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EXECUTIVE SUMMARY

This report describes a reliability study of a proposed
modification to the 4160V Electrical System at San Onofre
Nuclear Generating Station Units 2 and 3. The purpose of
this reliability study is to quantify, in terms of
reduction in risk of core damage, the effect of the
proposed diesel cross-connect modification.

The proposed modification (PCN-215) involves installation

of a cross-connect system for Units 2 and 3 emergency diesel
generators, allowing a single diesel generator from one

unit to respond, as a standby AC power source, for either

unit in the event a diesel ge.erator from one unit is
unavailable. Aippropriate chinges to the current Technical
Specification 3/4.8.1 (governing required A.C. sources for
operability of the units) would permit the use of a diesel
generaror cross-connect to an adjacent unit as an acceptable
standby power source in accordance with design operability
criteria. Thus, by using the cross-connect the total

number of diesels available to power emergency AC power to

Unit 2 or Unit 3 is increased from 2 to 4. Currently, with the
existing 2 diesel configuration per unit, if a failure occurs or
maintenance is required on one of the diesel generators,

the unit with affected diesel must either complete repairs

or maintenarnce within 72 hours or begin shutdown

procedures. It is this 72 hour allowed outage time

requirement which is avoided with the cross-connect in

place and only one diesel in either unit not available.

Implementation of such an automatic cross-connect device
would not only increase plant availability, but enable
greater flexibility in conducting maintenance on diesel
generators. In addition to evaluating the reliability



impacts of the cross-connect feature, the study analyzed
an increase in cumulative outage time for each diesel
generator. A sixty day per year maintenance
unavailability was used instead of the current value that
reflects the actual operating experience. This
maintenance unavailability value is a factor of 3.5 over
the previcus a:tual operating experience value.

The reliability assessment considers the case of a loss
of offsite power and subsequent station blackout
condition. The loss of offsite power station blackout
event constitutes the most demanding condition for the AC
power system. The propcsed modification would also
improve plant response to a number of other plant
initiators. However, the effects upon other initiators
~re much less significant relative to diesel generator
availability and therefore the individual improvements for
other initiators are not explicitly analyzed in

this study.

The reliability assessment provides a detailed description
of both a base case (design basis) and a proposed 4160
Volt Electrical System design configuration and operation.
Models supporting the system for the offsite power
initiator were constructed. These included an event tree
and fault trees for the AC and DC Power Systems and the
AFW System.

The results of the assessment are summarized below and
illustrated in Figure 1:

Core Melt Freguency
Due to Loss of Offsite Power
Case Station Blackout
Design Basis Configuration 1.5E~-05
Proposed Configuration 5.4E~0F€



These results indicate that the installation of the diesel
generator automatic cross-connect modification can

decrease the overall core melt frequency by 64% when compared to
the design basis configuration. The availability of the
adjacent unit's diesel generator as a standby 4160 Volt

AC source significantly increases system reliability.

This increase in reliability is a result of effectively
increasing the plant's diesel configuration from two

diesels to four diesels. Analysis of extended maint~nance
outages up to 12 weeks with the proposed modific~cion
installed produced a reliability enhancercuc of 52% over

the design basis configuration. 1In other words, with each
diesel unavailable 12 weeks (or about a quarter of a year),
the system could operate with only three diesels all year and
still be more reliable than the base case configuration. This
allows for one diesel to be placed in maintenance; thereby
leaving a 3-out-of-4 diesel configuration which is

inherently more reliable than a l-out-of-2 configuration.
That is, in the l-out-of-2 case the plant loses 50% of its
capacity while in the 3~-out-of-4 case the plant only loses
25% of its diesel capacity. Further, while an increase in
maintenance unavailability results in an increase in
associated risk, the large risk reduztion resulting from

the cross-connection capability more than offsets the
increase.

Thus, with the proposed modification, plant safety and
reliability are improved. Explicitly, core melt freq ency
reduction and increase ann"2i maintenance outage time for
diesel generators are products of the modification.
Proposed Technical Specification amendmnents to extend
allowed outages for maintenance and the allowed increment
outage time present the potential for extended maintenance
activities without requiring plant shutdown, thereby
increasing overall plant availability. Concurrent
implicit benefits are additional opportunities for diesel



maintenance and reduction in maintenance errors attributed
to time constrained maintenance activities, both
presenting potential for even greater on-demand diesel
generator avai‘ability.



FREQUENCY

FIGURE 1
OF CORE MELT
0SS

COMPARISON
0R

|
M |
o

L

=

.f _ﬁ

I

EJ

bbbbbbbb
T

tttttt

......

. - - .y - -

- ~ L



1.0 INTRODUCTION

Southern California Edison Coumpany has proposed a design
change for San Onofre Nuclear Generating Station (SONGS)
Units 2 and 3 to permit the use of an emergency diesel
generator from one unit as an available AC power source for
both units. Currently, the Technical Specifications for
each unit require a unit to begin shutdown procedures within
72 hours after one of the two diesel generators is declared
inoperable. The proposed design change will allow continued
plant operation whenever a single diesel in either unit is
declared inoperable for longer than 72 hours.

1.1 Purpose of the Report

The purpose of this report is to provide an analysis of the
safety benefits between the base case (design basis) Electrical
Power System configuration and the proposed configuration after
the automatic diesel cross-connect feature is installed.

1.2 Study Overview

The proposed design change will add a unit-to-unit load
transfer enable switch and modify the bus tie breaker
controls. With the exception of these modifications the
diesel generatour and 4160 Volt Power Systems are the same as
the existing configuration.

To assess the relative safety benefits gained from the
proposed modifications plant response to a given initiating
event, with the existing configuration and with the proposed
changes installed, are compared using a common term. The
results of a risk assessment are given in core melt
frequency.



Although a spectrum of initiating events exist, the
initiating event evaluated in this analysis is a loss of
offsite power (LOOP) initiated by a loss of power in the
plant's 220kV switchyard. A lc-s of offsite power event
constitutes tre most demanding condition for the Emergency AC
Power System and the diesel generators. Such a loss of
power results in the simultaneous de-energization of all
plant buses (both Class 1E and Non-class 1lE), actuation of
automatic logic signals and sequences, and operator actions
to safely shutdown the unit and avert core damage.In
addition, if both Unit 2 diesel generators fail to
subsequently provide emergency AC power on demand, then a
station blackout exists. For the proposed configuration
with the diesel generator cross-connect modification, all
Unit 2 and Unit 3 diesel generators (4 tctal) failing to
provide emergency AC power on demand constitutes a station
blackout (SBO).

By calculating the difference between the core melt
frequencies with and without the change, the relative safety
benefits associated with the proposed design change can be
evaluated.

1.3 Analysis Methodology Overview

The analytical models utilized in this study consist of
fault trees and event trees. Fault trees are detailed logic
models that depict component failures and interactions that
can prevent a system from performing its function. For this
study, fault trees were developed to model those systems
impacting a loss of offsite power and station blackout
event.

Event trees represent the progression of events (in terms of
success or failure of a given system or function) that might
occur following specific initiating events. The event tree
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depicts the outcome of each possible combination of system
and functional failures. For this analysis, loss of offsite
power and station blackout event trees were developed.

1.4 Organization of this Report

The remainder of this report is organized into six sections.
Section 2.0 describes the 4160 Volt Electrical Power System
as it pertains to the current configuration and proposed
configuration with regard to design bases, Technical
Specification and operation. Section 3.0 presents the
analysis methodology used for this study. Section 4.0
provides the results of the analysis. Section 5.0 presents
the uncertainty ranges associated with this study. Section
6.0 presents the conclusions from the analysis. Section 7.0
provides references for this study.



2,0 4160 VOLT ELECTRICAL POWER SYSTEM

A discussion of the initial and proposed 4160V Power Systenm
configuration is presented in this section. A discussion of
each configuration is presented to reflect main functions,
design bases, operation, and Technical Specifications. The
discussions are centered around the effecte of the proposed
modification, specifically the Technical Specifications and
operation. A more detailed system description of the AC
Power System is provided in Section 3.3.1 of this report.

2.1 Current System Configuration
2.1.1 Main Function(s) and Design Bases

The function of the Class 1E 4160V Electrical Distribution
System is to distribute electrical power to the engineered
safety features (ESF) 4160V locads and safety-related 480V
ioads under normal and accident conditions by using the most
preferred source of power available.

The Class 1E 4160V Electrical Distribution System has the
following design bases:

o During plant operation, the Class 1lE 4160V (and the
480V) Electrical Distribution System is capable of
providing sufficient power to the safety-related
equipment required for: 1) the safe shutdown of the
plant and 2) the mit.gation and control of accident
conditions within the plant.

o) During refueling or plant shutdown, the Class 1lE 4160V
and 480V Electrical Distribution Systems along with
the other Class 1E AC and DC Systems are capable of
providing sufficient power to safety-related equipment
to: 1) maintain the plant in a shutdown or refueling

2=1



condition fuor extended periods of time and 2) provide
sufficient instrumentation and control capability for
monitoring and maintaining the plant status.

o No portions of the onsite Class 1E Electrical
Distribution Systoams are shared between units during
normal operation. The Class 1E 4160V buses are shared
between units only when operating in the backup mode,
using offsite power sources.

(o) The Class 1E Distribution Systems are designed to
satisfy the single-failure criterion.

e} Cable runs are not shared by Class 1lE and Non=-class 1E
cables.

o tpecizl identification criteria apply for Class 1E
equipment, cabling, cable runs and associated
circuits.

o Separation criteria apply, which establish requirements
for preserving the independency of redundant Class
1E Electrical Systems.

o The Class 1lE electrical equipment is designed with the
capability of being tested periocdically.

o The reserve auxiliary transformer (XR1l, or XR2) is
capable of supplying all of its normally operating
Non-class iE lcad plus simultaneocusly supplying the
engineered safety feature (ESF) loads on both units,
when the two Class 1E 4160V buses are cross-tied.




2.1.2 System Configuration

As depicted in Figure 2-1, the 4160V Class 1E System for
each unit is divided into two redundant, physically
separated trains, each capable of supplying sufficient
electricity fcr all functions to operate E3F loads necessary
to safely shutdown the unit, and mitigate and control
accident conditions within a unit. 1In addition to 100%
capacity redundant trains to preclude the loss of any one
trair from inhibiting minimum safety functions from
operating and safely shutting down the unit, each 4160V
safety bus has 2ccess to four sources of power: Source 1 -
preferred offsite power feeds from auxiliary transformers;
Source 2 - offsite power from other unit's feeder circuit
breaker via unit-to-unit tie breakers; Source 3 - the load
group's associated diesel generator; and Source 4 - a

third access to offsite power which can be supplied

be available in approximatel: 12 hours via manual
connections (this method is no" proceduralized and is not
considered in this study).

Electrical power from the grid to the plant is supplied by
two physically independent transmission systems, designed
and located tor .imize the possibility of simultaneous
failures. During normal startup, shutdown or emergency
conditions, Class 1lE power is available via two reserve
auxiliary transformers. Each reserve auxiliary transformer
is capable of supplying 100% of the startup, shutdown or
normal operating loads of one unit simultaneously with the
engineered safety feature (ESF) locads associated with each
unit.

In the absence of the preferred power from the assigned unit
auxiliary transformer, backup power from Source 2 is
available from the auxiliary transformer-energized 4160V bus
of the adjacent unit via unit-to-unit tie breakers. This
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source of power is available only if preferred AC power to
the adjacent unit is available.

In the event the preferred offsite power feeders become de-
energized (Source 1 and Source 2 not available), each 4160V
bus is connected to a dedicated 4160V diesel generator as an
emergency backup power source. Ten seconds after signal
actuation, the diesel generator attains sufficient rated
power to accept initial loads and maintain suifficient
voltage and frequency throughout the locading segquerince.

Voltage relays initiate logic signals to effect the
opening/closing of <ircuit breakers to protect equipment,
regulate load shedding, and enable an orderly transfer to
alternate power sources for shutdown purposes. For each
load group, one 4160V feeder circuit breaker is provided for
normal incoming preferred power source and another 4160V
feeder circuit breaker is connected to the backup preferred
power source (Source 2) from the reserve auxiliary
transformer to the Class 1E bus of the companion unit.
between companion units two 4160V circuit breakers regulate
the transfer of loads between units given appropriate logic
signals.

Throughout discussions hereafter ir this chapter, examples
are cited using Unit 2 train A. Although references to
components and operations of Unit 2 train A are usec,
similar operations occur on redundant load groups in each
unit.

2.1.3 System Operation

Figure 2-2 illustates the bus and breaker arrangement for
Units 2 and 3 load group A power sources.



Under nornal operating conditions, bus 2A04 is connected tc
the preferred power source via feeder circuit breaker 2A2418
(which is normally in closed position). Bus tie breaker
2A0417, linking bus 2A04 to bus 3A04 via bus tie breaker
3JA041€, and diesel generator feeder breaker 2A4013, linking
standby Jdiesel generator 2G002 to bus 2A04, are normally
open. Upon a loss of offsite power from the preferred
source (auxiliary transformer), de-energization of bus 2A04
actuates a two out of four under voltage relay logic. After
approxirately one second a loss of voltage signal (LOVS)
performs the following: starts diesel generator 2G002, trips
feeder breiker 2A0418 open to aisconnect the bus from the
failed power scurce and trips diesel generator feeder
breaker 2A0413 open to ensure the diesel generator is not
tied to bus 2A04. After residual voltage of bus 2A04
reduces o0 less than 30%, the LOVS will signal Unit 3 bus
tie breaker 3A0416 to close provided bus 3A04 under voltage
relays are reset and feeder breaker 3A0418 is closed (i.e.,
preferred pcwes is available at Unit 3). Once tie breaker
JA0416 is cleosed, Unit 2 tie breaker 2A0417 will close
completing source )ower transition to Source 2.

If feeder breaker 2A0418 is open o1 bus 3A04 has no voltage
(Source 2 not available), bus tie breaker 3A0416 will not
close. Additionally, if Unit 3 diesel generator feeder
breaker 3A0413 is closed (diesel generator 3G002 or line to
bus 3A04), bus tie breaker 3A0416 wilil not close except when
the Unit 3 diesel generator is parallel with the offsite
source during a periodic locad test. A LOVS at Unit 2 during
the periodic load test, closes tie bresker 3A0416 which wilil
open Unit 3 diescl generator feeder breaker 3A0413. If a
safety injection actuation sigial (SIAS) is present in both
units, Unit 2 tie breaker 2A0417 will not close.

Wit.. the unsuccessful transfer at 4 seconds after initiation
of the LOVS, all sequenced loads connected to bus 2A04 will
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be shed except the high pressure safety injection pumps, if
connected, and the load centers. Approximately 10 se~onds
after the LOVS, Unit 2 diesel generator breaker 2A0413 will
close initiating source power transfer to Source 3 provided
diesel generator 2G002 has reached rated power and
frejuency.

2.1.4 Technical Specifications

Technical Specifications outline operability criteria that
ensure sufficient power sources and their distribution
systems are available during oparation. This is to provide
sufficient power to safety related equipment which is
required for the mitigation and control of accident
conditions and the safe shutdown of the facility.

Technical Specification 3/4.8.1.1 for the AC Power System in
the base case configuration requires, as a minimum,
operability of two physically independent circuits between
the offsite transmission network and onsite Class 1E
Distribution System and two separate and independent diesel
generators (each with a minimum 325 of gallons in the day
fuel tank, an additional 47,000 gallons of fuel in the main
storage tank and a separate fuel transfer pump). A

diesel generator declared inoperable will result in the unit
entering a Limiting Condition for Operation (LCO). The LCO
specifies that inoperability of one of the two diesel
generators in « unit requires periodic surveillance andu
verification activities, and restoration of at least two
diesel genarators and two offsite circuits to an operable
status within 72 hours, or the plant must be in at least hot
standby within the next 6 hours and in cold shutdown within
the following 30 hours.



2.2 Proposed System Configuration

2.2.1 Main Function and Design Bases

The main function of the 4160V Electrical Power Distribution
System with the proposed automatic cross-connect design
change is the same as that presented in Section 2.1.1.

Design bases for the 4160V Electrical Power System with the
proposed automatic diesel cross-connect installed, are also
the same as presented previously in Section 2.1.1 with the

following exception:

o The Diesel Generator Systems are shared betwean Unitu Z
and 3 when the automatic diesel cross-connect
circuitry is enabled.

2.2.2 Systen Configuration

The proposed design change will allow for one of the
separate and independent diesel generators from one un't to
be used in standby for the other unit with its associated
diesel out of service. This will entail installation of a
unit~-to-unit cross-tie enabling switch and modification of
the bus tie breaker and diesel controls. With the enabling
switch in the "OFF" pcsition each diesel generator would be
aligned with its associated bus as described in the current
configuration discussed previously in Section 2.1.2. In the
event a diesel generator is unavailable or scheduled for
maintenance, placing the enabling switch to "AUTO" would
automatically link the associated bus of the unavailable
diesel generator with an operable diesel generator in the
adjacent unit (e.g. with diesel generator 2G002 unavailable,
bus 2A04 would be cross-tied by the logic sigrais in the
event of a LOVS sequence to diesel generator 3G002). The
"auto-linked" diesel generator would then respona as an
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emergency power source for either unit in the event of a
loss of voltage signal due to a loss of offsite power
(LOCQP) .

2.2.3 System Operation

Under the proposed modification, a scenario, in which Unit 2
train A diesel generator 2G002 is unavailable and the cor-
responding transfer enabling switch is in the "AUTO"
position, an under vecltage condition on bis 2A04 would be
detected by a two out of four under voltage relay logic.
After approximately one second, the relays initiate a LOVS
and trip bus 2A04 feeder circuit breakers 2A0418 and 2A0413
insuring those circuit breakers are open (with rno offsite
power available to Unit 3, this same sequence will occur on
3A04). The bus 2A04 LOVS will also signal diesel generator
3G002 to start in lieu of the unavailable diesel generator
2G002. Circuit breaker 3A0413 will close energizing 3A04
when 3G002 reaches sufficient voltage and speed if offsite
power is not available. Tie breaker 3A0416 will closa
immediately after 3G002 energizes bus A04, at which time
Unit 3 loads will begin to load (normal and sequenced) to
the bus upon LOVS reset.

With power available from Unit 3 and Unit 2 bus 2A04 de-
energized, bus tie breaker 2A0417 will close, energizing bus
2A04. Unit 2 normal or SIAS loads will start to segquence on
bus 2A04 automatically. If a SIAS signal is present in both
unite, the closing of bus tie brealier 2A0417 will be
blocked. If a second SIAS signal occurs after the dual unit
LOVS has been reset, and the SIAS signal is still present
from the accident unit, Unit 2 bus tie 2A0417 will open.

It should be noted that the diesel generators are each
capable of supplying all associated bus loads supporting



a loss of coolant accident in one unit and a normal unit
shutdown of the adjacent unit.

2.2.4 Technical Specificaticns

Amendments to the current technical specifications would
require redefinition of "two separate and independent diesel
generators" as outlined in Technical Specification 3/4.8.1.1
to include sharing one diesel generator. Specifically,
given a diesel generator unavailable in Unit 2, the
Technical Specification change would permit one of the Unit
3 diesel generators to be the second standby diesel
generator in lieu of the inoperable Unit 2 diesel generator
provided:

° Two operable diesel generators are on different
trains.

o Both tie breakers are operable for the train that has
the operable diesel in Unit 3.

° The transfer enabling circuit selected is operable and
the transfer enabling switch selected to "AUTO" on the
train with the inoperable diesel generator.

o No more than ocne of the four unit-to-unit transfer
enabling switches may be in AUTO.

Such amendments would avert a plant shutdown, if a diesel
generator is unavailable for 72 hours, since two generators
would still be availabvle for any unit demand and the LCO
would never be encountered.









3.0 ANALYSIS METHODOLOGY

This section outlines the general methodology employed in
performing this study. 1In addition, a discussion of the
initiating event with regard to plant response and success
criteria is also presented. A description of each system
modeled in this study, along with details of system fault
tree modeling, and success criteria are presented. Also,
data development supporting each case study is provided.

3.1 General Methou»lngy

This section presents the general methodology as it
pertains to the guidelines ard boundary conditions, event
tree and fault tree development, and data sources used in
performing this study.

This reliability assessment is performed based on a
realistic assessment of accident potential and response.
Equipment capability, success criteria, and event
sequences are modeled as realistically as possible to
depict the actual expected course of events and
conditions. Conservatisms are included where necessary tn
allow for simplifications or where best estimate data are
not available. To the extent p.ssible, such conservatisms
are identified in the documentation. Only the plant
response of Unit 2 train A is considered in this study
(other than the cross-tied Unit 3 associated diesel
generator). A similar plant response is expected from
redundant load groups in each unit.



3.1.1 Guidelines and Boundary Conditions

The general guidelines and boundary cnnditions utilized in
the performance of this analysis are discussed below:

Analysis Methodology

In general, this study utilizes detailed fault trees and a
modarate sized event tree. A fault tree was constructed
for each system which could significantly influence the
plant's response to the initiating event. These trees
included the Auxiliary Feedwater System, AC Power System,
DC Power System and those portions of the Plant Protection
System which support principal system operation. The
event tree constructed for this study reflects the
progression of events following a loss of offsite power.

Initial Plant State:

The initial plant state is power operation with all
systems in normal operation. Loss of offsite power events
which occur during shutdown conditions or during
startup/shutdown evolutions are not addressed in this
study. The potential for systems to be in test or
maintenance when the loss of offsite power occurs is
included.

End Point of the Analysis:

The analysis assesses the likelihood of achieving long
term stable oper: tion following the event. Such stable
operation is d-f ~~d as a situation in which the reactor
is subcritical, pressure and level are stabilized and
maintained, temperature is within limits, and continued
maintenance of ''e¢ stable condition is possible. A stable
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condition for this analysis is considered to be achieved
within 24 hours if degradations have not precluded safe
shutdown.

In situations in which a stable condition cannot be
achieved, "core melt" or "serious core damage" is expected
to occur. For the purposes of this study, these terms
refer to a condition characterized by an extended period
of core uncovery during which fuel rod heatup occurs and
fuel melting occurs. It is assumed that once this damage
occurs, the accident will progress until a significant
portion of the core has melted. This assumption is
conservative since the recovery of plant functions during
the course of the accident could arrest the fuel damage
process and allow the RCS to be returned to a stable
(although damaged) condition. The calculated freguency of
core melt (based on a similar initiating event) for the
unit with and without the diesel generator cross-connect
provides the basis for assessing the safety improvement
resulting from the proposed modification.

Accident Initiators:

In order to perform a plant-wide reliability assessment,
the analyst must identify the spectrum of plant events
which might occur and determine the possible responses of
the plant to that event. The accident initiating events
are defined as component failures or personnel actions
that disrupt normal plant operation sufficiently to
require reactor shutdown and mitigating actions on the
part of automatic systems or plant operators in order to
maintain the functions that protect the reactor core.
Although a spectrum of initiating events exist, the
initiating event evaluated in this analysis is a loss of
offsite power (LOOP) initiated by a loss of power in the
plant's 220kV switchyard. Such a loss results in the
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simultaneous de-energization of all plant buses (both
Class 1E and Non-class 1E), actuation of automatic logic
signals and sequences, and operator actions to safely
shutdown the unit and avert core damage. In addition, if
both Unit 2 diesel generators fail to subsequently provide
emergency AC power on demand, then a station blackout
exists. For the proposed configuration with the diesel
generator cross-connect modification, all Unit 2 and Unit
3 diesel generators (4 total) failing to provide emergency
AC power on demand constitutes a station blackout (SBO).

Blant Configuration:

The plant description utilized in the analysis is taken
from the FSAR, system descriptions, training manuals and
official plant drawings and associated documentation.
Preferred and alternative modes of operation and system
alignments have been incorporated into the study.

Systems Evaluated:

All important systems and functions required for the
mitigation of the LOOP/SBO initiator are analyzed in
detail.

Human Reliability:

This study examines all applicable operating instructions,
abnormal operating instructions, emergency operating
instructions, maintenance procedures and engineering
procedures. Specifically included are: failures to
restore systems following test or maintenance, failures to
accurately calibrate instrumentation, and failures to
properly implement procedural steps related to plant
operations when required. Multiple occurrences of these
failures stemming from common causes are also included.
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Failures to implement actions not specifically identified
in written procedures are not generally considered, (i.e.,
no credit is normally taken for non-procedural actions).
Operator errors of commission, which defeat systenm
performance or which aggravate normal plant response to an
event, are not explicitly evaluated. This is consistent
with previous PRAs including WASH-1400, various IREP
studies and RSSMAP studies. For human error rate
estimates, simplified methods from the "Handbook of Human
Roliability"(9] have been applied. In addition, common
mode error associated with maintenance practices is
modeled for significant active components.

3.1.2 Event Tree Construction Guidelines

A specific event tree was developed for the loss of
offsite power/station blackout initiating esvent to
represent the functional behavior of the initiating
systems in responding to the accident sequence. They
represent macroscopic views of plant functional responses.
Detailed responses are developed in the system-specific
fault trees (i.e., microscopic view).

Event trees are developed using mitigating systems such as
the AFW System. Support systems, are included in the
development of the front-line system top nodes. This
functional approach allows the event trees to e smaller
in size and easier to use.

3.1.3 Fault Tree Construction Guidelines

The fault trees developed for this assessment are plant-
specific logic models. They extend to the component
level, generally consistent with available data.
Subcomponent parts are not treated separately. The logic
1odel includes the ability of components to operate
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successfully or “o ba in a failed state. Partial
component operation is considered a failure. This is a
potential conservatism in the analysis. Dependent failure
mechanisms are characterized including primarily
functional dependencies. Recovery of failed equipment is
not considered unless such recovery is necessary to 1 luce
the conservatism of dominant cut sets. For example
recovery of diesel generators is considerea for the
station blackout event.

Rather than model maintenance contributions as mutually
exclusive events, a significant analytical enhancement
available for the app.ied code series has been utilized to
remove all excluded piant operating conditions from the
ana.ysis This !» done »y identifying such conditions and
utilizing a postprocessor to remove unacceptable cut sets
from the analytical solution derived by the cut set
analyzer (described in section 3.1.5). In addition, the
postprocesrsor searches for statistically dependent events
in minimal cut sets and performs a Boolean substitution
for these events.

Further, in the development of fault trees, certain basic
assumptions are made which do not vary significantly among
the system or initiaiirg event models. L.sted below are
fundamental assumptions employed in the development of the
fault trees used in this analysis.

) Piping failures are not included in the model
since the loss of offsite power initiating event
does not result in conditions that are expected
to lead to pipe failures.

2. Failures of control circuitry are treated
separately from failures of the controlled
egquipment if the control circuits are
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independent of, and powered by electrical buses
different from, the controlled equipment. (In
general, 4160 volt components tend to utilize
such independent control circuits). Control
circuits failures in lower voltage equipment
(i.e., 480V or less) are assumed to be included
in the aggregate failure rate for the equipment
itself.

3. For control va.ves, the circuit breakers are
assumed to be normally closed. Failure of the
circuit breakers means that the circuit breakers
do not remain closed (i.e., fail open).

4. For standby motor-driven pumps, the circuit
breakers are assumed to be normally open.
Failure of the circuit breakers means that the
circuit breakers do not close upon an actuation

signal.

5. Normally closed manual valves are assumed not to
fail open.

6. Failure of operators to correctly execute a

procedural step or to backup an automatic
actuation signal are included. The recovery of
key components t‘hat have failed are also
considered. However, ‘rors of commission are
not included in the models.

In addition to the system-level fault trees described
above, a master fault tree was developed. This master
tree represents each of the sequences appearing in the
event tree and includes all the system-level fault trees
that are necessary to evaluate the event. This tree is



then used to calculste the total frequency of core melt
due to the initiating event.

3.1.4 Data Sources

Data used for accident-sequence definition and
quantification is categorized ~s follows:

Initiating Event Frequency Data:

Initiating event frequencies are expressed in terms of a
likelihoed of occurrence per reactor-year. That is, the
likelihood of occurrence in a 12 month period.

Component Fajlure Rate Data:

The quantification of the fault trees and the event tree
is based upon best available data for each particular
component. Where possible, when sufficient data exisced,
plant-specific data is used. However, some significant
plant specific data is r . yet available due to the short
operating time of Unit !, For components, data from IREP
and NRC sources have been used. Where such data is not
available, WASH-1400 has been relied upon. It should be
noted that variations between manufacturers and particular
component models are ga2nerally not included in the data
base. This represents a shortcoming of any plant data
assessment effort. This is particularly important for San
Onofre due to the unavailability of data regarding diesel
generator performance. San Onofre includes tandem diesel
generators which rely upon two engines per generator. The
‘~gines chosen were selected for their high reliability.
Tne unavailability of specific component data for these
engines results in the necessity to incorporate typical
component data which may well not be representative of the
components utilized in San Onofre.
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Basic events modeled in the fault tree include two major
types of failures: failure to start (or change state) and
failure to continue to operate. For standby pumps, such
as those in the Auxiliary Feedwater System, both failure
to start anda failure to continue to operate are required.
It is also necessary to define a mission time to quantify
the failure probability associated with failure to run.

Test and Maintenance Data:

When sufficient data was not available data was taken from
recent PRAs to quantify the San Onofre fault trees. This
represents a compromise in the assessment of plant
specific reliability.

The frequency and duration of testing and maintenance are
required to determine the unavailability of a component.

Reco/ery Nata:

The critical time fo~ the recovery action and the
probability of nca-recovery within the critical time need
to be identifiea.

Human Reliability Data:

Human reliability data is quantified for specific actions
based on a combination of factors including: procedural
styps, review of historical records, local versus remote
action, and engineering judgment. This data is used in
conjunction with data and guidelines of NUREG/CR-1278 to
determine the error probability.



Uncertainty of Data:

For uncertainty analysis, error factors associated with
failure probability must be specified. Judgment is
occasionally exercised to estimate the error factors when
these are not readily available.

3.1.5 Computer Codes Utilized

The following computer codes were used to perform the
reliability analyses:

FTAP

FTAP POSTPROCESSOR
IMPORTANCE

MONTE

O 0 0 o

A flowchart of the overall execution of these codes is
shown in Figure 3~1.

FTAP and FTAP POSTPROCESSOR perform the gqualitative
evaluation; IMPORTANCE, performs the probabilistic
vvaluation; and MONTE performs the uncertainty analysis.
Boeing Aerospace co.[11] ranked these codes first in
suiting the needs of the U.S. Air Force in reliability
analysis, and performed an extensive QA check of these
codes. The codes are used by corporations and government
agencies worldwide.

FTAP accepts as input a Boolean equation for each gate
event in the fault tree or logic model. FTAP can accept
complemented events and k-of-n gates. The code contains
routines for checking the input fault tree for logic
errors and inconsistencies(1?],



The code can eliminate minimal cut sets (or event
sequences) according to probability or cut set order,
which is particularly useful for analysis of complex
systems.

In addition, FTAP's TRUE and FALSE commands allow the user
to selectively modify the fault tree model to meet
specific failure conditions. For example, if the TRUE
command is used to specify a loss of AC power (i.e., loss
of AC power is true), the code will automatically generate
a minimized fault tree for this condition and generate cut
sets for only the non-AC-dependent systems (since all AC-
dependent systems are assumed to be failed).

FTAP POSTPROCESSOR is particularly useful for the
enhancement of fault tree analyses. The features of FTAP
POSTPROCESSOR include:

© conducting common cause analyses,

© dropping complimented events and performing the
subsequent minimization,

© elimination of cut sets containing mutually
exclusive events, and

© generation cf block files (i.e., sets of Boolean
equations for systems and subsystems).

The user provides an input data file specifying the
mutually exclusive items to be dropped from the cut set
solution and/or the basic event combinations that are to
be replaced in the minimal cut sets with alternate events
(e.g. common cause failure events). FTAP POSTPROCESSOR
taen modifies the FTAP cut set file (i.e., the FP file in
Figure 3-1) in accordance with the user's instructions.

IMPORTANCE accepts as input both basic event data (i.e.,
failure rates, error factors) and the minimal cut set file
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generated by FTAP or FTAP PCSTPROCESSOR. The code
generates as output the top event probability and the
ranking of basic events and minimal cut sets according to
various user-selected importance measures.

The MONTE code is used to perform a Monte Carlo-type
uncertainty analysis. Both normal and lognormal
uncertainty distributions are allowed for each event.
MONTE calculates confidence intervals for the top event
probability and, optionally, for basic event and minimal
cut set importance rankings.

3.1.6 Basic Event Coding Scheme

Fault trees are comprised of numerous basic events
depicting various failure modes. The fault trees utilized
in this study follow a standard naming convention when
describing basic events. For the mest part, basic event
names are 8 characters in length.

[ 9%)
1
[
~



A list of standard designations is presented in Table 3-1.
The typical format is described below:

1 =
2 & 3 =

4=7 =

8 =

Example:
where

L =
cv =
0019 =
3 =

system designator (two spaces may be needed in
some cases)

component type

plant unique number (i.e., tag number)

failure mode

LCVOO19P

Auxiliary Feedwater System

check valves

valve no. 0019

does not open
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1
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4 BLODCK LIST OF CUTSET ID #'s IN FORM OF
FAULT TREE LOGIC
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EVEMT naME s, PROB. UNC, DESCRIPTION
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1) EVENTS, PROBABILITY, MEAN OR MEDIAN, ERROR
FACTOR, DIST, EVERT DESCRIPTION

2) DOMINANT CUTSETS WITH EVENT DESCRIPTION

3> LESS IMPORTANT CUTSET ID w's
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Table 3-1

FAILURE MODE CODFS USED IN CCMPONENT DESIGNATORS

CODE

PASSIVE

4 H X O MmO w >

ACTIVE

Fr

w O =

0

CLOSED

FAILURE MODE

SHORT TO POWER
FEN CIRCUIT
SHORT TO GROUND
PLUGGED
LEAKAGE/RUPTURE
DISTORTION
LOSS OF FUNCTION
ENVIRONMENTAL DEGRADATION
PASSIVE FAILURES

MISC.

DOES NOT ACTUATE/OPERATE
ACTUATES/OPERATES INADVERTENTLY

DOWN

FOR

OF QUICK

DOES
DCES
DOES
DOES

DOES
DOES

NOT
NOT
NOT
NOT

NOT
NOT

MAINTENANCE (LOW PROBABILITY
RESTORATION)

CLOSE

REMAIN CLOSED

OPEN

REMAIN OPEN = FAILS

START
CONTINUE TO RUN

TEST OR OPERATIONAL MANEUVER (HIGH
PROBABILITY OF QUICK RESTORATION)
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Table 3~1 (Continued)

CODE FAILURE MODE
ACTIVE
) OPERATOR FAILURE TO FOLLOW
PROCEDURE
v OPERATOR FAILURE TO ACT
W OPERATOR ERROR OF COMMISSION
X LEFT INCORRECT POSITION AFTER
MAINT. OR OPERATION
4 NON-RECOVERY
Z MISC. ACTIVE FAILURE



Table 3~1 (Continued)

MECHANICAL COMPONENT CODES
USED IN COMPONENT DESIGNATORS

CODE MECHANICAL COMPONENTS
AC ACCUMULATOR

AV VALVE PNEUMATIC

BE BEARING

BO BOILER

CcD CONTROL ROD DRIVE UNIT
CH CHILLER

CL CONTROLLER/GOVERNOR (MECHANICAL)
CM COMPRESSOR

CN CONDENSER

CR COOLER

cv VALVE, CHECK

DG DIESEL GENERATOR

DL DIESEL ENGINE

DP DAMPER

FE FLOW ELEMENT

FL FILTER OR STRAINER

FN FAN

GB GAS BOTTLE

HE HEAT EXCHANGER

HV HYDRAULIC VALVE

I1G IGNITER

MV VALVE, MOTOR OPERATED
OoP OPERATOR (HUMAN) ERROR
OR ORIFICE

ov VALVE, (OTHER)

PC PIPE CAP



Table 3~1 (Continued)

CODE MECHANICAL COMPONENTS
PE EXPANSION JOINT

PG FLEXIBLE HOSE

PM PUMP, MOTOR DRIVEN
PP PIPE

PT PUMP, TURBINE DRIVEN
PV PRESSURE VESSEL

RD RUPTURE DISC

RV VALVE, RELIEF

8D STEAM DRUM

SG STEAM GENERATOR

SL SEALS

sV VALVE, SOLENOQID

TG TUBING

TK TANK

™ TURBINE

Vv VALVE SYSTEM

XV VALVE, MANUAL

w
I

18



Table 3~1 (Continued)

ELECTRICAL COMPONENT CODES
USED IN COMPONENT DESIGNATORS

CODE ELECTRICAL COMPONENT
AC AC POWER SUPPLY
AM AMPLIFIER
AN ANNUNCIATOR
AT SWITCH, AUTOMATIC
BC BATTERY CHARGER
BS BUS
BY BATTERY
CA CABLE (ELECTRICAL)
CB CIRCUIT BREAKER
cC CAPACITOR
CE CONTROLLER/GOVERNOR (ELECTRICAL)
co CONNECTOR
DC DC POWER SUPPLY
DE DIODE OR RECTIFIER
DP DISTRIBUTION PANEL
ES ELECTRICAL SYSTEM/DEVICE
FuU FUSE
GE GENERATOR
HR HEATER
HT HEAT TRACING
Iv INVERTER

LIGHTING ARRESTOR
LE LEVEL SENSOR

LIMIT SWITCH
LT LIGHT
MO MOTOR
ND NEUTRON DETECTOR
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CODE

TERASECRBRAET RN

T2

R

Table 3~1 (Continued)

ELECTRICAL COMPONENT

INDICALOR/METER

PRESSURE SENSOR

RADIATION SENSOR

RECORDER

RELAY

RESISTOR

SENSOR, OTHER

SWITCH, MINUAL

POSITION SENSOR

TEMPERATURE SENSOR

TIMER

TRANSFORMER

TRANSMITTER (POSITION/FLOW/TEMP)
(PRESS/LEVEL/RADIATION)

VOLTA"E REGULATOR

WIRE



3.2 Initiating Event Description and Event Tree Modeling

Selection of the LOOP/SBO initiating event was based on an
engineering assessment that the foremost distinction
between the cross-tie modification and the current system
would be the availability of AC power from diesel
generators to support unit shutdown and avert a station
blackout. The analysis for loss of offsite AC power
reflects an sxacting demand on the diesel generators as
backup AC power sources, enabling a better assessment of
the relative reliability of the current and proposed
systems. Other initiating events would produce the same
conclusion of the LOOP/SBO initiating event in terms of
relative reliability of proposed and current systems and
therefore are not evaluated in this analysis.

3.2.1 Event Description and Plant Response

A loss of offsite power will cause an immediate reactor trip
and temporarily render inoperable all electrically-powered
coaponents not provided with a battery backup power supply.
Upon reactor trip, steam will immediately be relieved from
the steam generutors via the secondary safety valves (9 per
steam generator). These safeties will maintain steam
generator pressure at 1100 psia. The secondary safeties
must reseat after each opening. Failure to reseat will
lower steam generator pressure and jeopardize the
operability of the steam-driven AFW pump which requires a
steam prescure of at least 65 psia to operate. Shortly
after the trip, the operators will control steam generator
pressure via the remote-manually operated atmospheric steam
dump valves (1 per steam generator). These dump valves are
powercd from vital 125V DC ba“teries "A" and "B"., The
operators arc instructed by procedure to maintain RTS
average temperature between 545°F and 555° (procedure

8023=-.2-1).




Uporn detection of a surtained low voltage on vital 4160V
buses 2A04 and 2AC6, nor-permanently ccnnected locads will be
sti1ippe? from the buses, and ~margency diesel generators
2G002 and 2G003 will automatic: ’ly start and reenerg’ze their
respective buses. An emergenc_ ‘eedwater actnation sianal
(EFAS) will *2 generated on l.. steam generator water level,
and the motor-driven AFW pumps and valves will automatically
operate. The steam-driven AFW pump will also start in
response to the EFAS. Loads such as reactor coolant pumps,
main feedwater pumps and SBCS valver are non-vital 'oads and
are therefore not powered by thc emergency diesel
generators.

If emergency power and AFW are shnccessful, the plant may be
maintained in hot shutdown or cooled down to await the
recovery of offsite power. If AC power is not restored
prior to the time that the steam generators would boil dry
and no AFW flcw is provided, (approximately 51 minutes,
based upon an SCE calculation[]33), a station blackout
~¢endition exists. The turbine-driven AFW pump can maintain
RCE® heat removal along with the station batteries, via the
inverters, proviling vital instrumentation and control power
until AC power is restored. However, the time available for
restoration of power is limited by the capacity of the
batteries and the abhility of the inverters to function
without cooling. 1In addition, due to the loss of AC power,
the reactor coolant pump (RCP) seals are lef% without
cooiring. This could lead to seal failure resulting in

the loss of primary coolant, the inability to provide RCS
makeup, and the loss of RCS heat removal capability.



3.2.2

Summary ot Success Criteria

The ability to avoid core damage following a loss of offsite
power/station blackout event must be assessed in two

different configurations. 1In the event of a loss of offsite
power, the following success criteria must be achieved:

1)

2)

3)

4)

Reactor scram. This is assumed.

Steam relief from the steam generators. Because
any one of the 18 secondary safeties (nine per
steam generator) is capable of removing all decay
heat within twenty seconds of a reactor trip, and
because the failure probability of these safeties
is low, (approximately 1E-03 per valve per
demand), it will be assumed that steam relief from
the steam generators via the secondary safeties
will always occur.

Operation of the Auxiliary Feedwater System such
that feedwater from at least one pump is prov.ded
to at least one steam generator prior to when tlre
steam generators are calculated to have boiled
dry, i.e., 51 minutes.

Restoration of ~nsite AC power at or prior to the
time that secondary makeup is required, i.e. 51
minutes. Failure to restore 2AC power by this time
does not constitute core damage but does
constitute a station blackout event.

In the event of a station blackout, the following criteria

must be achieved in order to prevent core damage:

1)

The steam-driven portion of the Auxiliary
Feudwater System must start and continue to supply
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feedwater to at least one steam generator for the

‘ duration of the loss of AC power. This requires
the operability of both the steam-driven auxiliary
feedwater pump and the DC-powered feedwater
isolation valves.

Operability of this pump is a function of
secondary steam safety valves reseating and the
life expectancy of battery "C". Operability of
the DC-powered isolation valves is a function of
the lifetimes of station batteries "A" and "B",
the ability of plant operators tc manually operate
the valves if and when the batteries are depleted,
and the ability of the control operator to
determine steam generator level (i.e., at leest
one of the four vital bus inverters operawle to
power plant instrumentation).

‘ 2) Maintenance of RCS inventory. Loss of natural
circulation will be the first casualty of an
excessive loss of RCS inventory. This loss would
be the result of a "catastrophic" RCP seal
failure.

It has been conservatively assumed that the
likelihood of RCP seal failure during the first 2
hours of a station blackout is 0.001. The
likelihood of seal failure within the next 8 hours
is assumed to be 0.001 if RCP bleedoff can be
isolated by 2 hours, and 0.1 if bleedoff cannot be
isolated.

3.2.3 Event Tree Model

The loss of offsite power and station blackout event trees
‘ are provided as Figures 3-2 and 3-3. The AC power system
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fault trees provided represent the two cases studied in this
analysis. The base caste trees (those with no cross-connect
capability) are depicted as UA, UB, UC, and so on. The
fault trees representing the diesel cross-connect case are
depicted as UA', UB', UC', and so on. These fault trees are
presented in Appendix A.

To analyze the loss of offsite power and station blackecut
event, a master fault tree was developed linking the
required individual fault trees together. Each of the nodal
po.nts of the event trees is depicted in the master fault
tree (Figurc 3-4) and is discussed briefly below.

The reactor is assumed to trip following loss of offsite
power. Secondary heat removal is assumed to be available
from the steam generator safety valves. The probability
that 2i insufficient number of these valves would fail to

~ n co relieve decay heat is small, and is hence neglected.

The master tree evaluates the probability of core melt due
to a loss of offsite power: the loss of offsite power is
indicated by the basic event "LOOP." Core melt occurs due
to a loss of RTS heat removal. AFW response is avaluated
under several conditions due to its dependence on power. In
order to address possible core melt scenarios in which some
onsite AC power is available following the loss of offsite
power but AFW is unable to provide steam generator makeup, a
"block" file was created using the AFW fault tree and AC &
DC power fault trees (AFWLOOP). This block file evaluates
tae possible combinations of emergency AC power
unavailability and AFW pump unavailability which would
preclude cuccessful makeup to the steam generators. For
example, such combinations may include both diesel
generators supplying power but the AFW pumps are not
available, or the train A diesel starts, the train B AFW



motor-driven pump fails to run, and the turbine-driven »'W
pump suffers a turbine problem.

The "UA"™ and "UA'" trees analyze the non-recovery of AC
power at T=51 minutes. If power has not been recovered by
this time, a station blackout exists leaving only the
turbine driven AFW pump capable of supplving secondary
makeup required for RCS heat removal. The AFW fault tree
with only the turbine driven pump modeled is the "LA" tree.

At 90 minutes, denoted by the "UB" and "UB'" trees,
batteries A and B are depleted. Again, this affects AFW
flow since the control valves are supplied by batteries A
and B. Operators must manually operate these valves at this
point. The failure of the operators %o manually operate
these valves is assigned as an event on the master tree
(i.e., LOPMDISC).

RCS integrity is also required in order to maintain adequate
RCS heat removal. RCS integrity can be lost if the reactor
coolant pump seals fail. Three failure scenarios are
evaluated in the master tree:

o Failure of the seals to retain their integrity
during the initial station bla.kout period (prior
to the time that plant operators are able to
attempt to isolate RCS controlled bleedoff). This
scenario is modeled by gate 2C-01-10, which
considers seal failure given the station blackout
occurs (blackout occurrence is defined as failure
to restore AC power within 51 minutes).

o Failure of the seals after bleedoff isolation
occurs at T=2 hours. This scenario is modeled on
the second sheet of the master tree, in which AC
power fails to be recoverad at T=2 hours
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(represented by the "UC" and "UC'" trees) and the
seals fail given isolation occurs.

o Failure of the seals if no isolation occurs at T=2
hours. This scenario is also modeled on the second
sheet of the master tree and includes the failure
of the operator to isolate bleedoff, RCP seal
failure given no bleedoff isolation, and failure to
restore AC power at T=2 hours (the "UC"™ and "ucC'"
trees).

Failure of the vital bus inverters is assumed to also lead
to core melt, since the vital buses power instrumentation
that is necessary for plant operators to assess plant
conditions. The master fault tree considers three time-
phased inverter failure scenarios:

o Inverter failure at T=3 hours. This scenario
requires the operators to fail to load shed at T=1
hour (as instructed by procedure) and failure to
restore AC power, and hence inverter cooling,
before the inverters fail due to over heating at
T=3 hours. Failure tc recover AC power at that time
is modeled by the "UD" and "UD'" trees.

o Inverter failure at T=4 hours. This scenario
postulates the operator load sheds at T=1 hour and
a high inverter room temperature at the start of
the blackout transient (event JIVTHIGH). Under
high temperature conditions, the inverters will
fail if AC power is not restored within 4 hours
(modeled by the "UE" and "UE'" trees).

o Inverter failure at T=7.5 hours. This scenario
exists if the operator load sheds at T=1 hour and
the inverter room temperature is low (event
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JIVTLOW). In this case, AC power must be restored

within 7.5 hours to prevent inverter failure. The

"UF" and "UF'" trees model non-recovery of AC
power at T=7.5 hours.
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3.3 System Fault Trees/System Analysis

This section of the report provides brief descriptions of
each of the plant systemc that were modeled as part of the
risk assessment effort. The intert of these summaries is to
provide the reader with an overview of each system's design
and operation, and to highlight key aspects of each system
that were significant to the modeling effort as they pertain
to the initiating event. Simplified P&ID's and electrical
srematics are also included for each system. For
additional information about these systems, the reader
should consult the Updated FSAR and San Onofre Plant Manual
system descriptions.

3.3.1 AC Power Systems

3.3.1.1 Design Criteria

The 220kV switchyard has the following main functions:

© To receive the electrical power output from the
three unit generating main transformers and direct
the power to various substations on the Southern
California Edison (SCE) and San Diego Gas and
Electric (SDG&E) transmission networks (grids).

© To provide a source of offsite electrical power
for all three generating units under normal and
emergency conditions.

The 220kV switchyard has the following design bases:

© The 220kV switchyard provides two physically
independent offsite electrical power sources to
the San Onofre Nuclear Generating Station. The
sources provide sufficient power to supply the
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safety~related equipment required for: (1) the

‘ safe shutdown of a unit and (2) the mitigation and
control of accident conditions within a unit. The
cnsite emergency diesel generators provide a
backup source of power to the safety-related
equipment should the offsite sources become
unavailable.

© The 220kV switchyard provides for bus and/or
switchyard separation in the event of a fault
occurring in a portion of the switchyard.

© The limiting criteria for the design of the
switchyard bus support structures is the ability
to withstand the dynamic effects of the worst
possible short circuit.

The plant AC Electrical Distribution System is composed of five
. distinct distribution systems:

- Class 1lE 4160V

- Class 1lE 480V

- Non=-class 1E 6.9kV
- Non-=class 1E 4160V
- Non-class 1E 480V

The Class 1E Electrical System provides electrical power tc
safety~-related equipment used to shutdown tha2 reactor safely
following a design basis event. The Class 1E Electrical
System also supplies power to two 100% capacity independent
trains of safety~-related equipment designed for continued
core cooling, reactor and containment heat removal, and
containment isolation follcwing a design basis event. Non-
class 1E Systems supply power to non-safety-related
equipment used to support normal plant operations.



Unit 2 and Unit 3 have separate electrical distribution
. system which are interconnected as follows:

©¢ The power supply for the Non-class 1lE 6.9X
Electrical Distribution System buses of one unit
can we automatically or manually transferred to
the reserve auxiliary transformers of the other
unit (special conditions are required).

© The power supply for the Non-class 1lE 4160V and
480V Electrical Distrihution System of one unit
cannot be cross~-connected to the other unit. Some
common plant components are provided with power
feed lines from both units; interlocks ensure each
component is powered from only one unit at a time.

© The offsite power supply for the Class 1E -~ _60V
Electrical Distribution System buses can be
automatically or manually transferred and cross-

‘ connected to the other unit bus of the same load
group. [(Note: 1In modeling assumption of design basis
configuration offsite failure in one unit
constitutes unavailability of offsite power in
both units; therefore transferability between
units is not modeled.)

The functions and design bases for the 4160V and 480V
Electrical Distribution System have been discussed
previously in Section 2.0.

The Non-class 1E 6.9kV Electrical Distribution System is
main function is to distribute power to the reactor coo.ant
pumps at a nominal voltage of 6.9kV.



The Non-class 1E 6.9KV Electrical Distribution System has
. the following design bases:

o For reliability, each 6.9kV bus has three
separate power sources.

© Both the unit auxiliary transformers (2XU2 and
3XU2) and the reserve auxiliary transformers (2XR3
and 3XR3) are designed to carry the current of
three running reactor ccolant pumps plus the
starting current of a fourth reactor coolant pump.

The Non-class 1E 4160V and <30V Electrical Distribution
System's main function is to distribute power to non-class
1E 4.16kV loads and non-class 1E 480V locads during normal
plant operating conditions.

The Non-class 1E 4160V and 480V Electrical Distribution
System's design basis has both the unit auxiliary

' transformer (XUl) and the reserve auxiliary transformer (XR1
and XR2) Non-class 1E 4160V secondary windings designed to
supply full Non-class 1E 4160V steady state load demand plus
the starting current of the single largest Noa-class 1E load
(e.g., the single largest load is a circulating water pump).

3.3.1.2 System Configuration

Figure 3-5 presents a simplified orne-line diagram of the
rt'ass _E AC Power System.

The AC Power System provides AC power to safety and non-
safety related systems throughout the plant. The AC Power
System also supplies battery charging power for the DC Power
System. Offsite power is normally supplied to the plant
through the 220kV switchyard and distributed to the various



safety and non-safety huses through the 6.9kV, 4160V and
480V Distribution Systens.

The power from the units flows to the switchyard and is
conducted to various SCE and SDG&E substations accoraing to
system demand. Power is also available to each unit's
reserve auxiliary transformer to supply Class 1E loads under
normal and accident conditions. The 220kV switchyard also
supplies power to the reserve auxiliary transformers to
supply Non-class 1E loads during a plant startup, shutdown,
or following a unit trip.

The 220kV switchyard is divided into two separate sections
consisting of the SCE section and the SDG&E section. The
SCE portion of the switchyard is the north section and the
SDG&E portion of the switchyard is the south section. The
switchyard sections are normally tied together by
sectionalizing breakers.

The 220kV switchyard is a double bus, double circuit breaker
arrangement with nineteen positions. The two redundant
buses are designated as the east bus and the west bus. The
normal line-up for the 220kV switchyard, with three units on
line, is with all the 220kV circuit breakers closed.

3.3.1.3 System Operation

During normal plant operation, the Class 1lE busas are
energized from the same unit reserve auxiliary transformers
XR1 and XR2 (the preferred source of power). A second
offsite power source from the other unit's reserve auxi.iary
transformer XR1l or XR2 (through other unit's Class 1E 4160V
buses and crosstie breakers) is aligned to automatically re-
energize the Class 1E buses should both offsite power
supplies become unavailable.



Once every seven days the Class 1E buses and offsite power
supplies are determined to be operable by verifying the
correct breaker alignment and indicated power availability
per Technical Specifications. The diesel generators are
also tested in accordance with Technical Specifications on a
monthly basis. Section 3/4.8 of Technicai specificatiocns
outlines the actions that should be taken if any of the
Class 1E buses or Class 1E power sources beccmes inoperable.

During cold shutdown and refueling, only one offsite power
source, one load group, and its associated diesel generator
are required to be operable. If the offsite power is
supplie through the other unit's A04 or A06 bus, the other
unit's Class 1E 4160V bus is also required to be operable.
If the main generator iso-phase bus links are removed, the
unit auxiliary transformer XUl provides the same functions
as XR1l and XR2.

The normal source of power to che 6.9kV buses is from the

unit auxiliary transformer. 1In this alignment, the 6.9kV

buses are provided with automatic transfer capabilities to
two alternate power sources,

The normal source of power to the Non-class 1E 4160V buses
is from the unit auxiliary transformer. In this alignment,
the 4160V buses automatically transfer to their associated
reserve auxiliary transformer if power is lost to the unit
auxiliary transformer.

When the main generator is not on-line, the unit auxiliary
transformers are de-energized and the reserve auxiliary
transformers (XR1l and XR2) become the normal source of power
to the Non-class 1lE 4160V and 6.9 kV buses.

The offsite portion of the AC Power System is dependent upon
the offsite electrical grid. The onsite portion of the AC
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Power System is essentially independent of the Offsite AC
System. However, the diesel generator starting-air
accumulators only provide sufficient air for one failed
starting attempt. Additional starting attempts, if
required, would require the use of AC-powered starting air
compressors or the use of bottled compressed gas to recharge
the starting air accumulators. The onsite system is also
dependent upon the DC Power System and ESFAS.

In the event of loss of offsite power to the unit, the Class
1E 4160V buses must be verified to have had power restored.
There should be an automatic transfer of the Class 1E buses
to the alternate unit's Class 1E 4.16kV buses. In the event
that one of the cross-tie breakers faiis to close or the
alternate unit has also lost power, the diesel generators
should start and restore power to the Class 1lE buses.
Further, with the provision of the proposed diesel generator
automatic cross-connect modification, the unit will have
access to the associated unit diesel generator provided

the enable switch is in "AUTO" on thie main control panels.
As part of our modeling efforts we have included this
provision on separate fault trees to reflect the cross-
connect modification.

3.3.1.4 Loss of Offsite Power and Station Blackout Event

System Response

Following a loss of offsite power event, the Class 1E 4160V
bus will de-energize due to unavailability of preferred
offsite power. Subsequently, the diesel generators should
start and restore power to the Class 1E buses. Should the
diesel generators not be successful in restoring power, a
station blackout condition exists. Response to this
condition is a function of how quickly power can be
restored. To reflect the critical times for non-recovery of
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AC power during a station blackout, several recovery times
(and fault trees) are used such as 51 minutes, 90 minutes,
2, 3, 4, and 7.5 hours. Each time phase element was
discussed specifically in Section 3.2,

Success Criteria

Q

Success criteria for the AC Power Distribution Systems are

necessary to ensure power to various ESF loads.

Fault Tree Modeling Assumptions

The assumptions used in the construction of the fault tree
are listed below:

1. Nonrecovery of offsite power and non-repair of
diesel generators are modeled in the fault trees.

2. Because of the lack of sufficient data concerning
the tandem diesel generators (Trojan, St. Lucie,
and Seguoyah are other plants that have tandem
diesel generators), the diesel generators are not
further divided into 20 cylinder diesels, 16
cylinder diesels and generators in the fault tree.

3. Repair of the diesel generators is only modeled
for failure to start. Repair of the diesel
generators not able to continue running is not
included because of its small probability.

4. The loss of offsite power as an initiating event
is modeled explicitly in an event tree. A
conservatism in the modeling is the assumption
that lcss of offsite power in one unit constitutes
a loss of offsite power in both units.

3=-40



5. The failure of control power for circuit breakers
from the diesel generatcrs to the 4160V buses is
included in the fault tree.

6. Failures of the normally closed breakers
connecting the 4160V buses and 480V buses are not
modeled.

7. Failures of the 4160/480V transformers are not
included in the fault trees.

3.3.1.5 AC Power System Fault Trees

There are several fault trees which model the AC Power
System. The multiple trees were developed to reflect the
importance of the time phasing of the AC Power System during
the LOOP/SBO initiating event. As such, the following
defines briefly the AC Power System fault trees found in
Appendix A. The revised case, or proposed configuraticn
trees are annotated by the prime symbol.

"U" tree:
Normal 480V AC and 125V DC (I-gates) Power System
"UA" & "UA'"™ trees:
Assumes no power at T=0 and failure to recover at 51
minutes
"UB" & "UB'"™ trees:
Assumes no power at T=0 and failure to recover at 90
minutes
"UC" & "UC'"™ trees:
Assumes no power at T=0 and failure to recover at 2
hours
"UD" & "UD'" trees:
Assumes no power at T=0 and failure to recover at 3
hours
"UE" & "UE'"™ trees:
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Assumes no power at T=0 and failure to recover at 4
hours

"UF" & "UF'" trees:
Assumes no power at T=0 and failure to recover at 7.5
hours

"UT" & "UT'" trees:
4160V AC Power loss at T=0 and r~ recover at 51 minutes






$.3.2 DC Power System and 120V AC System
3.3.2.1 Design Criteria

The Class 1E 125V DC System main function is to provide
reliable safety-related (Class 1E) power for the
instrumentation necessary to achieve a safe shutdown while
monitoring unit status.

The Class 1E 125V DC System has the following design bases:

o One independent Class 1E 125V DC and 120V AC wvital
power source is provided for each reactor
protective channel (A, B, C, and D). Each DC load
group is energized by one battery and one battery
charger.

[} Class 1E 125V DC systems are not shared between
units and channels (1, 2, 3, and 4) are separated
to provide full independence and redundancy.

o Cable raceways are not shared by Class 1E and Non-
class 1lE systems.

(e} Class 1E systems are redundant so a loss of one
load group will not prevent the minimum safety
functions from being performed.

o Class 1E batteries (A & B) are sized for 90 minutes
of operation without support of a battery charger.
The chargers are sized for the maximum combined
loads and to charge the battery from the minimum
charged state to the fully charged state (95%) in
12 hours. Batteries C & D are long term batteries
and are designed to last up te 10 hours with non-
essential loads shed.
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The 120V

Class 1E 125V DC supplies power to the vital
inverters and the shutdown cooling inverters in the
event all AC power to that station is lost.

A spare battery charger is provid:d (one per each
unit) to be used when an in-service charger fails
or is shutdown for maintenance.

AC System has the following main functions:

To provide reliable safety-related (Class 1lE)
single phase power to instruments and controls, for
achieving a safe shutdown while monitcring unit
status.

To provide reliable, non-safety related (Non-class
1E) three phase power to uninterruptible power
supplies (UPS) for important-to-safety computers
and instrumentation.

To provide transformed Non-class 1E power o non-
safety related motors, motor heaters and panel
space heaters.

The 120V AC System design basis has Ciass 1E 120V AC system
components are quality class I or II; Non-class 1E
components are quality class III.

3.3.2.2

Figure 3~

System Configuration

6 presents a one~line diagram of the DC Power and

125V AC Power Systems.

The Class 1E 125V DC Distrikution System is powered from

Class 1E

480V AC Trains A & B. There are four safety-
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related Class JE 125V DC Power Distribution Systems provided
for each unit.

Each charger operates in parallel with a 125V DC battery
bank and maintains a float charge on the battery bank.

In the event that power is lost to the charger, the battery
maintains power to the 125V DC distribution bus.

Each distribution bus supplies power tuo a 125V DC engineered
safety features distribution panel, a vital bus power supply
inverter and either an auxiliary relay panel (Train A and B)
or a shutdown cooling suction isolation valve inverter
(Train C and D).

3.3.2.3 System Operatinn

During normal operation the battery charger continually
delivers a DC output equal to the lcad and provides for
normal battery internal losses. 1in this mode, the battery
is in a "float" condition. Unless there is an AC power
failure, the battery is not required to provide power and
remains fully charged.

The capacity of the battery charger is based on the largest
combined demand of all the steady state loads and the
charqging curient required to restore the battery from the
design mirimum charge state to the 95% charged state within
12 hours, regardless of the status of the plant during which
these demands occur.

Each battery bank (of 58 cells) can supply 125V DC power
capable of supporting normal and emergency loads for a
period of 90 minutes at a minimum of 105V DC (batteries C
and D have a larger capacity). In addition, the vital AC
inverters require ccoling from its AC-powered Chiller System
for long~term operation. Failure of the Chiller System
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could result in a loss of the vital AC power buses in
approximately 3-4 hours (if load shedding does not occur) or
up to 7.5 hours (with load shedding). Hence, the DC Power
System has a long-term dependency upon the AC Power System.

3.3.7.4 Loss of Offsite Power and Station Blackout Event

System Response

Following a loss of offsite power evenc, the DC Power and
the 125V AC Power Systems will continue to provide power to
the various loads. Should a loss of AC power to the battery
chargers occur (i.e., station blackout), power will continue
tc be transmitted to the loads via the batteries. Batteries
A and B can continue for up to ninety minutes with these
conditions and batteries C and D, proviu.ng proper loads
have been shed, can continue for up to 10 hours.

success Criteria

The DC Power System is provided to ensure continuous power
for ESF loads (i.e., 120V AC vital buses) during the
LOOP/SBO. The 120V AC vital buses provide power to vital
instrumentation systems raquired for monitoring vital
parameters during the loss of offsite power and station
blackout.

Fault Tree Modeling Assumptions

The assumptions used in the development of the fault trees
for the DC Power System are listed below:

1. The major failure modes of DC puwer sources
considered include the battery being unavailable
and failure of the battery charger to operate,
given insufficient power from the battery.
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2. The breakers from the motor control centers to the
battery chargers and those from the battery
chargers to the DC buses are normally closed and
are not modeled.

.2.5 DC Power System and 120V AC System Fault Tree

DC Power System fault tree is included with the 480V AC
tree presented in Appendix A. The DC power portion of
"U" tree is designated by "I."
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3.3.3 Auxiliary Feedwater (AFW) System

3.3.3.1 Design Criteria

The SONGS~-2 AFW (ystem has the following main functions:

o

The AFW Systemr

To provide feedwater tc the steam generators
during normal plant startup and shutdown.

To automatically provide feedwater to the
steam gererators during emergency conditions
for reactor decay heat removal and to cool
down the Reactor Coolant System (RCS).

has the following design bases:

The AFW System, operating in conjunction with
the steam generators, (1) removes sufficient
heat from the reactor core and coolant under
loss ¢ main feedwater conditions to prevent
a potential radioclogical accident from
occurring through partial or tempuorary
uncover.ng of the fuel, and (2) reduces the
reactor coolant temperature to the pnint that
the Shutdown Cooling System may be placed .n
operation.

The AFW System is designed so that a single
failure, assuming a loss of either offsite or
onsite power, cannot impair the ability of
the system to comply with the above stated
design basis,

The AFW System is designed to remain
functional during and/or following adverse
environmental conditions, such as
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earthquakes, flooding, pipe whip and jet
inpingement from high energy line breaks, and
irnternally or externally generated missiles.

o The AFW System is designed with diverse
motive power supplied to the pumps and
control valves.

o Design considerations of the feedwater piping
and steam generator feed are intended to
preclude the occurrence of hydraulic
instabilities.

=] The AFW System supplies feedwater to the
steam gererators during normal startup,
shutdown, het standby, and low flow test
conditions.

3.3.3.2 System Configuration
Figure 3-7 presents a simplified P&ID of the AFW Systen.

The AFW System is comprised of three 100% capacity auxiliary
feedwater pumps, and associated piping, valves,
instrumentation, and controls. Twc of the pumps, P-141 and
P-504, are drivel by electric motors with each pump's
discharge piping lined up to one of the two steam
generators. The third pump, P-140, is driven by a steam
turbine and its discharge is connected to both steam
generators via the same piping used by the motor-driven
pumps .

Each of the three AFW pumps takes suction from condensate
storage tank, T-121, through separate suction lines. Makeup
is from non-seismic catogbry I condensate storage tank, T-
120, which is connected to the first tank by a suitable
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piping system allowing for gravity flow. Although tank T~
120 is non-seismic category I, the walls of the enclosure
are designed to Seismic Category I conditions. This makeup
system allows a total of 350,000 gallons, which is the
anticipated makeup demand requirement for 24 hours following
a design basis event, to be available for the AFW System.

The AFW motor-driven pumps discharge through independent
check valves and isolation valves to the AFW flow control
valves. Chack valves are located close to the discharge of
the motor-driven pumps to prevent backflow through either
pump. Backflow through the steam-driven pump is prevented
by check valves located in each of its two discharge lines
that interconnect with the motor-driven pump discharge
lines.

A recirculation line from each pump discharge pipe is
directed back to the condensate storage tank T~121. Each
recirculation line is sized to pass a continuous minimum
flow of 100 gpm.

The discharge lines from the motor-driven auxiliary
feedwater pump trains are equipped with AC motor-operated
control valves (HV=4712 and HV-4713) and AC electrohydraulic
bypass control valves (HV-4762 and HV-4763). Discharge lines
from the turbine-driven pump are equipped with DC motor-
operated control valves (HV-4705 and HV=4706€).

Flow is directed from the contrel valves tc two parallel
containment isolation valves provided in each AFW line to
each steam generator. One isclation valve to each pair is
AC electrohydraul ic-operated (HV-4714 and HV-4721): the
other valve pair is DC motor-operated (HV-4715 and HV=4730).
This arrangement assures a flowpath to at least one steam
generator should a valve failure occur concurrent with a
loss of AC or DC rower.
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Each auxiliary feedwater line then passes through the
contairment wall and connects to a main feedwater line
between the main feedwater check valve and the steam
generator inlet nozzle. The AFW lines are also provided
with check valves located as close as practical to the steam
generator inlet nozzles. The cneck valves provide for
system separation and reduce the likelihood of a steam
generator blowdown should a2 main or auxiliary feedwater line
break occur.

All remotely actuated AFW pumps and valves can be remote
manually controlled from the control room using hand
switches lccated at panel CR-52. Romote manual control of
system pumps and valves is performed during normal plant
startups and shutdowns or for testing if control room
control is unavailable.

3.3.3.3 System Operation

The Auxiliary Feedwater System is controlled auto.atically
by the emergency feedwater actuation signal (EFAS).
Initiation of an EFAS automatically actuates the AFW System
to provide auxiliary feedwater supply to the steam
generators cn low steam generator water level (<25%). When
an EFAS signal is generated, the turbine-driven pump (P-140)
and the corresponding motc—-driven pump (P-141 or P-504)
dedicated to the stean generator that is initiating the
signal are automatically started. To deliver flow to the
affected steam generator, auxiliary feedwater contiul valves
and isolation valves are fullv opened. When steam generator
level increases to 30%, a signal is generated to close the
control valves that provide AFW flow to that generator.

When the level in the generatcr again drops below 25%, these
contrel valves are cutomatically reopened. Initiation of a
main steam isolation signal (MSIS) automatically shuts all
remotely actuated auxiliary teedwater control valves and
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isolation valves unles: an EFAS signal is present. A MSIS
is actuated following a rapid uecrease in steam generator
pressure. Should an auxiliary feedwater control valve
receive an EFAS, the MSIS to the valve is blocked locally at
the equipment, allowing the valve to be controlled by the
EFAS logic.

Actuation of both a MSIS and an EFAS is an indication of a
ruptured steam generator. Should this event occur, the EFAS
logic automatically isolates auxiliary feedwater flow to the
ruptured steam generator and controls flow to the intact
steam generator.

If necessarv, one motor-driven pump may be aligned to feed
either of the two steam generators or both simultaneously by
opening manually-operated isolation valves V-634 and V-635
in the 4" cross~-tie that connects the two discharge lines of
the motor-driven pumps.

All remotely actuated Auxiliary Feedwater System valves can
be hand-operated should control power to the valves be lost.

The electrical power dependencies for each of the components
described above are listed in Table 3-2.

The support systems upon which the AFW System is dependent
are listed in Table 3-3,

3.3.3.4 loss of Offsite Power and Station Blackout Event

System Response

Following a loss of offsite electrical power, the AFW System
will respond upon a loss of main feedwater and subsequent
decrease in steam generator level with both moter-driven
pumps, being powered from the onsite emergency diesel
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generators, and the turbine-driven AFW pump. Should both
diesel generators be unavailable, the plant will be in a
blackout condition. Steam generator inventory will continue
to be supplied via the turbine-driven AFW pump. Nirety
minutes from the start of the blackout condition Battuiries
"A" and "B" will be depleted, resulting in a loss o’ cont:
power to the AFW control valves. The control valves can be
manually overridden by the operators and flow maincained to
the steam generators.

Loss of AFW for more than 51 minutes following a trip
results in the steam generators boiling dry.

Success Criteria

Following 2 loss of offsite power/station blackout at least
one AFW train is required to function successfully.

For AFW train "X" to function successfully during a
LOOP/SBO event:

B EFAS "X" (A and B signals) must be actuated either
automatically or manually.

2, At lea=_ one AFV pump must start and continue to
run for 24 hecurs.

3. At lesst one "functional" steam generator must be
available for decay heat reroval (a functional
steam generator is defined as one which does not
beil dry or suffer permanent loss of heat removal
capability due to the accumulation of non-
condensable gases in the steam generator U~tubes).

4. Discharge from the pump must be delivered to at
least one functional steam generator.
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S. Support systems and power supplies must be
. operating.
Fault Tree Modeling Assumptions

The acssumptions used in during the construction of the fault
tree are listed below:

1.

Flow diversion to the Main Feedwater System is
included ir the fault tree. Howeve:, multiple
check valve failures are involved and the
probability is negligible.

Pump room cooling failure is not modeled, since a
test was performed that indicated the room
temperature would not exceed the operable limits
associated with the AFW System turbine trip
controls when the turbine-driven pump was in
opcration.[33] The motor-driven pumps are
qualified for temperatures expected following a
stear line break in the AFW pump room.

Insufficient AFW flow from the turbine-driven pump
(P140) tc the steam generators could occur if one
safety relief valve per steam generator sticks
open (i.e., worst case condition). This would
uupressurize both steam generators; resulting in
twc possible situactions. The first is that both
steam generators depressurize to less than the
required 65 psia needed to drive the AFW turbine-
driven pump. Secondly, since both safeties are
stuck open, the generators dep.essurize at roughly
the same rate; reaching the EFAS setpoint at the
same time. However, since neither generator i» at
least 50 psia greater than the other and each
steam generator's pressure would probably be lower
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3.3.3.5

than 729 psia, the EFAS logic would not generate a
signal; thus AFW would not be provided to the
steam generacors.

Failure of the turbine~driven pump to operate due
to overfill of the steam generators causing water
intrusion into the turbine is included.

The failure oy motor-operated valves 4705, 4706,
4712, and 4713 during the process of cycling on
and off is included in the fault trees as
aggregated basic events. Failure of isolation
valves 4730, 4714, +~731 and 4715 to cycle open on
subsequent. demands is not included since the
valves are in parallel and it would take both to
fail (per train).

Flow diversion through two or more check valves is
not considered because of its lov probability.

It is assumed that AFW flow must be initiated
within 51 minutes to avoid steam generator boil

dry.

AFW System Fault Tree

The base fault tree presented in Appendix A was developed to
model the AFW System responsa2 to a LOCP/SBO event.

The system is designated by the letter "L" for the normal
AFW System with all 3 pumps modeled. The "LA" tree

represents

the AFW Syster with only the turbine driven pump,

to refl=ct AFW cperation during a station blackout
condition.



Motive Power Control
Power
Component Supply Supply
Motor-driven Pump P~141 2A04 2D1
Motor-driven Pump P-504 2A06 2D2
Turbine-driven Pump P-140 Steam *
HV-4713 2BE *
HV=4763 2BR *
HV=4712 2B2 *
HV-~4762 2BR *
HV=-4705% 2D1 *
HV=4706 2D2 *
HV=4730 2D1 *
HV=-4731 2BE *
HV 4714 2BZ *
HV-4715 2D2 *
HV=4716 2D2 *

Table 3-2

Power Dependency Table
AFW System

* Control power for these devices is derived directly
from the motive power source



Table 3-3

Support System Dependency Table

AFW System

Support System _DRependent? Remarks

Offsite AC Power Y

Emergency AC Power Y Necessary only when
offsite AC Power
is unavailable.

DC Power Y

ESFAS Y

CCW N

SWCS N

Chilled Water N

Instrument Air N

Room Cooling N
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3.4 Input Data Development For Base Case

A reliability assessment will yield results that are
consistent with the level of detail supplied from the data.
That is, the analysis is only as good as the data used in
the development of the fault trees. Data is broken down
into 4 main categories: initiating event frequency data,
component failure data, dependent failure data, and human
reliability data. The data used for this analysis is
presented in this section.

3.4.1 Initiating Event Frequency Data

Loss of Offsite Power

The frequency of loss of offsite power initiating event used
is taken from NSAC/85 (6] and is 0.045/yr. This value is
slightly lower than that used in other PRAs as indicated
below, however this value is based upon most recent
electrical grid experience.

PRA Study Frequency of Loss of
Qffsite Power

zion 5.8 x 1072

Indian Point 2 1.8 x 1073

Indian Point 3 2.7 x 1073

Seabrook 1.4 x 1071

Oceonee 4.0 x 10”2 (Grid)
1.3 x 1072 (Substation)

3.4.2 Component Data

The mission time used for all components whose failure
probability is time~-related is 24 hours.



The major sources of component failure data include:

IREP procedures guide

WASH~1400

Limerick PRA

Cak Ridge AC power reliability study
(NUREG/CR=2989)

Calvert Cliffs IREP study (NUREG/CR-3511)
Shoreham PRA

Judgment

NSAC/85

Plant Operating Experience

o 0 0o O

O 0 0 0 O

Table 3-4 lists a summary of the generic unavailability data
used in this analysis.

The following sub-sections highlight the assumptions
considered in the process of developing the data base.

3.4.2.1 Component Failure Data

Yalves

Failure rates (both per demand and per hour) and associated
error factors for valves, air-operated valves, check valves,
manual valves, safety valves, and relief valves are taken
directly from the generic data base defined in the IREP
procedures quidc.fl]

Pumps

Failure rates (bcth per demand and per hour) and associated
error factors for motor-driven pumps and turbine-driven
pumps are taken directly from the generic data base defined
in the IREP procedures quido.tl]

3=K2



Riesel Generators

Failure rates (both per demand and per hour) and associated
error “actors for diesel generators are taken directly from
a study performed by Oak Ridge National Laboratory. (4]
However, it should be noted that data specific to the diesel
generators used at SONGS-2 is not available. This is due to
the use of tandem diesel generators at San Onofre which were
chosen fer their high reliability, but is a unique design
with insufficient performance data available.

ESFAS

Failure rates for the ESFAS subsystems are taken directly
from a previously performed San Onofre Unit 2 ESFAS
reliability Study[lol. The calculated failure rates are
divided into common cause and independent failure rates for
incorporation into this study as shown:

Mean Independent
ESFAS Unavailability Common Cause Train

Subsystem ____ Per Train __  Unavailability Unavailability

EFAS~1, 9.42x10"4 g.9x10"4 5.2x10°°
EFAS-2

Instrument Al

Valves requiring instrument air in order to operate are
given a failure condition upon loss of instrument air. Only
those valves which fail in an unsafe condition relative to
core melt are modeled for this failure. The instrument air
failure rate was chcosen using engineering judguent to be
1.0x10"? per demand.



conditional lLoss of Offsite Power

As a result of the turbine-generator trip resulting from a
plant transient, there is a probability that the utility
electrical grid might be de-stabilized, resulting in a loss
of offsite power at the plant. A value of 1.0x10™3 per
demand was used, which is consistent with that assumed in
WASH=1400.

Inverter Failure Due to Temperature Conditions(2°)

Under high inverter room temperature conditions (i.e.,
outside air temperature > 72°F) the inverters will fail due
to overheating if AC power is not restored within 4 hours.
Additionally, if inverter room temperature is low (i.e.,
outside temperature is < 72°F) then AC power must be
restored within 7.5 hours to prevent inverter failure due to
overheating. To determine the probability of the outside
ambient temperature exceeding 72°F during any hour of the
year, the following calculation was performed:

PT > 72°F = Summation of (# hours > 72°F per average day/24)/12
PT > 72°F = 0.17

This value represents the basic event JIVTHIGH found in the
2C fault tree. The probability of outside temperature being
less than 72°F is determined by:

1 -0,17 = ,83

Eighty-three percent of the time temperature will be < 72°F.
This is the JIVTLOW event on the ZC fault tree.

EFAS Valves Fajlure to Reopei)

AFW discharge valves are given a failure to re-open on
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subsequent demands. That is, since they are cycling valves,
they are subject to multiple open/close demands after the
initial open/close signal. A failure rate of 1.0x10"3 per
demand was chosen to reflect these subsequent cycling
demands.

3.4.2.2 Test and Maintenance Data

The contribution of testing to system unavailability is

generally insignificant compared with that due to the

maintenance, because of the relatively shorter duration
associated with testing and the fact that components under
test are normally available to respond upon demand, if
required. Only maintenance unavailability is included in
the fault tree models.

Motor-Operated Valves

The frequency of maintenance of motor-operated valves is
assumed to be 3.6 x lo's/hour with a duration of 7 hours. (%]
The unavailability of motor operated valves due to
maintenance is thus:

3.6 x 10'6/hour X 7 hours = 2.5 x 10~°

Pumps

No distinction is made between the maintenance
unavailability for the motor-driven pumps and that for the
turbine-driven pumps. Pump maintenance data from the
Calvert Cliffs IREP was used. The turbine-driven AFW pump
had the highest maintenance unavailability of all standby
safety pumps, and this value was used for San Onofre. Based
upon the Calvert Cliffs data, the frequency of maintenance
of pumps is 4.6 x 10"/hour and the maintenance duration is



8 hours. The unavailability of pumps due to maintenance is
thus:

4.6 x 10"%/hour x 8 hours = 3.7 x 10~

Riesel Generators

The maintenance unavailability value selected for the diesel
generators is 2.4 X 102, This is based on plant specific
empirical data of two diesel generators being unavailable
due to maintenance for 440 total hours per 18,324 hours in
Mode 1.

Unit 3 diesel generators 3G002 and 3G003 (which are
considered as alternate power sources for Unit 2) can also
be in maintenance due to the unit being in a shutdown
outage. A value of 0.15 was chosen based on Unit 3 having a
70% capacity factor, resulting in the Unit being in an
outage the remaining 30% and subsequently each diesel
generator being unavailable half of that time.

3.4,2.3 Recovery Data

As noted previously, egquipment recovery is considered only
for equipment failures that are dominant contributors to
core damage. In particular, offsite pover, diesel
generator, and auxiliary feedwater turbine-driven pump are
considered.

Recovery of Offsite Power

Several critical times associated with the recovery of
offsite power are used as discussed previously. For
recovery activities within 10 minutes after the loss of
offsite power, the probability of non-recovery is estimated
to be 0.75, based on NSAC 85. Similarly, the following
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table is precrented to show the probabilities of non-recovery
for the other critical times analyzed in this study:

TIME NONRECOVERY PROBABILITY
51 minutes 0.33
90 minutes 0.20
2 hours 0.14
3 hours 0.09
4 hours 0.07
7.5 hours 0.02
Repair of Diesel Generators

For station blackout conditions, the ability to use
compressors to provide backup starting air is lost. 1In
addition, the station batteries that provide control and
excitation power for the diesels have a lifetime of 90
minutes under blackout conditions.

Bottled N, gas can be used in the event of station blackout
to recharge to starting air compressors to an acceptable
level. The use of bottled gas is a common maintenance
practice, but is not formally incorporated into the plant's
emergency operating procedures. For the purposes of this
study, the probability of non-recovery of the diesel
generators under station blackout conditions was estimated
to be 0.94 for recovery by T=51 minutes and 1.0 for T=2.5
hours. The T=51 minutes value was calculated using the
exponential repair model), assuming the mean time to repair
for diesel generators is 13 hours.

For uncomplicated reactor trip, LOCA, and steam line break
conditions, it is assumed that one diesel generator can
start and provide sufficient AC power for the compressor to
fill up a depleted air receiver and to provide charging
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power to the station batteries. For repair of a failed
diesel generator within 10 minutes, a probability of non-
repair of 1 is used. For repair within 51 minutes, a
probability of non-repair of 0.94 is used (based upon the
exponential repair model discussed above).

Turbine-driven Aw Jliary Feedwater Pump Recovery

It is e3..imaced that of all the start failures related to
the turkinn-driven AFW pump, 80% are of the type that can ke
recovered piior to the steam generator boiling dry. To
develop the AFW pump non-recovery probability it was further
assumed tnat of the recoverable-type start failures, 95% of
the attempted recoveries will be successful. Therefore, the
non-recovery probability is:

1 - (.80 X .95) = 0.24
3.4.3 Dependent T2ilure Data

A limited number of common mode failures were included in
this study, particularly for diesel generatcrs, motor-driven
pumps and valves. It should be noted that these common mode
failures are not modeled in the fault trees, but rather are
included by the FTAP POSTPROCESSOR. Beta factors used in
this study are presented in Table 3-5.

Diesel Generators

For diesel generator failures (start and run), data from the
Shoreham PRA[®] indicates a dependent failure probability of
a second diesel generator failing given the first diesel
generator fails is 0.188. A second source, EPRI NP-3967,
"Classification and Analysis of Reactor Operating Experience
Involving Dependent Events," [22) jndicates a second diesel
generator dependent failure probability as 0.05. It is
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believed that these sources of information represent the
upper and lower bounds of true diesel dependency failures.
Therefore, for this analysis, the dependent failure
probability is assumed to be 0.12, to more accurately
reflect the true failure dependency. Further, for failures
of the third and fourth diesels, a conditional failure
probability of 0.25 and 0.5 was assumed, respectively.

Pumps

For common mode pump failures (i.e. AFW), a "Beta factor"
model was assumed, where Beta is set equal to 0.1,
Hence,the common mode failure probability of two pumps is
assumed to equal

(.1 P(1 pump) + P(independent failure of two pumps))

Since the failure to start probability of one motor-driven
pump used in this study was 3 x 10'3, the common mode
failure probability used was 3.1 x 1074,

Valves

Common mode valve failures were modeled in detail for the
AFW system. Common mode failure of multiple motor-operated
and hydraulic-operated valves were considered using a
simplified "Beta factor" approach. The probability of a
single valve failure in this study is 3 x 1073, For
simplicity, it was assumed that failures of two similar
valves would occur at a frequency corresponding to 0.1 times
the probability of a single valve failure or 3 x 1074,  For
combinations of three or more similar valves, the common

mode failure probability was assumed to be 3 x 1073,



Failure of Two or More Steam Generator Safety Valves

Following a reactor trip with the Steam Bypass Control
System (SBCS) unavailable, the steam generator safety valves
will slowly cycle open and closed to remove decay heat.
Based upon the IREP Procedures Guide data base, the
probability of a single safety valve failing to reclose is
0.01 per demand. It is assumed that failures to reclose on
subsequent demands, given a successful reclosure following
the first demand, are much less likely.

For failures of two or more safety valves to reclose a beta
factor of 0.1 was assumed. Hence, the probability of two or
more failures was calculated as follows:

P(2 or more valves) = Beta (P(1 valve)) + (P(1 valvc))2
= 0.1 (0.01) + (0.01)%
= 1,1x1073

3.,4.4 Human Reliability Data

Manual Actuation of EFAS

The critical time to provide actuation for this system under
the station blackout initiating event is at least 30
minutes. Since emergency operating procedures instruct the
operator to manually actuate those systems if automatic
actions fail, an error probability of 0.003 is used based
upon Ref. 15 guidelines.

Qperator Action to Cross Connect the Motor-Driven AFW Pump
Rischarge Lines

The critical time available for the operator to cross-tie
the AFW System is determined by the relative short time
period before steam generator dryout. The actual steps
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involved in conducting this operation are not
proceduralized, however, there is a high degree of awareness
of the existence of t"~ cross-tie line and its associated
valvesi, Therefore, a failurc probability of 0.25 was used
for this effort which takes into account the time for the
initiating event to actuate the AFW System, time for the
operators to diagnose a problem with the AFW System and
promulgate a decision to cross-connect the discharge lines,
time to read the P&ID's to verify valve number and issue the
order to open the valves, and time for the operators to get
to and open the two manual valves.

Qperators Overfill Steam Generators

An overfillad steam generator will effect the operability of
the AFW turbine-driven pump since it is assumed the turbine
will not function under water flow conditions. 1In order to
overfill the steam generators, the operators must fail to
recognize that an overfill is occurring and fail to take
corrective action. A conservative failure probability of
1.0x10"7 per demand was chosen. It is consistent with other
values used in this study for multiple and complex action
steps required by operators under strossful situations.

3.5 Input Data Development for the Diesel Cross-Connect
Modification Case

In support of the proposed modification, new data was added
to the fault trees to reflect the diesel cross-connect
capability. Only data unigue to this case study is
presented here. That is, data which is common to both this
case and the base case is presented in Section 3.4.



3.5.1 Test and Maintenance Data

'I' Riesel Generators

One of the changes made to the trees was the value selected
for the maintenance unavailability of the diesels. The
value selected is based upon a 60 day maintenance
unavailability per diesel per year. Thus, the maintenance
unavailability is 1.6 x 10"1, sSeveral other values were
chosen for sensitivity studies. This was based upon
maintenance unavailabilities of 30, 45, 75 and 90 days.

3.5.2 Human Reliability Data

|
The opera*or, in the event a diesel becomes inoperable, will
ba directed to shift the diesel cross-connect switch to auto to
enable the automatic circuitry. The probability of failure

. to tie-in the appropriate Unit 3 diesel generator is assumed |
to be based on the following information taken from
NUREG/CR 1278(15]; ‘

(Procedure with > 10 steps) X (Individual to check step) X
(stressful situation) = (.01) X (.1) X (5) = 0.005,

3=72
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Component and

Failure
Modes

Diesel Generstors

fFallure to

Stert

Failure to Run

Unaveil.
te Maint.

Unaveil .
to Raint.

Invarters

Fallure to

Operate

Battery Chargers

Failure to

Operaste

Iinverters

failure to

Operate

Cables

Short or Open

Fallure
Per
Demana

Feilure
Rate

2.3¢-3

fable 3-4 (Continued)

Rission
Time

24 hrs.

26 .4 hrs

26 .4 hrs

24 hrs.

24 hrs.

246 hrs.

24 hrs.

Mean
Unavail -
ability

6.6E-3

Error
fFactor

10.90

te.90

10.0

Ref.

-

plant -
specific

plant-
specific
data



Table 3-5

Beta Factors Used In This Study

BETA(B) FACTORS
COMPONENT (MEAN VALUE)

Diesel Generators

o For two failures 0.12

© For more than two failures 0.25

© For three or more failures 0.5
Motor Operated Valves 0.1

(two or more failures)

Mctor Operated Pumps 0.1
(two or more failures)



4.0 RESULTS

4.1 Overview

This section presents the results of the comparative

reliability assessment regarding the SONGS Units 2 and 3 Emergency
AC Power System as currently configured and with a proposed
diesel generator cross-connect modification., Fault tree models
depicting component fajilures and interaction commensurate with
the facility's configuration, following a loss of offsite power
(LOOP) iritiating event, were quantified using industry accepted
computer codes. Results of the analytical computations in terms
of "mean system unavailability" yield an overall probability of
failure per reactor-year. Trailure, in this context, is

defined as core melt resulting from inadequate heat removal in
which fuel melting occurs. Consequently, "mean systen
unavailability"™ is synonymously raferired to as the pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>