is less than or cqual to: 214° F during
cooldown or 291° F during hecatup.

d) Specification 3/4.7.11 requires that two independent SDC systems shall be
opcrable, cach system consisting of onc opcrable LPSI pump and an
independent operable flow path capable of taking suction from the RCS
hot-leg and discharging coolant through the SDC heat exchanger and back
through the cold-leg injection lincs.

¢) Specification 3/4.9.8.1 requires that at lcast one SDC loop shall be
operable and in operation when in Mode 6 and when the water Ievel above
the top of the reactor pressure vessel flange is greater than or equal to 23 ft.

f) Specification 3/4.9.8.2 requires that two independent SDC loops shall be
operable and one SDC loop in operation when in Mode 6 and when the
water level above the top of the reactor pressure vessel flange is less than
23 ft.

5.2.1.6.8 System Operation

5.2.1.6.9

Shutdown cooling is normally in the standby mode during operation. Once
cooldown has commenced, and the RCS is below:350° F and 410 psia, SDC
operation can be commenced per Proccdure 410P-1S101, “Shutdown Cooling
Initiation”. While the RCS temperature is between 200 and 350° F, a CS train valve
alignment is modificd to allow a SDC loop to be used for removing core decay
heat. When the RCS temperature falls below 200° F, the CS system is realigned
such that CS pump flow can be utilized to augment the heat removal capability of
the SDC system. Either onc or two loops of SDC cooling can be initiated wnth
cither the LPSI or CS pumps, although LPSI is normally used.

During an SGTR cvent, SDC operation is required to reduce the RCS pressure
sufficicntly to. minimize.the.RCS.to sccondary.side.leak.. Upon detection of a

SGTR, the operators would cooldown and dcprcssunzc to RCS entry conditions, '

SDC would then be established, and the RCS cooled down to refucling
temperature and pressure.

Major Modeling Assumptions

a) The mission time used in SDC is 16 hrs. since a minimum cooldown time
of 8 hrs. priorto SDC operauon 1s expectcd

b) Where LPSI or CS components are uscd a mission time of 24 hrs. is used
since these systems have 24 hr. mission time requirements.

¢) Suction during initial warm-up of the SI pump piping for SDC is from the
RWT. Therefore, RWT failures are conscrvatively included in the SDC
model. ‘

S <
d) LPSI pump fail to run malfunctions are modeled for inadvertent RAS

actuations which result from: (1) DC Equipment switchgear room HVAC
failure, (2) Spurious RAS relay actuation and (3) Common-cause failure
of RWT level instruments.
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: . c) Loss of cither LPSI or CS pump‘room HVAC and associated cflects on .
‘ pump operation are described in Sections 5.2.1.3.9 and 5.2.1.5.9. '

f) Common-causc failure is considered for any combination of two MOVs
that would fail both trains of SDC. Even though two of the MOVs arc DC
powered valves, common-cause failure between either of these valves and
the AC powered valves is conservatively considered. -+ * .

5.2.1.6.10 System Analysis Results |

The SDC failures are dominated by three sets of failures including pressure
interlock failures, common-cause failure of the suction MOVs, and mechanical
MOV failures.
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.
‘ 5.2.1.7 Safety Injection Tanks

5.2.1.7.1 System Function

The Safety Injection Tanks (SITs) flood and cool the core with borated water
following a Large, Medium or Small LOCA if rapid depressurization due to failure
of HPSI is used. This function prevents a significant amount of cladding failure
along with subsequent release of fission products into containment. The SITs are
designed to function as a passive injection device without requiring support
systems,

v
.

5.2.1.7.2 System Success Criteria
The success criteria for the SIT system for associated events is given below:

+ LargeLOCA Two out of three SITs are required to inject borated

1 water into the RCS.
+ MediumLOCA  Two out of three SITs are required to inject borated

water into the RCS.

+  SmallLOCA The SITs are required only during a failure of both
HPSI trains and after the Control Room operators

have depressurized the RCS to less than 610 psig.

| _ Two out of three, SITs are required to inject borated
i water into the RCS.
|

« SGTR The SITs are required only during a failure of both
. HPSI trains and after the Control Room operators
have depressurized the RCS to less than 610 psig.
Two out of four SITs are required to inject borated
water into the RCS,

5.2.1.7.3 System Description

There are a total of four SITs, each connected to a RCS cold-leg. The SITS are
initially pressurized to° 610 psigand do not hormally function durmg operation,
“heatup, or cooldown. Ifa transient occurs in the RCS such that pressure goes below
610 psig, each SIT injects borated water through its injection linc which is initially
isolated from the RCS by two isolation check valves. The SITs are a passive
system which includes two normally closed check valves, the only equipment
required to change position. A drawing of the SITs showing their relationship to
other parts of the SI system is shown in Figure 5.2-8. .

-~

W , )
- [ WY

52.1.7.4 Major Components ~
The major components of cach SIT include the tank, two isolation check valves,
and a normally opened isolation MOV. Each SIT contains a minimum of 1802
cubic feet of water, borated to a concentration between 2300 and 4400 ppm. The
isolation MOV are “fail as is” units that are powered by 480V AC. The valves are
normally key-locked in the open posmon with powcr rcmovcd (circuit breaker
open).

, ‘ S Instrumentation for the SITs include Control Room indication for SIT level,
pressure, and isolation valve position.
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5.2.1.7.5 Testing and Maintenance .
The SIT isolation MOV and check valves are tested per ASME Standards, Section
X1, every 18 months.

5.2.1.7.6 System Dependencies and Interfaces

Actuation

The SITs are a passive system during normal operation without an actuation signal
for SIT injection, The SIT injection MOVs receive an open signal (the valve is
already key-locked open) during a SIAS. The injection MOVs have an interlock to
prevent them from closing if the RCS pressure is greater than 415 psig.

Electric Power

The SIT isolation MOVs receive motive and control power from the Class 1E
480V AC MCC:s associated with their respective power divisions.

Nitrogen

The SIT tanks are pressurized to 610 psig by nitrogen. The nitrogen system is not
required for operation of the SIT but may be required if the SIT pressure decreases
during normal operation due to a small leak or temperature changes in
containment,

Operator Action

Opcrator action is required to depressurize the RCS to <610 psig to allow for SIT
injection during Small LOCA and SGTR events in which both trains of HPSI have
failed. Operator failure to depressurize the RCS is described in Section 7.4.

5.2.1.7.7 Technical Spccifications
PVNGS Technical Specification (T/S) 3/4.5.1 is applicable to the operation of the
SITs. When the plant is in Modes 1 to 4, the SITs shall be opcrable with:
+ a)’ Isolation"ValVe key-lockcd open and ; powcr removcd 0T |
b) Water level between 1802 and 1914 cubic ft. |
¢) Boron concentration between 2300 and 4400 ppm
d) Nitrogen cover pressure between 600 and 625 psig
¢) Nitrogen vent valves closed with power removed
1)) Nxtrogen vent valvcs capablc of bcmg opcratcd upon rcstorauon of power.

With one SIT mopcrablc, thc SIT must bc restorcd to operability within 1 hr. or the
plant placed in hot standby within the next 6 hrs. and hot shutdown within the
following 6 hrs, If the SIT is inoperable due to the isolation valve being closed, the
valve must be reopened immediately or the plant must be in hot standby within 1
hr, and in hot shutdown within the next 12 hrs.

5.2.1.7.8 System Operation :
During RCS heatup, when RCS pressure is greater than 500 psig, the isolation
MOV in each discharge line is key-locked open and the power is removed from the
valve to prevent spurious movement. The isolation MOV is equipped with
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5.2.1.7.9

5.2.1.7.10

redundant and diverse position indicators and an alarm which alerts the operator
when the valve is closed and RCS pressure is above 700 psig. During normal plant
operation the SITs are in a passive lineup and SIT operation is automatic.

SIT operation is expected to occur only in Jarger LOCAs where the RCS pressure
decreases below 610 psig or when rapid depressurization, as in the case of Small
LOCA or SGTR cvents, is performed by the Control Room operators. During
Large LOCAs, the function of SITS is to keep the core covered until LPSI can
begin injection. '

Major Modeling Assumptions

a) Failure of two of the four SITs is assumed to fail the system. It is
conservatively assumed that one of the remaining SITs will feed the
primary break (during a LOCA).

b) No unscheduled maintenance is included in the system fault tree for the
SITs.

¢) Common-cause failures are included in the SITS fault tree for failure of 2
of 4 SIT discharge check valves to open. .

System Analysis Results

The common causc failure of two of the four check valves is the dominant failure
of the SITs with indcpendent mechanical failures of the MOVs approximately one
order of magnitude lower.

For Small LOCAs and SGTR cvents, the predominate failure mode involving SITs
which lcads to core damage is Control Room operator failure to depressurize the
RCS to allow SIT flow.

wt,
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Auxiliary Feedwater System

‘ 5.2.1.8 Auxiliary Feedwater System

5.2.1.8.1 System Function “
The Auxiliary Feedwater (AF) system provides water to the Steam Generators
(SGs) during normal opcrations (Hot Standby, plant heatup/cooldown, reactor
startup/shutdown) and, under abnormal or ecmergency conditions, for Decay Heat
Removal (DHR).
|
|
|
|
|

5.2.1.8.2 System Success Critcria
The success criteria for the AF system for specific Initiating Events (IEs) is given
below:

+ Small LOCA For secondary-side heat removal, AF must be delivered
to one SG from onc of three AF pumps. For RCS
depressurization, in the event of HPSI failure, AF flow
must be delivered to two SGs from onc of three AF

‘ . pumps. ‘

; + SGTR On the SGTR cvent tree, the success/failure paths for
cstablishing AF flow to cach SG were scparated into:
AF to the'intact SG and AF to the ruptured SG. The AF
success/failure path followed on the event tree affects
operator/system responses required later in the event as
discussed in Section 4.3.4.

. - SLB AF flow must be dclivered from at least onc AF pump
. to the unaffected SG (Note: For many SLB.events, the
affected SG may be used for DHR, in the event that

feedwater to the unaffected SG fails).

e FLB One AF pump must deliver flow to the intact SG.
- ESFAS will prevent automatic feeding of the ruptured
SG once a differential pressure develops between the

two SGs. .
e © o ‘Gioup Traisiént™ AF low nitst be supplicd from at 1east onc of three AF  ».-
pumps to one SG. '
e LOOP AF flow must be supplicd from at least one of three AF
pumps to one SG.
o Lossof MFW  AF flow must be supplied from at least onc of three AF
pumps to one SG.

« SBO ', AF flow'must be supplied from the turbine-driven AF
. " 77™  pump to at lcast one SG for a period of no less than 2
hrs. In the later phase of this event, AF flow must be
supplicd from one of three AF pumps for a period of up
1o 24 hrs, after off-site power rccovery.

| +  ATWS . AF flow must be delivered from one of two Seismic
Category I, Class 1E AF pumps to onc SG. Although
AF is only required for short-term under ATWS,
X » conditions, the PRA Model conservatively used a24 hr.
' mission time for AF events. Further discussion is
k included in Scction 4.3.
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5.2.1.8.3 System Description

The AF system consists of three AF pumps (two safety and onc non-safety),
associated piping, valves, and instrumentation nccessary to deliver feedwater to )
the SGs as shown in Figurc 5.2-9. Each AF pump takes independent suction from
the Condensate Storage Tank (CST) and discharges to one or both SGs through the
downcomer fcedwater lincs. A backup water.source, requiring local-manual

" operation, is provided to cach of the essential AF pumps. vxa connections to the

Recactor Makeup Water Tank (RMWT).

»

Two completely redundant trains make up the safety related portion of the AF
system. The Train A AF pump (AFA-PO1) is a Class 1E, turbine-driven pump with
turbine stcam supply available from cach SG, upstrecam of the Main Stcam
Isolation Valves (MSIVs). The Train B AF pump (AFB-PO01) is a class-powered,
motor-driven pump. The essential AF pumps are housed in separatc compartments
at the 80-ft. elevation of the Main Stcam Support Structurc (MSSS)..

Discharge flow from the two safety related AF pumps is mixed downstream of the

pump discharge isolation valves. From this point, two scparate feedwater lines are

routed into containment where they join the-SG downcomer feedwater lines,
_ downstream of the Containment Isolation Valves.

- , The AF system is in standby mode during plant power operations, but the two
safety related AF trains are automatically actuated upon receipt of an Auxiliary
Feedwater Actuation Signal (AFAS). AFAS occurs when two out of four low SG
Ievel signals are received (at 25.8% by wide range). ‘

The non-essential portion of the AF system consists of a class-powered, non-
scismically-qualificd, motor-driven pump (AFN-P0O1) located at the 100-ft.
clevation of the Turbine Building. The non-essential AF pump is used during
dedicated plant startup as well as during cmergency conditions.

5.2.1.8.4 Major Components
P ‘ The safety.related-portion of: thc-AF-systcm -consists of two’ comp]ctelymdundant,”’
100%-capacity, automatically-actuated pumps with independent minimum flow
recirculation lines to prevent pump overheating. These pumps are Class 1E
powered and are designed to Seismic Category I Standards.

" The Train A essential AF pump is an cight-stage, centrifugal, self-cooled ’
(including turbinc bearings), turbine-driven pump rated for 1010 gpm discharge
flow at 1420 psig. This pressure is above the point at which the first Main Steam

" Safety Valves (MSSVs) lift. Typically, 750.gpm discharge flow is provxdcd to the
SGs with the remainder discharged to the CST via the pump mini-flow

* recirculation line. The pump turbine (AFA-KOT1) is a single-stage, non-condensing
turbine rated for 3590 rpm at 1250 hp. The turbine is capable of fast starts from a
cold condition using stcam supplied by either SG. During operation of the Train A
pump, stcam cnters the turbine through cither of two automatically-actuated,
motor-operated stecam admission valves (SGA-UV134 and SGA-UV138). These
valves arc provided with™1-in., solenoid-operated bypass valves (SGA-UV134A
and SGA-UV138A) which are used during turbine startup.’ Steam continues Y
through the turbine trip/throttle valve (AFA-HV54) before entering the turbine.
Steam exiting the turbine exhausts to atmosphere. The AF pump turbine is capable
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of supplying discharge flow over the range of 1010 gpm at 1420 psig with stcam
pressure at 1170 psig, to 550 gpm at 140 psig with stcam pressure at 135 psig. The
latter stcam pressure corresponds o a primary temperature of 350° F; shutdown
cooling entry condition. The turbine is equipped with a sclf-contained Jube oil
system which uses cooling water fmm the first stage of the AF pump. The Train A
Class 1E DC system supplics powcr to the valves/instrumentation associated with
turbine/pump operation. The Train A AF pump is credited with supplying
fecdwater to the SGs during Station Blackout (SBO) conditions. :

The Train B essential AF pump is an eight-stage, centrifugal, self-cooled, motor-
driven pump powered from the Division 2 Engincered Safety Features (ESF)
switchgear (PBB-S04). This pump is rated for 1010 gpm at 1420 psig.

Each essential AF pump discharges to one or both SGs through a motor-operated
throttle valve and a motor-operated isolation valve.

The Train N (non-essential or startup) AF pump reccives Class 1E power from the
Division 1 ESF switchgecar (PBA-S03). The non-essential AF pump is an cight-
stage, centrifugal pump rated for 1010 gpm discharge flow at 1280 psig. This pump
delivers water from the CST to the downcomer feedwater lines. Flow control is

accomplished using cither the pncumatically-operated downcomer feecdwater-

regulating valves (SGN-FV1113 and SGN-FV1123) or the motor-opcrated
feedwater regulating bypass valves (SGN-HV 1143 and SGN-HV1145). Pump
discharge flow cnters the downcomer feedwater lines in the Turbine Building,
upstrcam of the containment isolation valves (SGA-UV172/-UV175 and SGB-
UV130/-UV135); therefore, Train N pump flow is terminated by a Main Steam
Isolation Signal (MSIS). Duc to the non-scismic qualification of the Train N AF
pump, its suction is normally isolated from the CST by two Train A-powered,
motor-operated valves (CTA-HV001 and CTA-HV004).

The CST (CTE-TO1) provides water to the AF system for SG makeup. Of the CST
550,000 gallon capacity, 300,000 gallons is specifically designated for AF system

supply..The.three. AF. system-pump-suction-lines-penetrate the tank-at the lowest:
clevation while all other water-outlets, such as the condenser-hotwell makeup,

penetrate the tank above the level required to maintain 300,000 gallons available
for long-term emergency operation of the AF system.

Control Room controls/instrumentation for the AF system include control switches
and operating status indication for all threc AF pumps. Essential AF pump status
and discharge regulating valve status are also.indicated on the Safety Equipment
Actuation System (SEAS) pancl on the Main Control Board.-Indication is also
provided for presence/absence of AFAS signal to cach essential pump. Indications
of Train B and Train N AF pump trip, i.c., clectrical fault, loss-of-power, are
provided in the Control Room on.the Safety Equipment Inoperable Status (SEIS)
panel, Control Room annunciator; and plant computer.

Potentiometer control for the Train A turbine-driven AF pump is provided in the
Control Room, at the Remote Shutdown Panel (RSP), and at the pump local
control panel. In addition, control switches for the Train A pump trip/throttle valve
(AFA-HV54) arc provided at all three locations. Trip/throttle valve status is also
annunciated on the SEIS pancl.
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Control and position indication for the Train A AF pump turbine Main Stcam (SG)
system supply valves is provided in the Control Room and at the RSP. These
valves are provided with SEIS alarms from the clectrical/torque protection logic.
Override capability for these valves is provided at both locations.

The cssential.AF pump discharge throttle/isolation valve controls. and position
indication arc provided in the Control Room and at the RSP. Override capability
for these valves as well as Train A pump turbine stcam*admission valve controls
and position indication are provided at both locations.

Control switches and indication for the non-cssential AF pump normal suction
valves are provided in the Control Room. In addition, a control switch and
indication for the non-cessential AF pump minimum-flow recirculation isolation
valve are provided in the Control Room.

Control Room annunciation of AF system-faults includes Train B AF pump
overload/trip and low discharge pressure alarms, In addition; a low discharge
pressure alarm is provided for the non-cssential AF pump.

Control and position indication for the Train N AF pump CST isolation valves is
provided in the Control Room. These valves are provided with SEIS alarms from
the electrical protection logic.

" Position indication for the SG downcomer flow control valves is provided in the

5.2.1.8.5

5.2.1.8.6

Control Room while valve control and position indication for the downcomer flow
control bypass valves are provided in the Control Room. Downcomer fecdwater
flow indication is also provided in the Control Room. In addition, SG downcomer
isolation valve control switches and position indication are provided in the Control
Room.

Testing and Maintenance )
Testing is required for each pump on a monthly basis per ASME Standards,

Scction XI, guidelines., Valve alignment is also. .,venl‘ cd.monthly.:Full-flow. . -

capacity tcsung is performed at least once every 18 months orithé two Class 1E AF .‘

pumps. No full-flow specification exists for the Train N AF pump.

System Dependencies and Interfaces

Actuation

" Normally, each of.th¢ essential AF pump discharge lines is isolated from the SGs

by normally- closed, motor-operated throttle and-isolation valves connected in
scrics. In response to low water inventory in a SG (25.8% by wide range; see

" Technical Specification, Table 3-4), an Auxiliary Fecdwater Actuation Signal

(AFAS) automatically starts and allgns the essential AF pumps to the appropriate
SG.

The Train B AF pump receives a start signal on AFAS and following a Train B
Loss Of Power (LOP), Safety Injection’Actuation Signal (SIAS), or Containment
Spray ‘Actuation Signal'(CSAS) via the ESF load sequencer (see Section 5.2.2.21).
In addition, the Train A AF pump starts onAFAS via automatic positioning of the
turbine stcam admission valves. The essential pump discharge valves open only
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’

upon receipt of the appropriate AFAS signal. A start signal to cither of the essential
AF pumps will also start the respective room essential Air Conditioning Unit
(ACU). The Train N AF pump has no automatic-start fcatures and is automatically
load shed on SIAS or Train A LOP.

The Train N AF pump is typically available during abnormal and emergency
conditions; however, as the pump and its associated valves receive no automatic
start signal, operator action is required to place it in service, Operator actions
include opening the two CST isolation valves and manually starting the pump.
After the pump has started, the operator must verify proper operation of the
downcomer fecdwater regulating valves. If the downcomer fecdwater regulating
valves arc not operating properly, the operator may cither take manual control of
the valves or usc the downcomer feedwater regulating bypass valves to maintain
feedwater flow control. .o

Water Sources

All three AF pumps receive water through independent supply lines from the CST.
The CST has a capacity of 550,000 gallons. Part of this capacity, 300,000 gallons,
is specifically designated for AF system supply. Of this volume, 195,000 gallons
provide sufficient emergency fecdwater reserve to allow orderly plant cooldown to
shutdown cooling entry conditions. The remaining CST volume furnishes
sufficient reserve to maintain Hot Standby (Mode 3) conditions for 8 hrs.

The flowpaths to the two Class 1E AF pumps are provided with normally-open,
manual isolation valves. The Train N pump is normally isolated from the CST by
two remotely-operated, class-powered, motor-operated isolation valves (CTA-
HV001/-HV004). If the CST is unavailable, a backup water supply is available to
the two essential AF pumps via separate, manually-isolated, normally-closed
connections to the Reactor Makeup Water Tank (RMWT) ‘The PRA takes no
credit for the RMWT backup supply.

******

'HVA o,

Nommal cooling to the essential AF pump rooms is provided by the Auxiliary
Building Normal Air Handling. Units'(AHUs) (HAN-AO1A/B). Cooling water to
the normal AHU:  is provided by the Normal Chilled Water (WC) system. Normal
HVAC to the AF pump rooms is tripped upon receipt of a SIAS or CSAS. For the
PRA, normal HVAC is credited for rcducmg the llkcllhood of AF pump fmlum

For abnormal operation, Train A and B AF pump room essential cooling is
provided by their respective room essential ACUs (HAA-Z04 and HAB-Z04). The
Essential Chilled Water (EC) systcm supplics cooling water to the AF pump room
essential ACUs. Each ACU includes a fan, which circulates room air across the

. cooling coils.

An analysis was performed to determine the degree to which the essential AF
pumps are dependent upon room cooling..The results of this analysis as
summarized in Scction 6.2.5 indicateshigh probability of AF pump continued
operation with limited HVAC supply (Sce Section 5.2.1.8.9).
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The essential AF pump rooms are provided with high temperature alarms which
annunciate in the Control Room. The PRA Model credits these alarms in the
analysis of AF system human crror (See Scction 7.4). When an essential AF pump
is manually started, i.c., in anticipation of an AFAS initiation, the operator must
manually start the appropriate EC system chiller to provide chilled water to the AF
pump room cssential ACU. The aforementioned AF pump room high temperature
alarm provides indication to the operator that the rcqulrcd csscnual chiller has not
been started as required.

The Train N AF pump requires no room cooling as it is located in an open arca
within the Turbine Building.

Instrument Air

The Train N AF pump discharge joins each of the two downcomer feedwater lines
in the Turbine Building, upstream of the pneumatically-opcrated, spring-closed
downcomer flow control valves (SGN-FV1113 and SGN-FV1123). These valves
arc controlled by the Feedwater Control System (FWCS) during normal plant
opcration and may also be used to control Train N pump discharge flow.
Instrument Air (JA) at 110 psig is used for operation of the downcomer flow
control valves. These valves fail “locked” (as-is) on loss of pneumatic supply.

The downcomer Feedwater Isolation Valves (FWIVs) (SGA-UV172 and SGB-

UV130 to SG1; SGA-UV17S and SGB-UV135 to SG2) are held open by high-
pressure nitrogen at 240 psig, (via SGN-PCV1147) from the Service Gas (GA)
system. These valves fail-closed on loss of pneumatic supply and are also closed
on MSIS. The IA system provides pncumatic supply at 110 psig to operate pilot
valves which port nitrogen for FWIV position control.

High-pressure nitrogen backup is provided to IA for the above functions. Nitrogen
is provided through a pressure rcgulator (SGN-PCV1130), which is normally-
closed (on-line); but'6pens’at'a préssure lower tharn the normal 1A' header.pressure
(85 psig per Procedure 410P-11A01); thus, if IA pressure drops, hxgh-prcssure
nitrogen provides immediate backup. ,

IA also supplies the air-operated isolation dampers (HAA-M04/-M05 and HAB-
M04/-M05) in the Auxiliary Building Normal HVAC supply ducts; therefore, loss
of IA or IA compressor support systems: Turbine Cooling - -Water (TC) or Plant

Cooling Water (PW), will result in loss of normal:HVAC to the cssential AF pump .

rooms.

A dcdicated nitrogen accumulator (SGN-X02) provides pneumatic supply in the
cvent of simultancous failure of IA and high-pressure nitrogen systems. This

accumulator is rated for approximately 10.5 hrs, of nitrogen demand by the

downcomer flow control and containment isolation valves. The accumulator is
normally isolated, but is automatically aligned when solenoid valve SGN-PV1128
opens in‘response to low nitrogen supply pressure.; The downcomer FWIVs fail
closed on cither loss of high-pressure nitrogen or on concurrent loss of 1A and
failure of the high-pressure nitrogen backup supply.
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Ba-

Motive Power

Operation of the turbine-driven AF pump requires steam supply from one of the
Main Steam (SG) headers. A Secondary Line Break (SLB) cvent eliminates AF
pump turbine stcam supply from the associated SG.

Electric Power )

Power to the Train A AF pump valves and instrumentation is provided by Class 1E
power systems. The Train A AF pump turbine-governor valve receives control
power from Channel A 125V DC distribution panel, PKA-D21. Turbine steam
supply valves (SGA-UV134 and SGN-UV138) are powcered from Channel A
125V DC control center, PKA-M41, which also supplies power to PKA-D21. Two
of the pump discharge valves (AFA-HV032 to SG1 and AFA-UV037 to SG2) are
also powered from PKA-M41. The two remaining discharge valves (AFC-HV033
to SG2 and AFC-UV036 to SG1) arc powered from Channel C 125V DC control
center, PKC-M43.

The Train B AF pump motor receives power from the Division 2 ESF switchgear
(PBB-S04). Channcl B 125V DC distribution panel, PKB-D22, provides control
power for breaker opcrauon The two pump discharge throttle valves (AFB-
HV030 to SG1 and AFB-HVO031 to SG2) are powered from Division 2 480V AC
MCC, PHB-M34, The two pump discharge isolation valves (AFB-UV034 to SG1
and AFB-UVO035 to SG2) are powered from Division 2 480V AC MCC, PHB-
M38.

Train N AF pump power is supplied from the Division 1 ESF switchgear, PBA-
S03. Breaker control power is supplied from Channel A Class 1E 125V DC
distribution panel, PKA-D21. Because of the commonality of this pump’s power
supply with that of the Train A AF pump, plant changes are being implemented to
provide alternate control power to the Train N pump breaker via direct connection
to the Train A Class Battery Charger, PKA-H11. These changes are included in the
AF system modcl., The, two normally;closed, Train N AF, pump.CST suction
isolation valves arc powered from Train A 480V AC MCCs (PHA-M33 supplies
CTA-HVO001 while PHA-M35 supplics CTA-HV004).

Non-class 120V AC instrument and control pancl, NNN-D11, (normally aligned to
its emergency power source, PHA-M31, per Procedure 410P-INNO1) provides
power to the FWCS SOVs (SGN-FY 1113 and SGN-FY1123), which control
pneumatic supply to the downcomer flow control valves, These SOVs fail-closed
on loss-of-power, causing air to be trapped between the SOV and the flow control
valve; thus, the flow control valves fail “locked” (as-is) on loss-of-power to the
associated SOVs.

Train N pump flow control may also be accomplished using the downcomer flow
control motor-operated bypass valves (SGN-HV1143 and SGN-HV1145). Power
to these valves is provided from non-class 480V AC MCC, NHN-M71, which
normally receives power from Train A Class 1E 480V AC bus, PGA-L33. Non-
class MCC, NHN-M71, is automatically load-shed upon receipt of a Safety
Injection Actuation Signal (SIAS); however, the operator can reload the bus after
load shed occurs.
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5.2.1.8.7

Single solenoid valves (SGA-UY172/-UY175 and SGB-UY130/-UY135) exist in
the IA supply line to each downcomer feedwater containment isolation valve’s
“pilot” valve, Currently, the Train A SOVs (powered from Class 1E 125V DC bus,
PKA-D21) are “encrgize-to-open” and vent on loss of power causing their
respective containment isolation valves to close. The Train B SOVs, powered from
Class 1E 125V DC bus, PKB-D22, are “energize-to-close” and fail “through” on
loss of power, causing their respective isolation valves to open. Plant changes are
being implemented to change the failure mode of the Train A containment
isolation valves. Upon completion of plant changes, all downcomer fecdwater
containment isolation valves will fail-open on loss of power. This is the
configuration evaluated in this IPE submittal. The downcomer FWIVs will
continue to close on Main Stcam Isolation Signal (MSIS).

Solenoid valve, SGN-PV 1128, automatically aligns a dedicated nitrogen
accumulator (SGN-X02) to provide backup pneumatic supply to the downcomer
flow control valves and the FWIVs, This solenoid is powered from the non-class
DC power system (ZAN-CO1 via NKN-D42).

Power to the Auxiliary Building Normal AHUs (HAN-AO1A and HAN-AO1B),
which provide normal HVAC supply to the essential AF pump rooms, is provided
from non-class 480V AC MCCs (NHN-M25 and NHN-M26, respectively). The
common discharge duct isolation damper (HAN-MO3) is powered from non-class
125V DC distribution panel, NKN-D42. Damper HAN-MO3 fails-closed on LOP
to NKN-D42,

The Train A AF pump room cssential ACU (HAA-Z04) is powered from Train A
480V AC MCC, PHA-M37, while the Train B AF pump room essential ACU
(HAB-Z04) is powered from Train B 480V AC MCC, PHB-M38,

Technical Specifications

PVNGS Technical Specification 3/4.7.1.2, “Auxjliary I Fccdwatcr System,”.directly
addrésses the AF systcm. It requires that all threec AF pumps be operable during
normal plant operations (Modes 1 through 4 until the SGs are no longer required
for DHR). 72 hrs, are allowed for repair of one inoperable AF pump. If the
inoperable pump is not repaired within the allotted time, the plant is required to be
in at least Hot Standby (Mode 3) within the following 6 hrs. With two inoperable
AF pumps, no outage time is permitted and the plant is required to shut down to at
least Hot Standby within 6 hrs, With three inoperable pumps, immediate action is
required to restore at least onc AF pump. Shutdown is not advisable without an
available AF pump.

A related PVNGS Technical Specification is 3/4.7.1.3, “Condensate Storage
Tank.” This specification requires a dedicated volume of 300,000 gallons of water
in the CST. Other water outlets, such as condenser hotwell makeup, penetrate the
tank above the level required to maintain a dedicated and available volume of
300,000 gallons. An outage time of 4 hrs, is permitted without an available backup
water source; seven days are allowed if the Reactor Makeup Water Tank (RMWT)
can be demonstrated operable as a backup water source within the initial 4-hr.
period. No volume requirement is given for the backup water source.
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5.2.1.8.8 System Opcrauon

5.2.1.8.9

During power operations, the AF system is in standby modc The Train N AF
pump is used to supply feedwater during normal plant heatup/cooldown and during
reactor startup and shutdown, below about 1% of rcactor power. The Class 1E AF
pumps arc not uscd for normal opcption unless the Train N pump is unavailable.

Following a plant trip, an AFAS is gencrated in response to a low level in either
SG. Upon reccipt of the AFAS, the ESF load scquencers start both Class 1E pumps
(sce Scction 5.2.2.21). The AFAS signals directly activate the MOVs that align AF
flow to the appropriate SG. Each pump is provided with continuous minimum-flow
recirculation, which discharges to the CST. Once the AF pumps are started, SG-
level is controlled between the trip and reset level sctpoints by automatic operation
of the AF isolation and throttle valves. AFAS controls SG level without operator
intervention; however, the operator may choose to manually start an AF pump and
manually control flow in order to avoid an AFAS. In addition, the opcrator,
according to PVNGS Recovery Operations Procedures, is directed to override
automatic control of the pump discharge throttle valves in order to more ‘closely |
control SG level. In order to guard against SG overfill when the operator takes
manual control of the AF pump discharge throttle valves, the discharge isolation
valves are left in automatic mode. AFAS closes the isolation valves at the AFAS
reset-level setpoint. This is in accordance with the Safety Function Flowchart of
the Emergency Operations procedure, which directs the operator to restore SG
level and to match stcam/feed rates to existing reactor heat load.

In the cvent of a normal reactor trip or loss of sccondary coolant (per procedures
41R0-1ZZ01 and 41R0-1ZZ03, respectively), the Train N AF pump is the
preferred means of feeding the SGs after a plant trip uniess a MSIS occurs,
isolating the pump. The second preferred source is the Train B (motor-driven)
pump and the third is the Train A (turbine-driven) pump. The Train A pump is the
least preferred, principally due-to the potential for unmonitored radioactive steam
release via the pump turbine atmospheric discharge in the event of a SG tube leak.

Operation-of-the-Train *Arpump-requires: proper-operation of:the Terry Turbine
(AFA-KO1). The turbine stcam supply valves (SGA-UV134 and SGA*UV138) arc
cach provided with a 1-in. solenoid-operated bypass valve (SGA-UV134A and
SGA-UV138A), which open on receipt of a pump start signal or AFAS. This small
stcam admission allows the turbine to gain speed (an overspeed trip shuts the stcam
admission valves if turbine speed reaches 4058 rpm. A turbine overspeed trip must

- be reset locally). The turbine increases control-oil pressure, which throttles the

normally-open turbine-governor valve toward the closed position prior to opening
of the stcam supply valve after a 10 sec: time delay.Steampasses through cither of
the stcam admission MOVs, and then through the normally-open turbine trip/
throttle valve AFA-HV54, before entering the turbine. Steam exiting the turbine is
cxhausted to atmosphere.

Major Modeling Assumptions

"The following is a list of assumptions made during the development of the AF

fault-trec model:, >

a) Certain plant Initiating Events (LOCAs, FLB, SLB, and SGTR) cause an
MSIS initiation, which results'in closure of the downcomer FWIVs,
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¢ disabling the Train N AF pump flowpath, The PRA Model includes human ’
crror associated with operator failure to override the MSIS signal and
remotely start the Train N AF pump (sce Scction 7.4).

i b) The PRA Model includes human crrors associated with operator failure to
! align the AF system, and the following: (1) the Control Room operator
fails to manually align AF, per procedure, from the Control Room, given
failurc of AFAS due to common-cause failurc of SG level sensors. The
timing requircments associated with these errors arc as follows: (1) if
neither FW pump continues to operate after reactor trip, AF alignment
must be accomplished within 40 mins. (see Scction 7.4), and (2) if at least
onc FW pump continues to operate for 30 mins. after reactor trip, AF
alignment must be accomplished within 100 mins. (sce Section 7.4). A
higher reliability was assigned to two similar events having identical
timing requircments which account for operator failures to align AF flow
given proper operation of AFAS signals (sec Scction 7.4).

¢) The PRA Model includes human crror associated with operator failure to
open the appropriate downcomer feedwatcer regulating bypass valve
, (SGN-HV1143/-HV1145) within 20 mins. of the associated downcomer
‘regulating valve (SGN-FV1113/-FV1123) failure to open (sce Section
! 7.4).

d) The PRA Modcl includes 2 human error associated with the fo]lowing
‘scenarios: (1) the Control Room operator fails to direct the Auxiliary
Opcrator to manually open the Train C powered essential AF pump .
discharge valves (AFC-HV33/-HV36) following an alarmed loss of the
Channel C DC Vital Bus, or (2) the auxiliary operator fails to properly
carry out the Control Room operator instructions. Two hours arc allowed
(sce Scction 7.4).

¢) The PRA Model includes common-cause events including common-cause

* failure of three out of three AF pumps and two out of two motor-driven AF

. pumps..In.addition,.common-cause failurc:of-two-out of-two<AF systems
valves is included for the essential pump discharge check valves (AFA-
V137 and AFB-V138), the in-containment essential supply header check
valves (AFA-V079 and AFB- V080), and the Train A essential pump
turbine-driver steam supply MOVs (SGA-UV134 and SGA-UV1338).
Common-cause of selective four out of eight essential.pump discharge |
MOVs accounts for all combinations of MOV failures that would result in
loss of flow through cach of the four essential pump discharge lines.
'Common-cause failure of AFAS-1.and-AFAS-2'ducto SG.level indication -~
failure is also included in the Model.

f) The Auxiliary Building Normal HVAC units which also supply normal
cooling to the essential AF pump rooms, are disabled by SIAS resulting |
from LOCA, FLB, SLB, SGTR, duc to the fact that isolation dampers
HAA-M04 and HAB-MO04 closc on SIAS.

g) The cssential AF pump faults include failures of the normal and essential |
. pump room HVAC units. Essential AF pump room HVAC failures include
- " failure of the appropriate EC system Train to supply the room essential ‘
N AHU. This failure includes the failure of the associated SP/EW system
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h)

i)

R)

k)

)

m)

n)

P)

Trains to supply cooling to the EC system.

Analysis results (see Section 6.2.5) indicate a high probability that the
essential motor-driven AF pump will survive for at least 12 hrs. with no
HVAC supplied, and a 50% probability that the pump would survive 24
hrs. A similar analysis of-the turbine driven AF pump indicates a high
probability that the essential turbine-driven AF pump will survive for at
least 24 hrs. with no room cooling provided. With normal HVAC supplied,
but essential HVAC unavailable, both class AF pumps are likely to survive
for at lcast 24 hrs.

The PRA Model includes failures associated with the Train N pump
backup control power (currently being installed in all PVNGS units, as
discussed in Section 5.2.1.8.6). Associated failures include transfer-switch
failures and failure of the fuse located between the class battery charger
(PKA-H11) and the pump control circuit,

Modeled human errors include operator failure to align backup control
power (from PKA-H11 via the manual transfer switch) to the Train N AF
pump. If both of the FW pumps fail to run, post-trip, the operator must
align Train N backup control power within 60 mins. (sce Section 7.4). If at
least onc FW pump continues to run (for 30 mins.) post-trip, the operator
must align Train N backup control power within 2 hrs. (sec Section 7.4).

Closure of the Train N AF pump minimum-flow recirculation line is not
necessary to ensure adequate feedwater flow to provide Decay Heat
Removal (DHR). This is basecd on maximum DHR requirements (~300
gpm) and Train N AF pump discharge capacity (approximately 750 gpm
half of this flow is provided to each SG).

The PRA Model includes CST supply failures including manual isolation
valve failures (plus post-maintenance restoration), check valve failures,
and excessive leakage of the CST.

Per the PVNGS Functional Recovery Procedure, 300 gpm of SG supply is
required toprovide adequate DHR when SG flow is'initially re-
established. Based on this information, and on reduced flow requirements
over the first 24 hrs. after the cvent, the 300,000 gallon CST volume is
sufficient to allow 24 hrs. of AF system operation. This conclusion is also
based on UFSAR studies, and is confirmed by Modular Accident Analysis
Program (MAAP) analysxs

The current PRA Model does not take credit for operator recovery action
to align the RMWT backup AE supply upon failure of CST supply (scc
Section 7.4). -

Modeled failures of the IA/nitrogen system supply to the downcomer
FWIVs and flow control valves include appropriate failures of check
valves, manual isolation valves, and pressure control/relief valves. In
addition, failure of the backup nitrogen accumulator (SGN-X02) and
failures of the accumulator auto-actuation components (SGN-PV1128/-
PSL1128) are modeled. "

Existing analysis indicates that there is sufficient pneumatic capacity
available from the dedicated accumulator (SGN-X02) to supply the
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downcomer FW control valves and FWIVs for 8 hrs. following a LOOP; .
however, the accumulator was, conservatively, not credited in the PRA
Model.

q) The PRA Model includes Train A essential pump turbine-governor valve
; failures, and failure of the Class 1E 125V DC power (This malfunction
i ’ includes the failure of long-term DC equipment room HVAC). In addition,
. the model includes electrical faults which fail the turbine-govemor valve
speed control select relay, causing the turbine-driven pump to fail to start

\ or run,

r) The PRA Model includes failure to restore after maintenance the
following manual isolation valves: the essential AF pump suction manual
isolation valves (AFA-V006 and AFB-V021), the essential AF pump
discharge manual isolation valves (AFA-V016 and AFB-V025), and the
Train N AF pump suction/discharge manual isolation valves (AFN-V001/
-V013). Failure to restore after maintenance was also included for the
essential AF pump turbine steam admission manual isolation valve (AFA-
V002) and the turbine stcam admission “start-up” line manual isolation
valve (SGE-V889),

s) Corrective maintenance unavailability was modeled for all three AF
pumps, the essential pump discharge throttle/isolation MOVs, and the
Train A essential pump trip/throttle valve (AFA-HV054). In addition,
corrective maintenance unavailability was included for the Train A
turbine-driver steam supply MOVs (SGA-UV134/-UV138). Corrective
maintenance unavailability is also modeled for the two motor-driven AF
pump circuit breakers and for the Train B Load Scquencer. The Train A
AF pump start is not associated with the Train A Load Sequencer; pump
start occurs as aresult of the AFAS relays opening the turbine-driver steam
admission valves.

t) The AF pump suction strainers were removed after plant start-up; thus,
these components are not modeled. ., .

u) Control circuit faults were modeled for the essential pump discharge
throttle/isolation MOVS and for the Train N pump’s CST suction motor-
operated (normally-closed) isolation valves (CTA-HV001/-HV004). In
addition, control-circuit faults were modeled for the Train A turbine-driver
stcam supply MOV/SOVs (SGA-UV134/-UV134A and SGA-UV138).
Control circuit faults were also modeled for the downcomer feedwater
flow control bypass valves (SGN-HV1143/-HV1145) and for the
downcomer FWIV SOVs (SGA-UY172/-UY175 and SGB-UY130/-
UY135). Control circuit faults were also modeled for the two motor-
driven AF pumps.

v) Modeled AFAS actuation relay faults include failure to actuate/transfer. |
Load sequencer faults include improper/spurious load shed signals and ‘
load shed signal failure to clear.

5.2.1.8.10 System Analysis Results o

AF system malfunctions arc dominated by several specific human errors including
operator failures to align/initiate the Train N AF pump and operator failure to
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override MSIS and remotely align the Train N AF pump. Another dominant human
crror is as follows: In anticipation of AFAS, the operator starts an essential AF
pump, but neglects to start the appropriate EC system chiller which serves the
pump room essential air cooler. The essential AF pump subsequently fails due to
extreme environment conditions. ..

Common-cause failures also dominate loss of the AF system. These failures
include common-cause failure of all three AF system pumps and common-cause
failure of ESFAS actuation signals (AFAS-1 and AFAS-2) due to failure of SG
level indication.

Other dominant AF system failures include fail to start of either or both essential
AF pumps and either of the essential AF pumps in corrective (unscheduled)
maintenance. Failure to start is most prevalent for the Train A turbine-driven

pump.
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Alternate Feedwater System

System Function

The Altemate Feedwater (AILFW) system provides an altcmatc mcans of restoring
the fecdwater level in the Stcam Gencerator (SG) in the event of simultancous
unavailability of both the Main Feedwater (FW) and Auxiliary Feedwater (AF)
systems. This is accomplished using onc of three low pressure Condensate (CD)
pumps (CDN-PO1A, -P01B, -PO1C), which operates to deliver flow to a
depressurized SG via the downcomer feedwater lines. The CD pumps are located
at the 100-ft. clevation of the Turbine Building.

System Success Criteria
The success criteria for the AILFW system for associated Initiating Events (IEs) is
given below:

+ Small LOCA One of three CD pumps must operate to deliver flow to
one SG within 60 mm if FW is not initially available,
or within 100 min. following loss of FW.

+ SGTR AItFW flow is credited to the intact SG. System success
is associated with flow supplied from one of three CD
pumps to the intact SG within 60 min.

e SLB Flow is delivered from onc of three CD pumps to the
intact SG within the required time (sec Section 7.4 for
time requirements) following the reactor trip.

»  Group Transient Flow must be supplied from one of three'CD pumps to
at least one SG within the time required (see Section 7.4
for time requirements) following the reactor trip.

+ Lossof MFW  AItFW must be aligned from at least onc-of-threc CD
pumps to at lcast one SG within 60 min. following a
reactor trip.’

[ 4 v LA L ] LY ) In )

System Description ™
The AItFW system is actually a combmauon of two systems: the CD system and
the FW system, as shown in Figure 5.2-10. Because no automatic actuation exists
for this system, alignment and operation is performed per Emcrgcncy Procedure
41R0-1ZZ10, “Functional Recovery Procedure.”

The AItFW system requires operation of at least onc of three CD pumps to supply
CD flow to one depressurized SG. Successful operation of this system requires
depressurization of the SG (to approximately 500 psig) via-either the Atmospheric
Dump Valves (ADVs) or the Turbine Bypass Valves (TBVs). Therefore,
availability of either the ADV or TBV systems is required to reduce SG pressure so
that the CD pumps can deliver adequate flow.

All three main condenser hotwcllé provide water to the ALFW system, while the
Condensate Storage Tank (CST) supplies makeup to the Condenser hotwells via
vacuum draw or gravity fccd ,

The FW downcomer lmcs dclwcr flow to thc dcprcssunzcd SG, while thc Fw
downcomer regulating valves (or the downcomer rcgg]atmg bypass valves) control
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5.2.194

5.2.19.5

5.2.19.6

SG level. Both the downcomer regulating valves and the downcomer regulating
bypass valves are operated from the Control Room. Only 5% of normal full-power
flow is required to maintain SG level using ALFW,

Major Components

The three CD pumps are vertical, canned, mixed-flow, six-stage pumps rated for
91,000 gpm (normal full-power flow) at approxnmatcly 450 psig. The pumps arc
driven by vertical, 3500 hp induction motors, and are provided with minimum-

flow recirculation protection.

CD pump scal cooling water is supplied from the CD pump discharge, downstream
of the Condensate Polishing Demineralizers. The CD pump motor upper-bearing
oil is cooled by water provided by the Turbine Cooling Water (TC) system.

The Condenser Hotwells are divided into halves, each of which is capable of
providing water to the CD pump suction lines. The hotwells provide a storage
volume of approximately 100,000 gallons. As hotwell inventory is depleted, water
is drawn from the 550,000 gallon CST through air-opcrated, fail-closed, automatic
makeup control valves (CDN-LV81 and CDN-LV82). In the event of makeup
control valve failure (or loss of condenser vacuum), hotwell level can be
maintained via manual bypass supply valves (CDN-HCV154 and CDN-HCV155).

The High Pressure Feedwater Heater bypass valve, FWN-HV103, is a normally-
closcd, motor-operated, globe valve. This valve can be remotely-operated from the
Control Room.

The downcomer Feedwater Flow Control Valves (SGN-FV1113 and SGN-
FV1123) are pncumatically-operated, stacked-disk type drag valves, which have
position indication in the Control Room. Each downcomer Feedwater Control
Valve is provided with a motor-operated bypass valve (SGN-HV1143 and SGN-
HV1145), which may be operated upon failure of the associated flow control valve.,

Indication of feedwater flow, SG lcvcl and SG pressure are also provxdcd inthe

‘3% ®R T a- ®S X L
. %

Control Roomi. "

Instrumentation for the CST, Condenser, and CD pumps includes Control Board
indication of condenser pressure, hotwell level, CD pump operating status, and CD
pump discharge pressure.

Testing and Maintenance

"No on-line planncd maintenance or.testing is performed on.the CD pumps;
however, CD pump “unscheduled (corrective) maintenance is modeled in the
system fault tree.

The PRA Model also accounts for unscheduled (corrective) mamtcnance on the
High Pressure Heater Train Bypass Valve (FWN-HV103).

System Dependencies and Interfaces

Actuation

The AILFW system has no auto-actuation features.
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5.2.19.7

5.2.19.8

Electric Power

The non-class 4.16kV AC Power system supplies power to the CD pumps (NBN-
S01 serves CD pumps A and B, while NBN-S02 serves CD pump C); therefore,
AItFW system operation requires off-sitc power or success of Fast Bus Transfer

(FBT).

The non-class 480V AC Power system supplics power to multiple CD system
components including isolation MOVs on the CD pump common suction lines,
CD pump discharge valves, Low Pressure Heater Train isolation valves, and the
High Pressure Heater Train bypass valve. Only the High Pressure Heater Train
bypass valve requircs power to permit successful AItFW system operation (all
other MOVs arc normally-open and fail “as-is” on Loss-Of-Power).

Control power to the CD pumps is supplied by the non-class 125V DC Power
system buses NKN-D41 (CD pumps A & B) and NKN-D42 (CD pump C).

HVA -
CD pump operation docs not requirc room cooling.

Operator Action

Opcration of AItFW requires both local and Control Room actions. The Control
Room operator must perform several actions including: 1) decrcase SG secondary
pressurc to approximately 500 psia using ADVs or TBVs, 2) open the High
Pressure Feedwater Heater bypass valve, and 3) close the SG economizer isolation
valves. The entire system alignment process is expected to take 15-30 min.

Local auxiliary opcrator action is required to initiatc manual condenser hotwell fill.
Failures associated with the multi-step system alighment are discussed in Section
7.4.

Instrument Air

Operation of the condenscer automatic makeup supply valves (CDN-LV81 and
CDN-LV82)-and the CD pump’ scal'watcer supply valvc (CDN PV200) require
availability of the 1A system. *

Cooling Water

Operation of the CD pumps requires TC system supply to the CD pump motor
upper-bearing oil cooler. The Plant Cooling Water (PW) system provides cooling
to the TC system hcat exchangers; thercfore, failure of either of these two systems
will result in subscqucm failure of the CD pumps. '

Technical Specifications
PVNGS Technical Specifications do not dircctly affect the AILFW fault tree model.

System Operation
During normal plant opcration at least two CD pumps must operate to provide

flow to the FW pumps’ suction. Dunng AltFW system operation, only one CD.

pump is required to supply water 0 the SG downcomer lines. The High Pressure
Feedwater Heater bypass valve is normally closed.
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5.2.19.9

When a reactor trip occurs, the Control Room operator continues to cool the SGs
(using the FW pumps) until AF is aligned, per Functional Recovery Procedure.
Upon AF system failure, the operator attempts to align AtFW per Functional
Recovery Procedure. The time available for ARFW alignment depends upon the
specific scenario, and upon the post-trip availability of the FW pumps.

The FW pumps (FWN-PO1A and FWN-PO1B) are turbine-driven, and their
continued operation requires sufficient stcam supply from the SGs. Eventually,
reactor decay-heat will decrease below the level required to sustain FW pump
operation.

Once the necessary system alignment is properly established, water from the
Condenser Hotwell is supplicd to the depressurized SG. Air-operated, fail-closed,
automatic control valves provide makcup from the CST to each Condenser
Hotwell, while the FW downcomer regulating valves maintain SG level control. In
the event of makeup control valve failure (or loss of condenser vacuum), manual
bypass supply valves arc provided for hotwell fill,

Major Modcling Assumptions
The following is a list of assumptions made during the development of the ANFW
fault tree model:

a) AItFW docs not function if off-site power is unavailable.

b) All three CD pumps arc normally running when power is available (at the
beginning of a plant transicnt). It is assumed that they continue to run after
a reactor trip, except in the event of a subsequent Loss Of Off-site Power
(LOOP), or failurc of FBT.

¢) When FW is available, it is conservatively assumed to opc‘ratc for an
average of 30 min, subsequent to a rcactor trip. This is based on a survey
of PVNGS cxpericnce.

d) Alignment of AIFW is assumcd 1o require an average of 20 min.

¢) AIFW system failure is defined as the inability to provide.flow.to onc SG .

' usmg at lcast onc operating CD pump, within the following time frames:”

1) If atlcast onc FW pump continues to run for 30 min. following a reactor

trip, an additional 70 min. (100 min. total) are available to complete

AlLFW system alignment and, 2) If both FW pumps trip concurrent with

(or shortly after) the reactor trip, then 60 min. are available to complete
AlItFW system alignment.

f) Inaccordance with the analysis performed in support of CEN-239 (page
278), the “Time to initiate SG depressurization and feed via a low head
pump to prevent core uncovery” is 59 min., therefore, the PRA Model
assumes that the opcrator has 1-hr. to establish AtFW flow if both FW and
AF are unavailable.

2) The condensate in the Condenser Hotwell at the time of the reactor trip
may be quickly depleted; therefore, makeup flow from the CST to the
Condenscr Hotwell is required for sustained AILFW operation. Manual
makceup is required cither upon failure of automatic makeup, or when
condenser vacuum is lost. This assumption provides conservatism in cascs
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h)

D

k)

)

where the TBVs are successful in relicving secondary system pressure (no
CST makeup would be required).

Based on the Functional Recovery Procedure requirement of 300 gpm SG
supply for Dcecay Heat Removal (DHR), the volume of CST water
available to the CD pumps (approximately 60,000 gal.) will provide
approximately 3.5 hrs. of- AItFW system operation. In combination with
the volume of water existing in the Condenser hotwell, the total volume
immediately available to the AItFW system is sufficient to provide several
hours of adequate SG supply if the ADVs are being used for secondary
system cooling. If the TBVs are in service (allowing recycling of water to
the Condenser hotwell), this volume of water will provide sufficient SG
supply indefinitely. In addition, several means exist for extending the
availability of CST inventory, such as: nomal CST makeup systems, CD
system Unit cross-tie capability, or restoration of the Condenser Vacuum
system.

Four flowpaths (8-in. lines) exist between the CST and the Condenscer
Hotwell. Two of these arc normally-closed via manual isolation valves,
while flow through the other two is controlled by SOVs/AOVs in response
to hotwell level changes. Because no pump exists between the CST and
the Main Condcenser, makeup flowrate is determined by the clevation and
pressure head existing between the two. The elevation difference is small;
thus, loss of condenser vacuum results in a significant reduction in CST
flowrate. Upon loss of condenser vacuum, the procedure for AtFW
alignment (41R0O-1ZZ10) dirccts the operator to manually align hotwell
fill via the level control bypass valves. The flowrate to the Condenser
Hotwells remains insufficient unless the operator opens the manual valves
in both of the CST bypass supply lincs. Once these valves are open, the
availability of the automatically controlled makeup lines is irrclevant,
since the combinced flow arca of the two manual lines is greater than the
arca of the common pipe that feeds all four hotwell fill lines, Failure of the
opcrator to manually align the CST supply lines results in the failure of

CANFW systemer o x wnte pas ta s ooy g el

Flowpath availability through onc Low Pressure Heater Train is assumed
adcquate to provide sufficient flow for SG cooling.

During AILFW system alignment, the operator is directed to ensure that
cither onc of the FW pump discharge valves is open, or one of the FW
pump bypass valves is open. The PRA assumes that during full-power
operation, both of the FW pump discharge valves are open; therefore, no
operator action is required. Appropriate failures of the FW pump
discharge valves are included in the PRA Model.

The High-Pressure Heater train bypass valve must open in order to pass
adequate condensate flow through the high pressure heater section. The
operator is directed to perform this action when time permits. This
assumption is conservative because, even without the open bypass valve,
significant CD flow continucs;to pass through the high-pressure heaters.

Certain support system f ailures will result in failure of AILFW including
the following: 1) Failure to supply TC to the CD pump lube oil coolers, 2)
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Upon failure of PW, the operator is directed to remove all heat loads from
the TC system; thus, failing the ALFW system as in the above cvent, and
3) failure of IA results in loss of CD pump seal water flowpath, and loss of
automatic Condenser Hotwell makeup. These three conditions result in the
failurc of AItFW,

n) The PRA Model does not include alignment of an alternate unit’s CD
pumps, although a written procedure exists for this purpose.

0) AItFW does not function following a loss of all CD Pumps Initiating |
Event. |
\

5.2.1.9.10 System Analysis Results

Major contributors to AItFW system failure are attributed to operator failure to
align the CD and FW systems, and failure of FBT (FBT must occur in order to
supply power to the CD pumps upon unit trip). An additional contributor to AWFW
system failure is the loss of 1A supply, which supports the air-operated makeup |
valves (between the CST and the Main Condenser), and the CD pump seal water

supply line. Common cause failures do not play as major a role in this system ‘
because of its susceptibility to several single failures. Overall reliability of the |
AUFW system is low.

The AILFW system is failed by the following initiating events: LOOP, loss of all
CD pumps, loss of IA, loss of PW, and loss of TC systems.
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5.2.1.10 Chemical and Volume Control System (Charging and Auxiliary Pressurizer

Spray)

5.2.1.10.1 System Function

The Chemical and Volume Control System (CVCS) performs many diverse
functions. Functions that arc rclcvant to the PRA are:

a) CVCS provides seal m_;ccnon to the reactor coolant pump seals and
controls the bleedoff from the pump seals.

b) CVCS provides the source of borated water used in shutting down the
reactor during an Anticipated Transient Without SCRAM (ATWS)

condition.

¢) CVCS provides water to the Auxiliary Pressurizer Spray System (APSS).
APSS provides spray to the steam space in the pressurizer for maintaining
operator control of Reactor Coolant System (RCS) pressure when the
normal spray is unavailable. The APSS is used in normal operation during
the final stages of shutdown and during emergency operations when the
Reactor Coolant Pumps (RCPs) have been tripped.

5.2.1.10.2 System Success Criteria

The success criteria for the CVCS system for associated events is given below:

+ RCS Integrity

s ve ‘\‘AI‘WS';t-:b?“o&‘VO ¢ wor

+ SGTR

To maintain RCS integrity (prevention of a RCP seal
LOCA), scal injection or nuclear cooling water is
required to be supplied to the RCP seals to maintain seal
integrity. If a loss of nuclear cooling water occurs, the
opcrator must secure the RCPs within 10 mins. if scal
injection is available or within 5 mins. if seal injection
is not available. The success criterion for RCS integrity
is one charging pump providing scal injection flow for
24 hrs.

One charging pump supplying 40 gpm of:borated water
for 1 hr. is required for ATWS. The charging flow must
be supplied from the RWT and can be from either the
Boric Acid Makeup (BAM) pumps or from the gravity
flow line, There is a timing requirement in that charging
flow must be initiated within 10 mins. of the initiation
of the ATWS to ensure proper shutdown margin. The 1

. hr. mission time ensures that the required shutdown

margin is achieved.

For a stecam generator tube rupture, the RCS must be
depressurized to reduce the primary to secondary leak
rate and get the plant on shutdown cooling so the stcam
generators are not required for heat removal. The APSS
requirement for depressurization is that at least onc
charging pump is supplying borated water from the
RWT through one of the APSS valves for 8 hrs, This 8
hr. criterion is based upon an 8 hr. cooldown to

-shutdown cooling entry conditions.
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5.2.1.10.3

5.2.1.10.4

System Description

The Chemical and Volume Control System (CVCS) removes RCS water via the
letdown line and passes it through the regenerative heat exchanger, letdown heat
exchanger, and purification ion exchanger to the Volume Control Tank (VCT). A
simplificd diagram of the CVCS system is shown in Figure 5.2-11. Letdown flow
is controlled by the letdown control valve and letdown backpressure valves. The
letdown control valve and letdown backpressure valve positions are controlled
based upon pressurizer level and intermediate letdown system pressure. The VCT
also receives flow from the reactor coolant pump control bleed-off lines and gas
stripper return. The VCT water is then returned to the RCS using one or more of
the charging pumps. The water returning to thé RCS passes through the shell side
of the regenerative heat exchanger where it removes heat from the incoming
letdown. Flow upstream of the heat exchanger is directed to the RCP scal line
while flow downstream of the heat exchanger supplies normal charging and can be
diverted to the APSS line. During normal operation, seal injection and normal
charging is aligned while APSS is isolated.

The RWT can also be used as a source of suction for the charging pumps in cither
of two ways. First, the BAM pumps can be aligned to provide flow from the RWT
to the VCT or to the charging pump suction. Second, the RWT can be aligned to
gravity fced the charging pump suction via HV-536.

APSS is initiated and controlled in the Control Room by operator action. APSS can
be used with or without normal charging supplying flow to the RCS depending on
the sequence. APSS can be initiated by opening either of two APSS control valves
(HV-203/205). ’

In the analysis presented in this study, APSS is only credited during the SGTR
cvent when RCPs are unavailable to control and reduce RCS pressure to mitigate
the primary to secondary leak.

Major Components o ,

‘The thiree ¢hafging Purnps ar¢ positive displaceméiit pumps: Each charging pump,
is aligned in one of three modes of operation: “Always Running”, “Normally
Running”, and “Standby”. The “Always Running” pump will only stop duc to a
loss of power or a ESFAS load shed signal. The “Normally Running” and

“Standby” charging pumps are automatically started and stopped based upon a
pressurizer level program error. All three pumps can operate simultaneously if
required. The charging pumps normally take suction from the Volume Control

Tank (VCT). The VCT is used to accumulate letdown water from the RCS to

provide for control of hydrogen concentration and a reservoir of reactor coolant for
the charging pumps. VCT makeup is from the Reactor Makeup Water Tank

(RMWT) and the Refueling Water Tank (RWT). The VCT is pressurized using

cither the hydrogen or nitrogen (cold shutdown) gas supplies.

If the VCT is unavailable during a transient, the charging pumps can take suction
from the RWT. The RWT can hold up to 750,000 gallons of water with a boron
concentration of 4000 to 4400 ppm. Water from the RWT can be supplicd to the
charging pumps by either the BAM pumps or by gravity feed. There are two BAM
pumps, each supplying a design flow of 165 gpm. Only one BAM pump is required
to provide flow to all three charging pumps.
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5.2.1.10.5

5.2.1.10.6

Prior to reaching the RCP scals, the scal injection water travels through a scal
injection filter and heat exchanger. There arc two redundant filters, which remove
insoluble particles from the scal injection flow to the RCPs. The charging line flow
is controlled by a 2-in. air-opcrated pressure control valve, PDV-240, which
maintains a 105 psi differential backpressure to insurc that reactor coolant pump
scal injection pressure is higher than the reactor coolant system pressure.

The APSS isolation valves, HV-203/205. arc 2-in. solenoid valves which arc
manually opened and closed from the Control Room.

The charging pumps and VCT are located in the Auxiliary Building. The charging
pumps arc on the 100-ft. level, and the VCT is on the 120-ft. level. The APSS
isolation valves are located in the pressurizer valve cubicle in Containment.

I_nstrumcntation for the CVCS includes Control Room indication of pump and
major valve status as well as RWT and VCT level and temperature indication.
System flowrates for charging and scal injection/retum arc also available.

Testing and Maintenance

The charging pumps are tested per ASME Standards, Section XI, every quarter.
Valves in the CVCS system are tested every quarter or 18 months per Section XI.
APSS isolation valves are tested cvery 18 months per Section XI. Unscheduled
maintenance is included for seal injection.

System Dcper{cfcncics and Interfaces

Actuation

Two of the charging pumps arc normally running but are load shed on a Loss of
Power (LOP) to Class 1E 4.16kV AC bus PBA-S03 or PBB-S04. The previously
running charging pumps are restarted once power is restored or after 40 secs.
(sequencer times out) if a SIAS is present with a LOP.

The scal.injection line is.automatically.isolated on-RWT. low/high. temporature
(70° F/150° F). Therefore, failure of this temperature loop could fail seal'injection.
The RWT gravity feed valve, HV-536, opens automatically on low VCT level and
loss of power to BAM makeup to VCT valve, HV-514, )

Electrical Power
The charging pumps require 125V DC Class 1E (breaker control power) power to
start/stop and 480V AC Class 1E motive power for pump operation, The Train E
charging pump can be aligned,to cither Train"A or'B. The BAM pumps are
suppllcd from non-class 480V AC. The gravity makeup valve from the RWT, HV-
536, is supplied from Train A 480V AC power. The normal charging valve, PDV-
240, is powered from non-class, 125V DC power. The APSS isolation valves
require long term DC power. HV-203 requires Train B DC power and HV-205
requires Train A DC power.

o t
n Il" Vo " "}A"’i"‘-

Various valves in the CVCS require Instrument Anr (IA) for opcrauon The normal
charging valves, HV-239/240, require IA and fail closed on a loss of 1A, which
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isolates the normal charging line. Charging to the RCS is still available through
spring loadcd check valve, CH-V435, which bypasses HV239/240.

BVAC
Each Charging Pump Room is supplied by the Auxiliary Building Normal

- Ventilation System. Additionally, cach pump room has its own room cooling unit,

5.2.1.10.7

5.2.1.10.8

which is in operation when its associated charging pump is running: ‘Analysis
performed in Engincering Evaluation Request (EER) 90-CH-040 shows that the
charging pump mission time requirements can be met in the cvent of a loss of
pump room cooling. Loss of HVAC to the charging pumps does not fail the
charging system.

Operator Action

Operator action is required to initiatc boration within 10 mins. during an ATWS,
Operator action is controlled per Procedure 41A0-1Z2Z01, “Emergency Boration”.
Operator failure to emergency borate during an ATWS is described in Section 7.4.

Operator action is required during normal operation and during transients to ensure
that scal injection is supplicd to the RCPs. For cvents that result in a loss of cooling
to the RCP motors or scals, opcrator action is required to trip the RCPs in
accordance with Procedure 41A0-1ZZ29, “RCP and Motor. Emergency”, to
prevent RCP damage. The RCPs are tripped as a result of loss of scal cooling to
prevent an RCP seal LOCA. Operator failure to tnp the RCPs in event of aloss of
scal cooling is described in Section 7.4.

Operator action is required during a SGTR event to depressurize the RCS using
APSS to reduce the primary to secondary leak rate if RCPs are unavailable.
Operator failure to depressurize the RCS in the event of a SGTR is described in
Section 7.4.

Technical Specifications

The following PVNGS:T/Ss_ are. apphcable to the CVCS operation:» ¢332/ o,

a) Specification 3/4.1. 2 2 requires that at least two of three boron injection
flowpaths be operable including gravity feed to the CH pumps from the
RWT (two paths) or spent fuel pool through the BAM filter bypass to the
charging pumps.

b) Specification 3/4.1.2.4 requires that at least two of three charging pumps
be operable-during operation.

c) Specifications 3/4.1.2.6 and 3/4:5. 4 require that RWT be operable with the
proper volume, temperature, and boron concentration.

d) Specification 3/4.4.3.2 requires that both APSS valves be operable during

normal operations including a 72-hr. Action if one valve is inoperable and .

a 6-hr. Action if both valves are inoperable.

System Operation "
Scal injection for the RCPs is pmvxdcd dunng RCP pump operation. Scal injection

flow passes through the seal injection heat exchanger and then the’seal injection
filters. Part of the flow passes through the seal assembly. It cools the scal cavity and
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‘ returns to the VCT. The remainder of the flow is directed towards the RCP casing
and provides a flushing flow which minimizes deposition of radioactive crud in the
scal cavity. On high or low temperature levels for the injection flow, temperature
sensor, TE-231, sends a signal to close UV-231P, stopping injection flow. In both
cases, the extreme temperatures would do more damage to the scals than zero flow
would do. Seal injection flow must be manually reinstated by the operator once the
temperature extremes have been eliminated.

Normal charging flow from the VCT is provided during normal operations using
onc or two charging pumps. On an ATWS condition, an emergency boration will
be initiated per Procedure 41A0-1ZZ01, “Emergency Boration”, There are several
ways to emergency borate. When accomplished at operation it is done via gravity
feed from the RWT through the gravity feed line (via HV-536) to the charging
pump suction. A flow rate of at least 40 gpm is required by the emergency boration
procedure and is continued until the required shutdown margin is reached.

The APSS is used during natural circulation cooldown when the normal
pressurizer spray is unavailable due to the RCPs being tripped. When this occurs,
the operator will use APSS to control RCS pressure per “Emergency Operations
Procedure,” 41EP-1ZZ01, Appendix E, “Natural Circulation Verification.” In the
PRA Model, APSS is only required during a SGTR event. Appendix E will be used
during the performance of Procedure 41RO-1ZZ06, “Steam Gcnerator Tube
Rupture” if the RCPs are not available due to plant conditions. oo

e

5.2.1.10.9 Major Modeling Assumptions

-

‘ a) For charging pump operation, it was assumed that letdown has been R
isolated following the reactor trip and, therefore, the VCT was not taken -
credit for as a suction source. Additionally, it was assumed that if APSS L

was required for cooldown, RCS subcooling is lost and letdown was
isolated due to low pressurizer level. Therefore, for simplification, the
VCT was not taken credit for as a source of water.

b) The A chargmg pump was considered running prior to an event while the
‘other two chargmg pumps were in standby. Charging pumps A, B, and E
arc required to restart on a LOOP.

¢) The only two suction sources taken credit for in this analysis are BAM
pump supply to the charging pumps and gravity feed from the RWT
through HV-536. Only one BAM pump is required to supply water from
the RWT.

d) Secal injection can be placcd in maintenance for short periods of time
without affecting the RCPs as long as NC supplies seal cooling.

¢) Common-cause failure i§ included for APSS injection valves and VCT
level instrumentation. VCT level instrumentation failure results in a loss
of automatic suction switchover to the RWT for the charging pumps.

5.2.1.10.10 System Analysis Results
Loss of RCS integrity events are dommatcd by operator failure to trip the RCPs
once scal injection and/or seal coolmg is lost. Both charging and seal injection
’ failures are dominated by charging line failures, seal injection line failures, and
common-cause failures, which include both valve failures and VCT level
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instrument failures. On a loss of off-site power, failure of the Train A DG fails
charging (loss of power to HV-536). Scal injection line failures including
maintenance and temperature interlock failures, are also significant contributors to
scal injection system failures.

The APSS failures are dominated by three sets of failures including common-cause
and charging linc. The common-cause failures include both the APSS injection
valve failures and the VCT level instrument failures. The charging line failures
include all manual valve, check valve, and flow ¢lement failures between charging
pump discharge and the APSS injection line and are dominated by check valve
failures.

Failure to provide emergency boration following an ATWS is dominated by
operator failure to establish the necessary charging flow.
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S2.1.11

5.2.1.11.1

5.2.1.11.2

5.2.1.11.3

5.2.1.11.4

Steam Generator Blowdown System

System Function

The Stcam Generator Blowdown (SGBD) system is a subsystem of the Secondary
Chemical Control (SC) system. The SGBD system compensates for the
concentrating cffect of the Steam Generators (SGs) through continuous blowdown,
processing, and reuse of a portion of the secondary fluid from each SG. The SGBD
can also be used in wet-layup mode or in the event of a Steam Generator Tube
Rupture (SGTR) to aid in the removal of contaminated secondary water. The
analysis performed for the PRA is concerned solely with SGBD function during an
SGTR cvent.

System Success Critcria g
The success criteria for the SGBD for SGTR cvents is given below:

e SGTIR The system success criterion is availability of the
SGBD system to receive flow from the ruptured SG
(SG1) as necessary to prevent SG overfill. A 24-hr.
mission time is assumed to allow time for the
operations staff to bring the plant to a stable condition.

System Description

Each SG has two blowdown nozzles: one from the hot-leg side and one from the
cold-leg side (sce Figure 5.2-12). Only one line is open at a time with blowdown
normally drawn from the hot-leg side. These two lines combine in Containment
and proceed through flow control valves (SCN-HV1A/B/C and SCN-HV2A/B/C)
to the Blowdown Flash Tank (SCN-XO01). The common line has two Containment
Isolation valves: one inside and the other outside Containment. Both of these
valves closc on MSIS, AFAS, or SIAS.

The primary flowpath to the Blowdown Flash Tank is via the “normal” flowrate
line; however, two"additiénal flowpaths' (“abiiormal” and “high-rate”) are also
available. The Flash Tank cools the incoming blowdown liquid. A level control
valve regulates Flash Tank outlet flow to blowdown processing equipment. The
Flash Tank stcam space is vented to the Heater Drain Tank.

Flow from the Flash Tank is normally routed through the Blowdown Heat
Exchanger and the Blowdown Filter. Flow then proceeds through the Blowdown
Demineralizer, which removes impuritics. The water then discharges to the Main
Condenser for reuse, or to the blowdown Total Dissolved Solids (TDS) sumps for
disposal.

Major Components

Each hot-leg and cold-leg blowdown line includes a motor-operated isolation
valve; the hot-leg isolation is normally-open during plant operation, while the
cold-leg isolation is normaily-closed. These isolation valves are motor-operated,
fail as is valves, and are not required to change position during an SGTR event.
The Containment Isolation valves, located downstream on the common blowdown
line, are air-operated, fail-closed valves that would most likely close automatically
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5.2.L1L5

5.2.1.11.6

on an SGTR event due to a subsequent SIAS or AFAS. Containment Isolation
valve closure results in a complete loss of SGBD capability.

The Flash Tank is a vertical, cylindrical, 9250-gallon tank designed for 275 psig at
400° F. The tank is sized to accommodate a continuous blowdown flowrate of
approximately 172,000 Ibm/hr. and to accommodate increased (high-rate)
blowdown for a 2-min. duration. The tank inlet consists of three separate lines,
cach equipped with a fail-closed, non-modulating, air-operated isolation valve.
These lines are for “normal”, “abnormal”, and “high-rate” flow operation (0.2%,
1.0%, and 8.5% of the maximum steaming rate of 8,600,000 lbm/gencrator-hr.,
respectively) with the “normal” flowrate line typically in service. The “normal”
and “abnormal” lincs flow into a common header, which leads to the Blowdown
Flash Tank while the “high-rate” line enters scparately.

The Blowdown Heat Exchanger (SCN-E02) uses condensate to cool the
blowdown fluid before it enters the Blowdown Demineralizer bed, preventing
resin breakdown. The SGBD filter is sized to accept 141,000 lbnmvhr. blowdown
flowrate. The filter removes 95% of suspended solids larger than 5 microns before
the blowdown liquid enters the demincralizer bed where two mixed-bed
regenerative resin-type units further purify the blowdown fluid.

Control Room indications and control functions for the SGBD system include
control switches and position indication for the hot/cold-leg blowdown valves and
the blowdown Containment Isolation valves. In addition, a rate-select switch and
path-select switch exist for cach SG. The rate-selector switch (normal, abnormal,
and high-ratc) and path-selector switch (Blowdown Flash Tank, Condenser, and
Off) logic provides valve position indication of the Blowdown Flash Tank (and
Condenser) “normal”, “abnormal”, and “high-rate” control valves. Indication of
Blowdown Flash Tank pressure and flash tank equalizing line (vapor) flow is also
provided.

Testing and Mamtenancc .o

The Containment Isolauon valvcs are strokc tcstcd quartcrly pcr ASME Standards,
Section XI, testing program, and are normally-open during plant operation.

Maintenance time on the high-rate valve is assumed to be 116 hrs., since the valve
is not crucial to system operation (continued power operation). Test time for the
high-rate valve is assumed to be 18 months, even though the valve is opened more
often (once per week) to improve SG chcrmstry (the high-rate valve is open for
only 2 mins. each week).

PVNGS Technical Specifications require SGBD system surveillance including
demonstration of valve operability prior to returning a Containment Isolation valve
to service.

System Dependencies and Interfaces’

Actuation ‘ P
The Blowdown Containment Isolation valves close automatically upon receipt of
an AFAS, SIAS, or MSIS.

Rev.0 477192

5.2.1 Front-Line Systems 5-61



Steam Generator Blowdown System

s

Opcrator Action

Opcrator action per the SGTR Emergency Procedure (41R0-1ZZ06) is rcqunrcd
for SGBD operation in the cvent of an SGTR. When the level in the ruptured SG
approaches 90% (by wide range), the operator is directed to drain the SG via the
Blowdown Demincralizers to 72% wide range. The operator is later directed to
cooldown the isolated (ruptured) SG. In proceeding with this cool down, the
operator is instructed to adjust blowdown rate and feedrate to prevent exceeding
RCS cooldown ratc of 75° F per hr.

Electric Power

The SG hot/cold-leg blowdown valves require non-class 480V AC power (NH) to
change position, but valve transfer is not normally required (no loss of blowdown
flowpath) since the hot-leg blowdown valve is normally-open.

power to operate. Failure of clectrical supply to these valves results in loss of
blowdown flowpath to the Blowdown Flash Tank, The valves in the alternate
flowpath (the blowdown flowpath leading dircctly to the Main Condenser,
upstrcam of the flash tank inlet flow control valves) are not modeled; however,
these valves are also supplied by the same clectrical source as the flash tank inlet
valves. Failure of this non-class 125V DC supply rcsults in the loss of all
blowdown.

The Blowdown Containment Isolation valves require long-term Class 1E 125V
DC power (PKA-D21 to SGA-UYS00P and PKB-D22 to SGB-UY500Q) to
operate. It is assumed that, prior to the SGTR, thesc valves are open, but close
upon receipt of a SIAS later in the event. The valves are, therefore, required to
open for blowdown to function during this event. Loss of power to either of these
valves results in a complete loss of the blowdown flowpath.

Instrument Air

The Blowdown Containment Isolation valves and the blowdown flow control
valves:require. Instrument -Air-(fA)-to.open or remain open: Loss ofIA to cither of
. these valves results in a complete loss of the blowdown flowpath, >+« > -

Cooling Water

The Blowdown Heat Exchanger requires condensate for cooling, but cooling is not
required during an SGTR since the system*will still function to lower the SG level
after failure of the condensate (CD) system.

5.2.1.11,7 Technical Specifications ;
PVNGS Technical Specification 3/4.6.3, “Contammcm Isolation Valves, applics
to the SGBD Containment Isolation valves in Modes 1 through 4. The following
requirements apply to the Containment Isolation valves of the SGBD system.

The Technical Specification requires that all Containment Isolation valves
specified in the associated table (Technical Specification Table 3.6-1) be
maintained opcrable. With one or more valves inopcrable, the following
requirements apply to cach affected open containment penctration: maintain at
'. lcast one isolation valve operable and perform specific actions to (1) restore the

inoperable valve to operable status within 4 hrs., or (2) isolate the affected

~

Rev. 0 4/7/92 5.2.1 Front-Line Systems 5-62

The Blowdown Flash Tank inlet flow control valves require non-class 125V DC |

s 3T




Steam Generator Blowdown System

cE & om o~ [—

5.2.1.11.8

5.2.1.11.9

penctration within 4 hrs., or (3) reduce the unit to Hot Standby (Mode 3) conditions
within the next 6 hrs,, and to Cold Shutdown (Modc S) within the following 30 hrs.

System Opcration
Normal operation of the SGBD system is controlled by Operating Procedure
410P-1SGO03.

During normal operation, a continuous. blowdown rate of+0.2% of the maximum-

stcaming rate (17,200 1bm/SG-hr.) flows through the Blowdown Demincralizer
beds to the Condenser Hotwell,

Abnormal blowdown is manually cstablished when abnormal SG chemistry is
present. High-rate blowdown is manually established on a weckly basis for a short
period of time (approximately 2 mins.) to remove accumulated solids from the SG
tube sheets. (High-rate blowdown is provided at 8.5% of thé maximum stcaming
ratc ) . L

An cvent involving SGTR is controlled by Procedure 41RO-1ZZ06. In order to
reduce SG level during an SGTR cvent, blowdown is operated manually to control
SG level between 60 and 90% by wide range. Blowdown is required in the cvent of
a ruptured SG only after the SG has been isolated. Blowdown (to reduce Ievel in
the SG) may be established through any of the flow lines to thc Blowdown Flash
Tank.

During wet-layup mode, the blowdown system maintains SG chemistry by
providing the capability to adequately mix, sample, and add chemicals to the SGs.

Major Modcling Assumptions .
The following is a list of assumptions madec during the development of the SGBD
fault-trce model:

a) Ifa SG’I'Ii occurs, it is assumed to occur in SG-1; therefore, blowdown is
only required for SG-1.

* b)* Priorto"thefeactor trip event, blowdown on' SG-115 ‘operating. normally"’

(flowpath is via SGE-HV43, and is later isolated by SGA-UV500P and
SGB-UVS500Q on receipt of a SIAS).

¢) Blowdown fails on a Loss Of Off-Site Power (LOOP).

d) The PRA Model assumes that an SGTR cvent results in a SIAS condition;
thercfore, the SGBD Containment Isolation valves close on an SGTR
event,

¢) For simplicity, only two of three ﬂowpaths cntcnng thé Blowdown Flash

" Tank arc modeled (the normal and high-rate lines). It is assumed that the

normal valve (SCN-HV1A) is open at the start of the transient, and the
high-rate valve (SCN-HV1C) is closed.

f) Onec of the three flowpaths exiting the Blowdown Flash Tank fails open;
therefore, these lines are not modeled due to the high reliability associated
with having three parallel lines. In addition, the large volume of the
Blowdown’ Flash Tank provides sufficient collection volume for an
extended period of time, and if blowdown processing cquipment is
unavailable, blowdown flow can be directed to the condenser.
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‘ 5.2.1.11.10 System Analysis Results
The major system malfunction resulting in failure of the SGBD system (from SG-
1) is failure of the Containment Isolation valves to re-open. This failure includes
mechanical valve failures and IA system failure. IA system failure also affects the
flash tank inlet valves. In addition, blowdown fails on LOOPF, which results in
failure of both IA and non-class AC and DC power.

T
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Pressurizer Vent Valves

‘ : 52.1.12

5.2.1.12.1

5.2.1.12.2

5.2.1.12.3

5.2.1.12.4

5.2.1.12.5

5.2.1.12.6

Pressurizer Vent Valves

System Function

The pressurizer vent (PV) valves provide a redundant vent path from the top of the
pressurizer to cither the Reactor Drain Tank (RDT) or the Containment
atmosphere. The vent allows an operator to remove steam from the pressurizer
steam space during accident conditions in order to control Reactor Coolant System
(RCS) pressure. In the PRA, PVs are credited as a means to achieve RCS
depressurization following an SGTR if auxiliary pressurizer spray (APSS) is
unavailable,

System Success Criteria
The success criteria for the PV system for SGTR events is given below:

» Pressurizer vents open to allow flow from the top of the pressurizer to
cither the RDT or the Containment atmosphere. The system must operate
for 8 hrs. following initiation.

System Description

The pressurizer and reactor vessel head vents remove water or stcam from the
RCS. The venting process can occur through a redundant series of solenoid valves
to the RDT or Containment, Flow is limited by using 1-in. solenoid valves for
isolation. Onc of the lines is limited by a 7/32-in. flow orifice. A simplified
drawing of the PV system is shown in Figure 5.2-13.

Major Components

The system consists of five 1-in. SOVs. The minimum number of valves required
for venting is two for both RDT and Containment atmospheric venting, while an
orifice bypass line consisting of two valves can be opened for increased flow. A
normally-opened manual isolation valve separates the pressurizer from the vent
lines.

«

Instrumentation for pressurizer vents include Control Room indication of solenoid
valve position.

Testing and Maintenance

The vent valves are tested every 18 months by ASME, Standard, Section X1,
testing. Maintenance of the system is not considered since all components are in
containment. : "

System Dependencies and Interfaces

Electrical Power

All of the solenoid valves require Class 1E 125V Class DC power from either
PKA-D21 or PKB-D22, Failure of either DC power train will not fail the vent
system duc to the redundant line-being connected to the opposite electrical train.
Since all of the solenoid valves are identical, common-cause failure of the valves is

. considered.
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5.2.1.12.7

5.2.1.12.8

5.2.1.12.9

Operator Action

Operator action is required to open the pressurizer vent valves to depressurize the
RCS in the event of a SGTR. Operator failure to depressurize the RCS in the event
of a SGTR is described in Section 7.4.

Technical Specifications -

PVNGS Technical Specification 3/4.4.10 requires both vent paths from each
source (pressurizer and reactor vesscl head) to be operable and closed during
Modes 1 through 4.

System Operation

The PVs are used during erhergency conditions to remove stcam from the
pressurizer. Operation would normally only occur upon a loss of both normal and
auxiliary pressurizer sprays. The operator would first attempt to establish flow to
the RDT and only vent to the Containment atmosphere if the line to the RDT fails.
Pressure control would occur by opening and closing the vent valves, as required,
to reduce RCS pressure. Due to the size of the vent lines, pressure reduction is
extremely limited and slow. Analysis performed by Combustion Engineering (CE)
shows that pressurizer vent valves are effective as a means of depressurization
following an SGTR.

Major Modeling Assumptions

a) A mission time of 8 hrs. for RCS pressurc reduction is assumed for all
components

b) Either of the redundant vent paths is adequate for system success
¢) Plugging of the 7/32-in. orifice is considered

d) Common-cause failures are included in the PV fault-tree for failure of both
trains of vent valves.

5.2.1.12.10 System Analysis Results |

The PV failures arc dommatcd by the common cause faxlure of both rcdundam vent
lines to open. Additionally, failure of the RCS isolation valve to remain open
affects the reliability of the vents. No other system failures are dominant.
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5.2.1.13

3.2.1.13.1

5.2.1.13.2

5.2.1.13.3

Turbine Bypass Valves

System Function

The Turbine Bypass Valves (TBVs) function as part of the Stcam Bypass Control
System (SBCS) to rcject steam in the main steam header to the Main Condenser
and/or to atmosphere. The purpose of the SBCS is to maximize plant availability
following a turbine load-rejection event. Use of the TBVs during a load-rejection
event, in conjunction with the Reactor Power Cutback (RPCB) system, allows the
operator to avoid unnccessary reactor trips and lifting of primary/secondary safety
valves. The SBCS is designed to complement the Pressurizer Pressure Control
system (PPCS) and the Pressurizer Level Control system (PLCS) to extend load-
follow capability.

The TBVs are provided with Quick Open capability via the SBCS to avoid
challenging the Main Steam Safety Valves (MSSVs), and RCS heatup in the event
of a large load-rejection, or turbine trip event.

Steam rejection, via TBVs, occurs during turbine load-rejection and turbine trip
events, to sufficiently control main steam header parameters to avoid a reactor trip
(assuming proper operation of RPCB). In the event of a turbine trip, TBV
operation alleviates the need for MSSV operation, thus minimizing the possibility
of incurring a radioactive relcase as a result of a stuck-open safety valve.

In the event of a single Main Feedwater (FW) pump trip, the SBCS operates the
TBVs to control main stcam header pressure (assuming proper operation of
RPCB).

System Success Criteria
The success criteria for the TBV system, for associated Initiating Events (IEs), arc
given below:

+  SmallLOCA Atlecast onc of cight TB Vs (with successful HPSI) must
open, as needed, to vent secondary steam. If a rapid
depressurization is'necessary (upon HPSI failure), two
TBV:s are required. ‘

+ SGTR At least one of ecight TBVs must operate to relicve
sccondary steam pressure. Use of one of the six valves
to the Main Condenser is preferred to avoid
environmental release.,

» Group Transicnt One of eight TBVs must open to relieve secondary
stcam pressure. * ‘

o Lossof MFW  In conjunction with proper Alternate Feedwater
(AItFW) system operation, onc of eight TBVs must
open to relieve secondary stcam pressure.

e T ¥

System Description

The TBV system provides a maximum stcam dump capacity of 55% of rated main
steam flow. This amount of steam bypass capacity, in conjunction with RPCB
system operation, dissipates enough encrgy from the Nuclear Stcam Supply
System (NSSS) to permit load-rejection of any magnitude, without tripping the
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reactor, lifting the MSSVs, or lifting the Pressurizer Safety Valves (PSVs). Each of
the eight TBVs operates automatically upon receipt of a control signal from the
SBCS, a subsystem of the Reactor Control System. The TBVs may also be
operated in remote-manual mode from the Control Room.

Six of the TBVs open in banks of one or two valves, releasing steam directly to the
Main Condenser as shown in Figure 5.2-14. These TBVs are automatically locked-
out by the SBCS if condenser vacuum is inadequate (>5.0 in HgA per A]arm
Response Procedure, 41AL-1RK6A).

Two of the TBVs discharge directly to the atmosphere. The TBVs are scquentially
controlled, such that these two valves open last and close first; minimizing the loss
of secondary system inventory to the atmosphere.

The SBCS modulates the TBVs using a complicated control system, which takes
inputs from main steam pressure, steam flow, pressurizer pressure, RCS
temperature, reactor power, turbine load index, main feedwater pump status, and
automatic rod control. Initially following a load-rejection cvent, the TBVs open
using a quick-open response, which allows the TBVs to react quickly to plant
changes. Once the TBVs open sufficiently to respond to a load-rejection, the valves
control sccondary steam pressure via modulation control. Modulation control
varics the TBV steam rejection-rate slowly to maintain a smooth transicnt
responsc.

Because the ASME Code MSSVs provide the ultimate overpressure protection for
the SGs, the SBCS is defined as a “Control System.” The special requirements
applicable to protection systems are, therefore, not applicable to the SBCS. Failure
of the SBCS will have no detrimental cffect on RCS operation, other than resulting
in a reactor trip subsequent to a large load-rejection or turbine trip event,

Major Components

For automatic opcration, the cight TBVs are grouped into five sequentially-
operated control banks: PV-1001 (Bank 1) is the first TBV to opcn, followed by’
PV-1004 (Bank 2); TBVs PV-1003 and PV-1006 (Bank 3) operate next, followed
by PV-1002 and PV-1005 (Bank 4); and the atmospheric dump TBVs, PV-1007
and PV-1008 (Bank 5) open last. Valve closure sequence is the reverse of the
opening scquence. In manual mode, the Control Room operator may choose to
operate any combination of TBVs using either the Mastcr/Auto controller or
individual valve controllers.

The TBV:s are air-operated, fail-closed, stacked-disc type drag valves capable of
quick opening within 1 sec. and quick closing within 5 secs., or modulating open/
closed in 15 to 20 secs. Each TBV is provided with a handwheel for local-manual
operation, and may be mechanically isolated from the Main Steam (SG) system by
manually closing the associated TBV’s upstream isolation valve.

The SBCS incorporates a series of logic modules and interlocks that control TBY
operation during a transient. The main logic channels combine to send modulation
signals to each bank of TBVs, given proper SG system parameters. The permissive
channels verify appropriate RCS and secondary conditions, and send permissive
signals for modulation and/or quick open to each TBV. The logic modules arc
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configured such that no single component failure nor single operator error will
result in spurious opening of more than one TBV.

Testing and Maintenance

At-power testing of the TBVs is performed once per refueling cycle per procedure
36MT-9SF09, “SBCS Valve Dynamic Response Time Test.” This test is performed
to verify SBCS valves operate in modulation modc within specific time
requirements.

During shutdown (Modes S and 6), “SBCS Functional Test,” (36MT-9SF03), is
performed every 4 months during extended periods of time in Modes 5 and 6.
SBCS calibration is also performed during Modes 5 and 6 per procedure 36MT-
9SB04.

System Dependencies and Interfaces

Actuation
The TBVs receive the following automatic control signals from the SBCS:

a) Permissive Controller Output (PCO)
b) Modulation Control Demand (MCD)
¢) Quick Open Demand (QO)

Operator Action

Automatic actuation signals may be manually overridden; operator may place the
system in “Emergency Off.” In addition, the TBVs can be manually opened by the
Control Room operator via Auto/Manual control stations provided for cach valve.

During plant cooldown, a manual reduction in steam pressure can be performed by
gradually reducing the SBCS setpoint. This can also be accomphshcd by operatmg
the SBCS Master Controller.

In addition to the automatic functions, the TBVs may be operated in remote-
manual mode from the Main Control Board, or in local-manual mode using the
handwheel provided for each TBV.

Instrument Air

The TBVs are pneumatically-operated valves requiring Instrument Air (IA) to
operate. Nitrogen backup to the IA system will maintain sufficient pneumatic
supply pressure for several hours, although this is not credited in the analysis.

Circulating Water

Because six of the eight TBVs dlscharge to the Main Condenser, the Circulating
Water (CW) system must be operational to maintain condenser vacuum. Although
the atmospheric TBVs (Bank 5) are available for steam relief after a loss of
condenser vacuum event, the PRA Model conservatively assumes that all TBVs
fail to operate.
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5.2.1.13.9

Electric Power

Electrical power to the TBV system is provided by non-class 125V DC power and
non-class 120V AC Instrument power. Non-class 125V DC power is supplied (via
bus NKN-D42) to the TBV permissive and QO SOVs. Non-class 125V AC power
is supplied to the SBCS Master Controller and the individual TBV Manual/Auto
controllers via NNN-D11, which is normally aligned (per Procedure 410P-1NNO1)

_ to its emergency power source, PHA-M31. Rack power to the SBCS NSSS

Control System cabinet (SFN-CO03) is supplied via NNN-D12.

The TBVs are not credited following a Loss Of Off-site Power (LOOP) because
condenser vacuum is lost, and because 1ong-term pneumatic pressure is
unavailable.

Technical Specifications
PVNGS Technical Specifications do not directly affect the TBV fault-tree model.

System Operation

The TBVs arc operated per Procedure 410P-1SF05, “Operation of the Steam
Bypass Control System,” and are normally-closed during plant operation. At low
power levels, or following a Reactor trip, the TBVs modulate to regulate
sccondary system pressure within an acceptable range. The TBVs are capable of
modulating to handle a step load decrease of 10%, or a continuous load decrease of
5% per minute, without resulting in a reactor trip.

Major Modeling Assumptions
The following is a list of assumptions made during development of the TBV fault-
tree model:

a) The TBVs do not operate during a loss of condenser vacuum, loss of IA
(long-term availability of the pncumatic supply is not assured), LOOP, or

loss of thic PW or TC'systeins. In the eveit that condenser vacuuni is lost, -

the two atmospheric TBVs would still be available, but no credit is taken
for this.

b) The probability of TBV failurc (2.0E-2) was taken from CEN-239,
Supplement 3, “Probabilistic Risk Assessment of the Effect of PORVs on
Depressurization and Decay Heat Removal for PVNGS Units 1, 2, and 3,”
p. 6-57, September 1983. In this study, the TBVs were fully modeled
including control system and human errors. The TBV fault-tree,
developed for the PVNGS PRA, is a simplified version of the more
detailed model. The PRA Model includes all support systems required by
the TBVs, but only one event is used to represent the TBV mechanical and
control system faults.

¢) Spurious closure of all MSIVs isolates the SG system from the Main

Condenser, causing TBV failure. The Control Room operator can

manually.override the MSIS and open an MSIV bypass valve. This would

" allow stcaming from the TBVs; however, this action is not credited in the
PRA.
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5.2.1.13,10 System Analysis Results
The TBYV failures are dominated by three sets of failures: closure of all MSIVs,
failure of the TBVs to open (CEN-239), and electrical failures.

Electrical malfunctions are dominated by failure of long-term non-class 125V DC
power, and failure of Class 1E 480V AC (supplies power to the non-class 120V
AC power system).
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Atmospheric Dump System

. 5.2.1.14 Atmospheric Dump System

5.2.1.14.1 System Function

The Atmospheric Dump Valves (ADVs) provide a means of removing NSSS decay
heat in the event that the Turbine Generator and Main Condenser are unavailable,
and in the event of loss of AC Power. This alleviates the need to use the Main
Stecam Safety Valves (MSSVs). The Atmospheric Dump (AD) system facilitates
bringing the plant from Hot-Standby (Mode 3) to Shutdown Cooling entry
temperature. The ADVs arc used as a means of performing secondary de-
pressurization so that Alternate Feedwater (AItFW) can be aligned if Auxiliary
Feedwater (AF) fails. In addition, the ADVs can be used following a Small LOCA
(with HPSI) as a means of depressurizing the RCS such that the LPSI pumps can
provide RCS inventory control.

5.2.1.14.2 System Success Criteria
The success criteria for the AD System for associated Initiating Events (IEs), are
given below:

S Small LOCA Onc out of two ADVs opened as needed to vent stcam
from a SG receiving AF flow (with successful HPSI).

+ SGTR One out of two ADVs on the intact SG opens to vent
secondary steam.
+ SLB One out of two ADVs on the intact SG opens on
. : demand.
« FLB Onc out of two ADVs on the intact SG opens on
demand.

+  Group Transients One out of two ADVs on a SG being fed must open to
relicve secondary steam pressure.

« LOOP One out of two ADVs on the SG to which AF flow is
being supplied must open to relieve sccondary system
. © pressure. : B
o+ Lossof MFW  One out of two ADVs on the SG being used for heat
removal must open to relieve secondary system
pressure,

+ SBO One out of two ADVs on the SG to which AF is being
supplied operates under operator control.

52.1.143 System Description S

The AD system consists of four manually-operated Atmospheric Dump Valves

(ADVs) and associated support equipment, located in the Main Steam Support

Structure (MSSS) (shown in Figure 5.2-15). Each of the two SGs has two

redundant ADVs, one per main steam line. The ADV dissipates NSSS decay heat

by venting steam directly to the atmosphere. Each ADV is sized to pass required

steam flow to hold the unit at Hot-Standby or to permit-a maximum reactor

- cooldown rate of 75° F per hour. Each valve’s capacity is approximately 6.5% of

| . the maximum steaming ratc. The ADVs are pneumatically operated, each
possessing two separate permissive control circuits. This design ensures that no
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single failure in an ADV control circuit will result in an ADV spurious open or
prevent the operation of more than one ADV on each SG.

The ADVs are normally operated from the Control Room, but may also be
operated from the Remote Shutdown Panel. Remote valve control is accomplished
using a thumbwheel position controller having a continuous range of 0-100%.
Valve position indication is provided at each remote control station. Each ADV is
also equipped with a local handwheel for local-manual operation.

Each ADV incorporates four solenoid-operated valves (two permissive solenoids
and two closing solenoids). In Close mode, all four solenoid valves arc de-
energized, allowing full air pressure to be applied to the top of the actuator piston,
while the bottom of the actuator piston vents to the atmosphere. An internal spring
is provided above the actuator piston to assist in valve closure.

When an ADV is placed in the Open mode, all four solenoid valves are energized.
The two permissive solenoid valves (solenoids R and S) align controlled air to the
bottom of the actuator piston, whilc one of the Closing solenoids (solenoid A)
aligns controlled air to the top of the actuator piston. During valve modulation, an
I/P Control Unit (one per ADV) admits controlled air to the valve positioner, which
simultancously controls air pressures to the top and bottom of the actuator piston.
This correctly modulates the ADV in response to the position indicated on the
ADY position controller.

Air supply to the ADVs is provided via the Turbine Building IA header. Nitrogen
accumulators (onc per ADV) designed to Seismic Catcgory I Standards, supply
motive power if IA is unavailable. A solenoid valve energizes on low air header
pressure to automatically place an accumulator on line. Long-term ADV opcration
(24 hrs.) requires IA system availability/recovery. The ADVs fail closed on loss of
pncumatic supply.

AD system failure does not affect any other safety-related systems.

Major Components** ' =~ ,° *’ S

Two redundant ADVs, one per main stcam line (SGA-HV 184 and SGB-HV178 on
SG-1 and SGA-HV179 and SGB-HV 185 on SG-2), and associated support
equipment are provided for each SG. No automatic initiating circuits arc provided
for ADV operation. Each ADV is provided with remote-manual control capability,
and a handwheel allowing local-manual operation, Each valve is designed to fail-
closed, and is sized to maintain the plant in Hot-Standby conditions while
dissipating NSSS decay heat, or to allow a sufficient flow of stcam to maintain a
controlled reactor cooldown (maximum cooldown rate of 75° F per hr.).

Each ADV nitrogen accumulator (one per ADV) is provided a direct, normally-
closed, connection to the Service Gas (GA) system (high-pressure nitrogen) for
ADV pneumatic backup in the cvent of Instrument Air (IA) system failure. The
backup accumulators are rated to 700 psig, and are normally pressurized to 600
psig. Upon loss of the A system, the accumulators are sized to provide 4 hrs. of
stcaming at Hot-Standby, plus 6.5 hrs. 