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LEGAL NOTICE

This report was prepared as an account of work
sponsored by Combustio’ Engineering, Inc., Neither
Combustion Engineering nor any person acting on its
behalf:

a. Makes any warranty or repre:entation, express
or implied including the warranties of fitness for a
particular purpose or merchantability, with respect to
the accuracy, completeness, or usefulness of the
information contained in this report, or that the use
of any information, apparatus, method, or process
disclosed in this report may not infringe privately
owned rights; or

b. Assumes any liabilities with respect to the
use of, or for damages resulting from the use of, any
information, apparatus, method or process disclosed in
this report.



SUMMARY OF SUPPLEMENT 1

The NRC has requested that utilities owning C-E supplied NSSS plants
without power operated relief valves provide a plant specific
evaluation of the "rapid depressurization and decay heat removal
capabilities" of their plants and respond to a series of questions
(Appendix A). The following questions extracted from the list in
Appendix A request a probabilistic evaluation of the potential change
in risk that would result from adding power operated relief valves to
these plants. This change in risk can be incorporated into a value-
impact evaluation. The brief answers presented for these questions
provide a synopsis of the analyses that are contained within this
document. These results are specific to the San Onofre Nuclear
Generating Stations Units 2 and 3 (SONGS). Answers to questions 1-7,
8¢ and 12-14 are provided in CEN-239 (28).

Question 8: For extended loss of main and auxiliary feedwater cu.se
where feed/bleed would be a potential backup:

a. What is the frequency of loss of main
feedwater events; break down initiators that
affect more than MFW, e.g., DC power?

b. What is the probability of recovering main
feedwater? Provide your bases such as
availability of procedures and the human
error rates?

c. What is the probability of losing all
auxiliary feedwater (given Item a)? Include
considerations of recovering auxiliary
feedwater as well as common cause failures
(including those which could affect main
feedwater availability and support system
dependencies) and failures that could be
hidden from detection via tests?



d. What is the uncertainty in the estimates
provided for a), b) and ¢)?

e, How long would it take for core melt to
initiate?

Were core to melt under these conditions,
what is the likelihood of steam generator
tube rupture(s) due to steam pressure from
slumping core?

g. Characterize the consequences from core melt
events of e) and f).

Response to Question 8:

A review of operating experience and a fault tree analysis
were performed to determine the frequency of loss of MFW
events. The analysis was completed on a plant specific
basis and the results of the analysis are quantified by a
statistical distribution which represents the frequency of
loss of MFW. For SONGS, the initiating event frequenrcy can
be expressed in terms of a median value of 1.23 events per
year with an associated error factor of 3. The error factor
is defined as the ratio of the 95th to s50th percentile,

The median value represents the estimate that, considering
uncertainty, would be expected to be higher *“Yan the true
value with 50% confidence. The associated error factor is a
ratio, as defined above, which when multiplied with the
median estimate yields an upper bound estimate wnich would
be expected to be higher than the true value with 95%
confidence.

These results were further incorporated into an extensive
evaluation of the core damage frequency due to loss of the
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secondary heat sink. The analysis included an investigation
of the potential for recovering feedwater. The core damage
frequency contribution resulting from a loss of the
secondary heat sink was evaluated for the current plant
design which includes low pressure pumps (condensate pumps)
for secondary heat removal following SG depressurization but
has no PORVs, and for an alternative plant design which does
not credit the alternate secondary heat remcval capability
but includes PORV depressurization and decay heat removal
capability, The resulting core damage frequencies for SONGS
are 3,1E-7 per year with an associated error factor of 21
without PORVs and 1.6E-7 per year with an associated error
factor of 28 with PORVs.,

The core damage frequency for loss of heat sink events was
also evaluated 2ssuming no alternate secondary heat removal
capability and no PORV depressurization and decay heat
removal capability. The resulting core damage frequency was
estimated to be 2.1E-6 per year with an associated error
factor of 19.

The complete analysis is presented in this report.

Question 9: What is the risk from steam generator(s) tube
failures? As a minimum, consider the following:

a. Scenarios leading to core melt from one or
more steam generator tubes failing in one
steam generator. Include paths which
consider failure of relief or safety valve in
the faulted steam generator, capability of
(or loss thereof) to depressurize the
secondary side, the role of the ECCS
including inventory and Boron availability,

b. What is the frequency of steam generator tube
ruptures in two steam generators? This
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estimate should include consideration of
common cause failures such as design errors,
events resulting in extremely high AP across
the tubes, aging, etc. If tubes were to fail

in both steam generators, what is the
probability of core melt and generally
characterize the consequences.

¢. For a) and b) above, discuss the likelihood
of steamlines filling with subcooled water
and any consequential failures.

d. For a) and b), discuss uncertainties
including human error rates (carefully
considering the clarity and unambiguity of
procedures ).

Response to Question 9:

The frequency of the SGTR accident sequences which could
potentially lead to core damage were statistically combined
into two categories: 1) scenarios resulting from SGTR in
one or two steam generators assuming offsite power was
available and 2) scenarios resulting from SGTR in one or two
steam generators with a coincident loss of offsite power.
The complete analysis (which includes a detailed evaluation
of each accident sequence) is presented in this report.

The core damage fregquency contribution due to SGTR in one or
two steam generators for SONGS assuming offsite power is
available can be expressed in terms of a median value of
1.5E-5 per year with an associated error factor of 5. The
error factor is defined as the ratio of the 95N to s0th
percentile. The core damage frequency contribution due to
SGTR in one or two steam generators with coincident loss of
offsite power is estimated to be 1.5E-6 per year with an

associated error factor of 11.
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The decrease in core damage frequency due to the added
depressurization capability of PORVs was determined to be
negligible compared to the core damage frequency
contribution from all other SGIR accident sequences.

The 1ikelihood of steam lines filling with subcooled water
during a SGTR was also investigated. The total frequency of
sequences that could possibly lead to SG overfill conditions
was determined to be approximately 2.5E-4 per year (median
value) with an associated error factor of 7 (ratio of

95theo soth percentile).

Question 10: What is the core melt frequency from PORV initiated
LOCA? Characterize the consequences?

Response to Question 10:

The core damage frequency due to PORV initiated LOCA was
evaluated based on a plant design which would be assumed to
provide increased RCS decay heat removal and depressur-
fzation capability. In this design, the PORVs are manually
opened and the plant is assumed to operate with the PORV
block valves closed which tends to minimize the risk
associated with PORV LOCA., The results of the analysic are
quantified by a statistical distribution representing the
core damage frequency of PORV LOCA. The core damage
frequency contribution due to PORV LOCA can be expressed in
terms of a median value of 7.2E-8 per year with an
associated error factor of 10. The error factor is defined
as the ratio of the 95th ¢o soth percentile, If

automatic actuation of the PORVs were to be assumed and if
the plant were to operate with the block valves open, the
core damage frequency contribution due to PORY LOCA would
become 7.9E-7 per year with an associated error factor of 9.



Question 11: What is the net gain (or loss) in safety considering 8,
9, and 10 above if PORVs were to be installed? Are
there any additional benefits (or drawbacks) achieved
by installing PORVs? Examples of potential benefits
are mitigation of ATWS and pressurized therma! shock,
and reduced risk associated with depressurized primary
system during a core m | ..

Response to Quastion 11:

The overall change in core damage frequency (net gain or
loss in safety) due to the installation of PORVs was
determined by examining only those events which were
considered to significantly contribute to an increase or
decrease in the total core damage frequency. The core
damage frequency contribution due to LOHS events and PORV
LOCA is impacted by the presence of PORVs while the change
in SGTR core damage frequencies does not contribute to a
net gain or loss in safety. The calculation was performed
with the SAMPLE code at the sequence level to account for
dependencies between the sequences. The result indicates a
negligible decrease in total core damage frequency due to
the installation of manually actuated PORVs (less than

1.0E-8 per year).

If automatic actuation of the PORVs were to be assumed and
if the plant were to operate with the block valves open, the
result would indicate a net increase in total core damage
frequency of 6.1E-7 per year (median value).

It should be noted that the above values are very small
compared to the proposed NRC safety quideline of 10-4
core melts per year,
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LIST OF ACRONYMS

ADV Atmospheric dump valve

ADS Atmospheric dump system

AFW Auxiliary feedwater

AFWS Auxiliary feedwater system

ATWS Anticipated transient without SCRAM
BPS Blowdown processing system

CCAS Containment cooling actuation system
CCW Component cooling water

CCWS Component cooling water system

CEA Control element assembly

CEDM Control element drive mechanism

CEOG Combustion Engineering Owners Group
CIAS Containment isolation actuation signal
CSAS Containment spray actuation signal
CS Containment spray

CSS Containment spray system

CvCcs Chemical and volume control system
DG Diesel generator

ECCS Emergency core cooling system

EDS Electrical distribution system

EFAS Emergency feedwater actuation system
EFW Emergency feedwater

EFWS Emergency feedwater system

ESF Engineering safety features

ESFAS Engineering safety features actuation signal
FSAR Final Safety Analysis Report

FWCS Feedwater control system

gpm Gallons per minute

HEP Human error probability

HP High pressure

HPSI High pressure safety injection

HX Heat exchanger

LOCA Loss of coolant accident

LOHS Loss of secondary heat sink

LoopP Loss of offsite power

MCC Motor control center
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LIST OF ACRONYMS

(continued)
MFW Main feedwater
MSIS Main steam i=olation signal
MSIV Main steam isolation valve
MSSV Main steam safety valve
NRC Nuclear Regulatory Commission
NREP National Reliability Evaluation Program
NSSS Nuclear steam supply system
PLCS Pressurizer level control system
PORY Power operated relief valve
PPCS Pressurizer pressure control system
PPS Plant protective system
psia Pounds per square inch, absolute
psig Pounds per square inch, gage
PTS Pressurized thermal shock
RAS Recirculation actuation signal
RCP Reactor coolant pump
RCS Reactor coolant system
RPS Reactor protective system
RWT Refueling water tank
SBCS Steam bypass control system
SBLOCA Small break loss of coolant accident
SCS Shutdown cooling system
SG Steam generator
SGTR Steam generator tube rupture
SIAS Safety injection actuation signal
SONGS San Onofre nuclear generating stations
TBY Turbine bypass valve
TBS Turbine bypass system
TCV Turbine control valve
1T Turbine trip
THOT Reactor coolant system hot leg temperature
vCT Volume control tank

ACD Core damage frequency

viii
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1.0

1.1

1.2

PROBABILISTIC RISK ASSESSMENT OF THE EFFECT
OF PORVs ON DEPRESSURIZATION AND
DECAY HEAT REMOVAL

INTRODUCTION

PURPOSE

The NRC has requested that utilities owning C-E supplied NSSS plants
without power operated relief valves provide a plant specific evaluation of
the “rapid depressurization and decay heat removal capabilities" of their
plants and respond to a series of questions originally forwarded to C-E

(1) (Appendix A).

The objective of the work reported herein is to develop responses to the
NRC questions for San Onofre Nuclear Generating Station, Units 2 and 3.

APPROACH

The NRC questions cover a wide range of topics, not all directly related to
the subject of depressurization and decay heat removal. The work reported
herein provides responses to questions 8 through 11 (Appendix A).

Responses to the other questions are being addressed separately.

Questions 8 through 11 request information regarding the probability of
core melt due to loss of heat sink, PORV LOCA, and steam generator tube
rupture. This report provides this probabilistic information. In
addition, the questions include numerous requests for information
concerning physical phenomena associated with core damage or "degraded
core" conditions, C-E believes it is appropriate to fully answer these
questions only after 1) the probabilitly of C-E plants experiencing such
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1.3

degraded core conditions has been quantified (including appropriate
evaluation of capabilities of existing equipment to functi.on beyond their
design bases tn prevent or minimize core damaje) and, 2) this probability
has been shown to be higher than a commonly accepted standard or goal.

BACKGROUND

The eariy C-E NSSS designs used Power Operated Relief Valves (PORVs) as non-
safety grade equipment to limit overpressure transients to pressures below
the ASME Code safety valve setpoint, This function was intended to reduce
challenges to the safety valves, thereby minimizing weepage and avoiding
potential lTeakage following actuation. The PORVs were not intended to
prevent a high pressure reactor trip, but rather, were to be used in
conjunction with the trip to mitigate the pressure transient.

As each of the early plants became operational, the effectiveness of the
pressurizer spray system to limit pressure transients was d-monstrated.
Consequently, C-E was unable to substantiate any advantages to opening
PORVs during transients to protect the safety valves from leakage. PORVs
were also considered to be counterproductive in light of the PORV leakage
problems that had been experienced. Furthermore, best estimate transient
analysis had demonstrated that the pressure overshoot above the nigh
pressure trip to be so minimal that, when PORV operation was not credited,
the safety valves were still not challenged. Accordingly, the PORV
function during power operation was not considered necessary, and was
eliminated from subsequent C-E designs.

Recently, a contingency method of core cooling employing once-througn flow
in the RCS has been advanced by the NRC as an alternate decay heat removal
system. This method would use PORVs in conjunction with the High Pressure
Safety Injection (HPSI) pumps and has been referred to as "feed and
bleed". In this regard, the Advisory Committee on Reactor Safeguards
(ACRS), following its review of C-E's System 80, (which is similar to San
Onofre 2 & 3 in this regard) stated:
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“In recent years, the availability of reliable shutdown heat removal
capability for a wide range of transients has been recognized to be of
great importance to safety. The System 80 design does not include
capability for rapid, direct depressurization of the primary system or
for any method of heat removal immediately after shutdown which does
not require use of the steam generators. In the present design, the
steam generators must be operated for heat removal after shutdown when
the primary system is at high pressure and temperature. This places
extra importance on the reliability of the auxiliary feedwater system
used in connection with System 80 steam generators and extra
requirements on the integrity of the steam generators. The ACRS
believes that special attention should be given to these matters in
connection with any plant employing the System 80 design. The
Committee also believes that it may be useful to give consideration to
the potential for adding valves of a size to facilitate rapid
depressurization of the System 80 primary coolant system to allow more
direct methods of decay heat removal. The Committee wishes to review
this matter further with the cooperation of Combustion Engineering and
the NRC Staff." (3)

In meetings with the ACRS and NRC Staff, C-E has presented its position and
the bases for designs which do not employ PORVs. The NRC has raised a
series of concerns regarding this issue and provided a list of questions to
C-E and applicant utilities. In recognition of the scope of these
questions the NRC has requested justification for operation during the
period of time the questions are being addressed.

Justifications for continued operation have been submitted on both the
SONGS 2 and 3 and CESSAR-System 80 dockets (4,5). These

justifications are based on the following.

1. The NSSS is coupled with a highly reliable, safety grade Auxiliary
Feedwater (AFW) System,
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2. The Plant is capable of achieving cold shutdown conditions using only
safety grade systems, even without offsite power and with an
additional single failure.

3. The steam generator design includes many features which wii' enhance
tube integrity, minimizing concerns associatea with operating
reactors. Additionally, careful attention to the plant water
chamistry program will ensure that the magnitude of the impurity
ingress into the steam generators is maintained at a low level.

4, Even if all auxiliary feedwater supply were somehow lost, the
potential exists for a contingency heat removal scheme by
depressurizing the steam generators to allow the use of low head

pumps.

5. Review of probabilistic analyses does not appear to show any
justification for the addition of Reactor Coolant System (RCS) valves
for decay heat removal purposes.

REPORT QUTLINE

The purpose of this section is to provide a brief summary of the
information contained in subsequent sections and to convey to the reader
the manner in which the report format was developed with respect to the
input required to generate and complete each consecutive section.

Section 1.0 presents an introduction to the report by stating the work
objective, the approach taken, and by providing a report background.

The purpose of Section 2.0 is to provide a discussion of the procedures
used in the various analyses that were required to generate answers to the
NRC questions, The methodology employed in these analyses is described in
terms of information sources for the reliability data, analytical
procedures and computer codes used in the analyses.
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Section 3.0 provides a brief synopsis of the plant design and a list of
design highlights for the plant systems addressed in the report. Also
included is an overview of the interdependencies that exist between the
various systems used to mitigate an event (i.e. LOHS, SGTR or PORV LOCA).
The information in Section 3.0 is used to support event tree construction
in Section 5.0 and fault tree development in Section 6.0.

The purpose of Section 4.0 is to identify and define the three initiating
events considered to be most relevant to the PORV issue, i.e., Loss of Main
Feedwater, SGTR and PORV LOCA. Also included is 2 brief description of
each initiating event type and a presentation of the initiating event
frequency associated with each event. These frequencies are used as input
to the event tree analyses in Section 5.0 and the accident sequence
analyses in Section 7.0.

Section 5.0 utilizes plant design data, transient analysis, and plant
emergency procedures to develop event trees for each of the initiating
events. The branches that are used to construct the event trees define the
systems or actions that will require fault tree analysis. The quantitative
fault tree results (presented in Section 6.0) are then input to the event
trees in order to provide a basis for filtering out the low probability
scenarios. The results of Section 5.0 include a list of accident sequences
for each event tree. Each sequence is qualitatively evaluated to determine
if it may or may not lead to core damage.

Section 6.0 contains the results of all fault tree analyses and
probabilistic evaluations that are used as input to the event trees in
Section 5,0, Plant design data and operating procedures were used to
support development and construction of the fault tree logic diagrams.
Each subsection includes a system description and schematic, a support
system dependency diagram, a list of assumptions and quantitative results.
The results are used as input to the event trees in Section 5.0 to provide
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a basi: for filtering out the low probability scenarios. The results are
also used as input to the accident sequence analyses in Section 7.0 in
order to statistically quantify core damage scenario frequencies.

The purnose of Section 7.0 is to identify and describe the minimal core
dimage scenarios that were selected from the lists of event t.ee output
sequences in Section 5.0. The scenarios are statistically quantified using
input failure data obtained from Sections 4.0 and 6.0,

Section 8.0 (in conjunction with Appendix 8) provides an empirical SG tube
strength mcdel which is used to analyze the consequences of a group of
events which provide excess primary/secondary pressure differences., The
probability of SGTR is determined as a function of the number of tubes
rupturec for an aged SG.

Section 9,0 summarizes the quantitative results of the study and provides
the core damage frequency contrioution due to each initiating event, The
overall change in total core damage frequency associated with the
installation of PORVs is evaluated and discussed.

1-7



2.0 METHODOLOGY

The four NRC questions, regarding the risk associated with the addition of
PORVs to plants which dc not initially have them, have all been addressed
using standard risk assessment methodology (6). The underlying approach
used in answering these questions consists of an estimation of the core
damage frequency with and without PORVs and the determination of the net
change. The NRC questions have limited the core damage frequency
calculation to the consideration of three types of events for which the
PORV is expected to play a major role, either as the initiator of the event
or within some sequence of mitigating actions. The events are loss of
secondary heat sink, steam generator tube ruptures in one or botn steam
generators and small break LOCA tnrough ar inadvertently open PORV,

The procedure for determining the core damage frequency used in this task
is the same employed in all of the major PRA studies that have beer
performed to date, namely, to identify the event sequences which lead to
core damage and to quantify the probability that any of these sequences
occurs during a reactor-year of operation. Figure 2.0-1 contains a
flowchart which illustrates the major elements of this procedure. The
identification of the event sequences is accompl.shed using event tree
analysis, incorporating design and reliability data, ard input from any
required human reliability analysis. The quantification of the sequence
frequencies is a somewhat more complex operation involving fault tree
analysis, interfacing of the fault tree resuits with the output of the
event trees and uncertainty analysis.

This section describes the plant decign and reliability data utilized in

the various analyses and describes the methodology employed to perform the
analyses referred to in Figure 2.0-1.
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. 2.1 INFORMATION SOURCES

Two general categories of information are used in performing risk
assessment analyses, i.e., plant design and procedural information and
reliability data. The various types of data within these categories and
their sources are described in the following sections.

2.1.1 Plant Design and Procedural Information

Plant design and procedural information is used both in defining the event
sequences and in determining the sequence occurrence frequencies. The
enumeration of the event sequences first requires the definition of the
nominal sequence of events, from the initiating event to stabilization of
the plant parameters. The following data sources are used to obtain this:

. The plant FSAR (7) which provides
- System descriptions
' - Descriptions of licensing transients

¥ The plant emergency procedures (8)
. CEN-152, C-E Emergency Procedure Guidelines (9)

s CEN-128, Responses of C-E NSSSs to Transients and
Accidents (10)

Once the nominal sequence of events has been defined an event tree is

assembled to identify off-nominal sequences. The event tree structure

is defined by the physically logical sequences of events that can occur

during the transient resulting from the initiating event and various

combinations of additional failures. References (7) and (10)

provided some insight into the behavior of the plant for several initiating

events. Additional transient analyses, performed specifically to answer

the NRC gquestions, were used to obtain further insight into plant behavior
. with the addition of several concurrent failures to the initiating event.
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The quantification of the sequence occurrence frequencies requires the
assembly and quantitative evaluation of fault tree and human failure
models. The assembly of the fault tree model requires detailed information
on system design and operation. The following data sources were used to
obtain these:

. The plant FSAR (7) which provides

- System descriptions

- Piping and Instrumentation Diagrams (P&IDs)
- The plant system operating instructions (11)

. The plant electrical wiring diagrams (12)

The assembly of the human failure models requires the following data
sources:

* The plant FSAR (7) which provides
- Partial instrumentation lists
- Equipment locations
. The plant emergency procedures (8)
. Plant system operating instructions (11)
. CEN-152, C-E Emergency Procedure Guidelines (9)
* Control panel layout drawings and instrumentation Tists (13)
In addition to these sources, interviews with members of the SONGS staff

and training personnel from the C-E simulator were conducted and the
information obtained was factored into the models.
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2.1.2 Reliability Data

The determination of the sequence occurrence frequencies involves two
steps, i.e., the quantification of the individual elements of the sequence
and the combination of these results to obtain a total frequency. The
following types of numerical reliability data are necessary to perform
these steps:

1. Initiating event frequencies

2. Component failure data, including
-Demand failure rates for standby components
-Operating failure rates for operating components
-Repair times
-Human failure probabilities
-Error factors for all of the above to be used in uncertainty
calculations

A wide range of sources was used to assemble the data base used in these
studies. The human failure data, including both human failure
probabilities and associated error factors were obtained from the Handbook
of Human Reliability Analysis (14). Data for mechanical and electrical
components and for initiating events were obtained from the following

sources:

. The National Reliability Evaluation Program (NREP)
Data Base (15)

T The Reactor Safety Study (16)
. IEEE Standard 500 (17)

“ C-E Reliability Data System (18)
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. C-E Interim Data Base (19)

B Several specialized reports on
-Pumps (20)
-Loss of Offsite Power (21)
-Feedwater Transients and Small Break LOCAs (22)
-DC Power Supplies (23)

The majority of the data was obtained from References (15) and
(16).

2.2 ANALYSIS

As stated previously the calculation of the core damage probability
involves two major steps, each of which is accomplished through the use of
one or more types of analyses. The following list specifies the elements
of each step:

1. Definition of Core Damage Sequences
a. Event Tree Analysis

2. Quantification of Sequence Probabilities
a. Fault Tree Analysis
b. Fault Tree/Event Tree Interfacing
€. Human Reliability Anaiysis

Each of these elements appears in Figure 2.0-1 and will be described in
detail in the following sections. A discussion of the methodology used in
performing the human reliability analysis is contained in Section 6.17.



. 2.2.1 Event Tree Analysis

The objective of event tree analysis is to delineate the combinations of
additional failures which can realistically occur following an initiating
event, The types of additional failures considered in the analysis are
limited to those which alone or in combination lead to a plant state of
interest, in this case the occurrence of core damage.

Event trees were constructed for the three types of initiating events
addressed in the NRC questions. These are as follows:

1. Loss of Secondary Heat Sink

2. Steam Generator Tube Rupture
- Single generator
- Double generator

. 3. Small Loss of Coolant Accident through a PORV

The event trees were constructed in two steps. The first involved the
construction of a “functional" event tree in which the failures considered
in conjunction with the initiating event were failures to perform safety
functions. The second step was the expansion of the functional event tree
into a system/action level event tree in which the additional failures were
system failures or failures to perform a particular action. These steps
and the computer code used to assemble the system/action level event trees
are discussed below.

2.2.1.1 Function Level Event Trees
The function level event tree is an event tree in which the branch
headings are defined as the failure to maintain safety functions

required to protect the core. Table 2.2.1.1-1 contains a list of the
five "anti-core melt" safety functions and their definitions
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TABLE 20201.1"1

ANTI-CORE MELT SAFETY FUNCTIONS

Safety Function

Reactivity Control

Reactor Coclant System
Inventory Control

Reactor Coolant System
Pressure Control

Core Heat Removal

Reactor Coolant System
Heat Removal

PurEose

Shut Reactor Down to Reduce Heat Production

Maintain a Coolant Medium around Core
Maintain the Coolant in the Proper State

Transfer Heat from Core to a Coolant

Transfer Heat from the Core Coolant
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(32). In the event tree analyses described in this report the

safety function Reactivity Control was included only for illustrative
purposes. Since ATWS scenarios were not considered to be within the
scope of this study but have been addressed in previous studies
(33,34) no detailed analysis was performed for the loss of

this safety function.

Function level event trees are not quantified but represent an
intermediate, qualitative step towards the assembly of the detailed
system/action level event tree. The function event tree serves as a
guide for the analyst a 4 helps insure that all safety functions have
been addressed. The assembly of the system/action level event tree
proceeds directly from the function event tree through the expansion
of each safety function heading into the one or more systems or
actions required to maintain the safety function.

2.2.1.2 System/Action Level Event Trees

The system/action level event tree is an event tree in which the
branch headings are defined as the failure of various systems or human
operators to perform their required functions. The specific selection
of system failures and operator actions is obtained through expansion
of the function event tree.

The system/action level event tree is the final step in the event tree
analysis and yields the list of event sequences (combinations of
initiating event and additional failures) which will be quantified to
obtain a core damage frequency. The quantification is discussed in
Section 2.2.3.

One of the major considerations in the assembly of the system event
tree is the treatment of the various support systems within the plant,
e.g., offsite and emergency power, instrument air and component
cooling water. Support systems have the potential for affecting the
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reiiability of several systems which appear on the event trees. For ‘
example, the loss of offsite power affects all systems which rely on
offsite power and which must switch to diesel generators or station

batteries in its absence.

There are two methods for treating support systems in the assembly of
event trees. They are as follows:

1. Event tree boundary conditions
2. Fault tree linking

The use of event tree boundary conditions refers to the explicit
incorporation of support system failures in the event tree, either as
branch headings within the tree or as part of the specification of the
initiating event. For example, loss of offsite power could be treated
by defining the initiating event as “initiating event-with coincident
loss of offsite power or -with no coincident loss of offsite power"
and constructing two event trees, one for each situation. In this
instance, the branch probabilities for those systems or actions which
rely on offsite power would be different for the two trees.
Alternatively, the loss of offsite power could appear as one of the
branch headings within the tree. This would require the construction

of a single tree but would increase its length and require any
analysis codes to be capable of handling conditional branch
probabilities for sequences in which the loss of offsite power
appeared. The event trees constructed for the steam generator tube
rupture analyses, in this report, treated loss of offsite power in the
initiating event definition. Other support systems in the steam
generator tube rupture trees as well as the event trees for loss of
secondary heat sink and PORV LOCA employed the fault tree linking
approach.

In the fault tree linking approach the support systems are treated
within the fault tree models, for each system or action appearing in
the event tree. This approach has the effect of minimizing the size ‘
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of the event tree, however, it increases the size of the individual
fault trees and the complexity of the quantification procedure. This
approach has been employed, to some degree, in all of the event trees
presented in this report.

2.2.1.3 Description of the CEETAR Code

The construction of the event trees presented in this report was aided
by the use of the computer code CEETAR (C-E Event Tree Analysis
Routine). CEETAR requires the input of branch titles and logic rules,
wnich are used to eliminate illogical sequences. Using this input,
CEETAR produces a complete event tree which can be drafted
automatically on an X-Y plotter or output on a line printer (if fewer
than 15 branch headings are required). In addition, CEETAR will
produce a listing of the output sequences using the literal
descriptions of the branch headings.

If the initiating event frequency and branch probabilities are also
provided as input, CEETAR will calculate the sequence frequencies. In
addition, CEETAR can filter out sequences with frequencies below a
specified cut-off vaiue.

CEETAR is written in FORTRAN IV for use on the CDC 7600 computer.



2.2.2 Fault Tree Analysis

The quantification of the event tree sequences requires knowledge of the
failure probabilities for each branch of the tree. When a branch
represents a specific failure of a single component the failure probability
can typically be obtained directly from one of the data sources described
in Section 2.1.2. However, when a branch represents a specific failure
mode of a system or subsystem it is necessary to construct a fault tree
model of the system and to perform a quantitative evaluation of the model.

Below is a discussion of the construction and evaluation of the fault trees
and a description of the computer code used to perform the analysis.

2.2.,2.1 Fault Tree Construction

Each event tree branch which represents the failure of a system or
subsystem requires the construction of a fault tree. The construction
of the fault tree requires a complete definition of the functional
requirements of the system, given the initiating event to which it is
responding. The inability to meet these requirements defines the "top
event" of the fault tree. The fault tree itself is a graphic model of
the various parallel and sequential combinations of failures that will
result in the top event. The symbols used in constructing the fault
tree are illustrated and defined in Figure 2.2.2.1-1.

2.2.2.2 Fault Tree Evaluation

The evaluation of each fault tree yields both qualitative and
quantitative information. The qualitative information consists of the
“cutsets" of the model. The cutsets are the various combinations of
component failures that result in the top event, i.e., the failure of
the system. The cutsets form the basis of the quantitative

evaluation which yields the failure probabilities required for the
quantification of the event sequence frequencies.



FIGURE 2.2.2.1-1
FAULT TREE SYMBOLOGY

Qutput event occurs if one
OR GATE or more of the input events
occurs.

Output event occurs if and
AND GATE only if all input events
occur.

Basic fault event requiring

BASIC EVENT nc further development.

An event which is described by
EXTERNAL INPUT a fault tree model developed

independently - typically a

support system failure.

TRANSFER IN

Used as method of conveniently
segmenting the tree for drafting
purposes and to avoid duplication
of portions of the tree. Indicates
continuation to other portions of
the tree.

TRANSFER QUT
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The quantitative evaluation of the fault trees yields several
numerical measures of a systems failure probability, two of which are
typically employed in the event tree quantification, i.e., the
unavailability and unreliability. The unavailability is the
probability that a system will not respond when demanded. This value
is used when the event tree branch represents a system function or
action which is performed quickly, such as the reseating of a
previously opened safety valve, or if the branch represents a
particular condition, such as offsite power unavailable at turbine
trip. The unreliability is the probability that a system will fail
(at least once) during a given required operating period. This value
is typically used when the event tree branch specifies a required
operating period for a system, such as auxiliary feedwater system
fails to deliver feedwater for four hours. The unreliability is
usually added to the unavailability when the event tree branch
represents the failure of a standby system to actuate and then run for
a specified period of time.

2.2.2.3 Human Failures

Two types of human failures are included in the fault tree analyses
performed in this study. They are "pre-existing maintenance errors"
and failures of the operator to respond to various demands. Pre-
existing maintenance errors are undetected errors committed since the
last periodic test of a standby system. An example of this type of
error is the failure to reopen a mini-flow valve which was closed for
maintenance. A failure of the operator to respond includes the
failure of the operator to perform a required function at all or to
perform it correctly. An example of this type of error is the
failure of the operator to back-up the automatic actuation of a safety
system.

The probabilities for these types of human failures were obtained from
Reference (14).



‘ 2.2.2.4 Description of the CEREC Code

The evaluation of the fault trees constructed for this study was aided
by the use of the computer code CEREC (C-E Reliability Evaluation
Code). CEREC is an extensively modified version of the PREP and KITT
codes (24). The PREP portion of the code, which generates the
cutsets, has several modifications to its output format. The KITT
portion of the code, which performs the quantitative evaluations, has
several major additions to the original KITT capabilities. They are
as follows:

1. The capability of calculating the unavailability for a
periodically tested standby system using either the demand
failure rate (inhibit condition) or the standby failure
rate, test interval and allowable downtime.

2. The capability of filtering out cutsets based on cutoff
. values for any of five calculated reliability parameters.

3. The capability of automatically performing sensitivity
analyses on any parameter,

4. The capabilty of determining the uncertainty of any of the
output reliability parameters based on the uncertainty of
the component failure data.

CEREC is written in FORTRAN IV for use on the CDC 7600 computer.

2.2.3 Fault Tree/Event Tree Interfacing

The goal of the event tree and fault tree modeling is the determination of

a core damage frequency for initiating events. The previous sections

discussed the development of the event trees to delineate the relevant

failure sequences and the performance of the fault tree énalyses to obtain
. the failure probabilities for the elements of the sequenc2s, This section

will describe the procedure used to combine these results to obtain a

total core damage frequency for each initiating event,
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The two primary concerns in this calculation are the effect of dependencies
between the elements of a sequence and the uncertainty in the total core
damage frequency due to uncertainties in the basic component failure data.

2.2.3.1 Calculation of Total Core Damage Frequency

Consider the following event tree

A B c D
I.E.+ABCD NO C/D
1.E.+ABCD NO C/D

b——— [ E.+ABCD C/D
1.E.+ABCD  NO C/D

1.E.+ABCD C/D

— 1.E.+ABCD C/D

1.E.+ABCD  C/D

The first step in calculating the total core damage frequency, Aep»
is the identification of the event tree sequences that lead to core
damage. In the calculations performed for this study the core damage
sequences were identified using several representative transient
analyses and the definition of a peak cladding temperature of 2200°F
as the on-set of core damage. In the example above, the core damage
sequences are identified as such by the label on the right,

For this example, the total core damage frequency can be expressed as
Aep = M., x P [ABCD U ABCD U ABCD U ABCD] [1]

where A 1.E. = The occurrence frequency of
the initiating event

U signifies the union of the specified elements and the A,
A notation indicates branch taken (failure) and branch not ‘
taken (success), respectively.
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If no credit is taken for the probability of successful operation of a
system, the “non-minimal" sequence, i.e., BCD, can be eliminated. A
non-minimal sequence is one which contains additional failures beyond
those necessary to obtain core damage. Since BC alone results in core
damage, BCD is a non-minimal sequence. Equation 1 can be rewritten as

This can be rewritten as
Acp = .g. X [Pcp + Pgc *+ Pp t (higher order terms)]. [3]

In the calculations performed in this report, the higher order terms,
which are quite small, have been ignored.

If dependencies exist between the elements, Equation 3 can be written
as

o * Y1t "l}cn.e * Popre..c * Peire * Pelre 8t pAII.E.:] (4]

where PXII g, * The conditional probability of
X given that the initiating event
has occurred.

2.2.3.2 Dependent Failures

The existence of dependencies between the elements of the sequences
gives rise to the need for conditional probabilities, as illustrated
in the example in the previous section. The dependencies result from
the sharing of components or support systems between the eiements.
The conditional probabilities resulting from the shared components is
calculated as follows:

9 The particular components and/or support systems
shared between two systems are identified.
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2. The probability that each shared component is
failed, given that the first system is
failed, is calculated.

3. These conditional component failure probabilities are used
in calculating the failure probability of the second system.

2.2.3.3 Description of the CEDAR Code

The CEDAR code (C-E Dependency Analysis Routine) is a utility code
designed to automate the identification of shared components and the
calculation of their conditional failure probabilities. The PREP
portion of the CEREC code produces and stores a file containing the
cutsets of a system fault tree model. CEDAR identifies common
components within these files and calculates their conditional failure
probability as the ratio of the sum of the probabilities of the
cutsets containing the shared components to the total system failure
probability.

CEDAR is written in FORTRAN IV for use on the CDC 7600 computer.

2.2.3.4 \Uncertainty Analysis

As described in Section 2.2.2.4, the CEREC code has the capability of
performing uncertainty analysis on the failure probability
calculations for a fault tree. The uncertainty analysis uses Monte
Carlo sampling of the component failure rates which are assumed to be
represented by log-normal distributions. The output of the
uncertainty analysis consists of a median and error factor for the
fault tree model. Note that the use of error factors implies that the
system failure probabilities are also represented by log-normal
distributions.

Analytical results in this report are generally in terms of a median
value with an error factor which, when multiplied by the median value,

yields an upper bound estimate at 95% confidence. The median value,
rather than the mean value, was chosen in order to be consistent with
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WASH-1400, the IREP studies and most other PRAs and also in order to

be consistent with the methodology recommended in the NRC's July 1982
draft Action Plan for Implementing the Commission's Proposed Safety

Goal Policy statement,

Given the equation for the total core damage frequency (e.q9. Equation
4), based on the event tree core damage sequences, and given the
CEREC Monte Carlo outcome data for each element in the equation, the
representative distributions for each element are determined and
sampled to yield a distribution for the total frequency. This
operation is performed by the SAMPLE code.

2.2.3.5 Description of the SAMPLE Code

The SAMPLE code, which was used in the Reactor Safety Study, is
designed to perform uncertainty analysis on any generalized equation.
The required input consists of a Fortran function subroutine to
describe the function of interest, specification of the type of
distributions to be used in modeling the variables of the function and
the parameters used to define the distributions for each variable.

Monte Carlo simulation is performed by sampling the variable
distributions and evaluating the function numerous times. These
trials then define the distribution of the total function values and
SAMPLE provides various descriptions of this distribution.

In the analyses performed for this task, the generalized equations
consisted of individual sequence and total core damage frequency
equations analogous to Equation 4. The probabilities of the sequence
elements were represented by log-normal distributions. The parameters
of the distributions were obtained from the CEREC runs for each
element.

SAMPLE 1s written in Fortran IV for the CDC 7600.

2-19



3.0 PLANT DESIGN

3.1 PLANT DESCRIPTION

San Onofre Nuclear Generating Stations Units 2 and 3, operated by the
Southern California Edison Company are part of a three unit station located
on the West Coast of Southern California in San Diego county. The nuclear
steam supply systems (NSSSs) are designed and supplied by Combustion
Engineering. Each unit employs a pressurized water reactor. Major
components of each NSSS include a reactor vessel and internals, control
element assemblies, two steam generators, a pressurizer, four reactor
coolant pumps and various control systems and instrumentation. The balance
of the plants, including prestressed concrete reactor containment buildings
in which each NSSS is located, are designed and constructed by the Los
Angeles Power Division of Bechtel Power Corporation.

The San Onofre station features separate containments, safety equipment
buildings, turbine buildings, diesel generator buildings, and fuel handling
buildings for Units 2 and 3 and a shared auxiliary building and intake
structure. The Pacific Ocean is the ultimate heat sink for all seismic
category 1 cooling water systems. Saltwater is supplied to the component
cooling water heat exchangers by saltwater cooling pumps located within
separate intake conduits for each unit, Seawater pumped from the intake
conduits by the circulating water pumps also serves as the heat sink for
heat rejected by the main condensers and the turbine plant cooling water

system.

The NSSS generates approximately 3410 MWt, producing saturated main steam.
Each of the two NSSS units contains two primary coolant loops, each of
which has two reactor coolant pumps, a reactor vessel outlet (hot) pipe

and two inlet (cold) pipes. All safety systems are totally independent for
each of the two units. The ECCS consists of redundant high pressure
injection trains and redundant low pressure injection trains. Hot leg as
well as cold leg injection capability exists. The Auxiliary Feedwater
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System, serving the secondary side of the steam generators, is also
separate for each unit. Each unit has 3 AFW pumping trains, each capable
of supplying 100% flow. Each steam generator is supplied by a motor-driven
pump with the third train, a steam turbine-driven pump, supplying both
generators.

The containment systems for each unit include the containment structure,
the containment heat removal systems, the containment air purification and
cleanup systems, the containment isolation system, and the containment
combustible gas control system. The containment design basis is to limit
releases of radioactive materials subsequent to postulated accidents, such
that resulting calculated offsite doses are less than the guidelina values
of 10CFR100. Each containment is served by both fan cooler and containment
spray systems. These systems provide redundant and diverse containment
heat removal capability.

Electrical power is supplied to plant equipment through multiple power
sources. The main turbine-generator supplies the auxiliary loads during
normal plant operation. Three reserve auxiliary transformers can be
supplied by any one of the four Southern California Edison Company lines or
the four San Diego Gas & Electric lines. Each unit has 2 backup diesel
generators available for safety related loads in the event offsite power is
lost. In addition, each unit's ESF auxiliary power system is capable of
supplying power to the companion unit. Batteries are available for
supplying the necessary DC power,

The power conversion system with the appropriate controls, converts the
thermal energy generated in the reactor into electrical energy. This
system consists of a turbine-generator, condenser, condensate pumps,
feedwater heaters, and steam generator feed pumps. Two identical U-tube
steam generators produce saturated steam. The two steam generator outlets
are connected through a common header, to the turbine stop and turbine
governing control valves of the turbine-generator.
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The turbine is a horizontal, 1800 r/min, tandem-compound, impulse reaction
machine. It consists of one double-flow, high-pressure (HP) element in
tandem with three double-flow, low pressure (LP) elements. Moisture
separation and reheating of the steam is provided between the HP and LP
elements by horizontal-axis, cylindrical-shell, combined moisture separator
reheater assemblies. The generator is a General Electric Corporation
three-phase, 60 Hz, four-pole, cylindrical rotor, synchronous machine,
directly coupled to the Tast low-pressure stage of the turbine. The
generator employs a hydrogen-cooled rotor and a water cooled stator.

Electrical power from the generator is conducted from the generator
terminals by an isolated-phase bus to a three-phase transformer that steps
up the generator output voltage to the 230kV transmission voltage,

The reactor power levels and corresponding net electrical output are as
follows:

B Core thermal power level - 3390 MWt

] Net electrical power - 1127 MwWe
output at generator terminal

s Electrical power output - 70 MWe
consumed onsite

. Net electrical power output - 1057 MWe

consumed offsite
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3.2 PLANT SYSTEMS

Table 3.2-1 presents a list of plant systems that were evaluated for this
task. System design highlights are also included. A more detailed
description of each system is provided in Section 6.0.
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SYSTEM

TABLE 3.2-1

PLANT SYSTEMS

DESIGN HIGHLIGHTS

High Pressure Safety Injection
System

Auxiliary Spray System

Containment Heat Removal Systems

Power Operated Relief Valves1

Primary Feed and Bleed System1

Turbine Bypass System

Main Steam Isolation

Atmospheric Dump System

Main Steam Safety Valves

Main Feedwater System

Auxiliary Feedwater System

Blowdown Processing System

Alternate Secondary Heat Removal
Capability (Condensate System)

L. Assuming PORVs are installed.
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Two Train Safety System
One Motor Driven Pump in Each Train
Installed Spare Motor Driven Pump

Safety System
Flow Provided by any One of Three
Charging Pumps

Two Train Containment Fan Cooler
System
Two Train Containment Spray System

Two Flow Paths
Block Valve and Coded Relief Valve
in each Path

Feed Flow Required From One HPSI
and One Charging Pump or From Two
HPSI Pumps

Two of Two Flow Paths required for
Bleed Portion

Control System
45% Turbine Bypass Capacity

Safety System with Redundancy
Safety Coded Valve in Each Path

Safety System
One Safety Coded Valve per Steam
Generator

Banks of Coded Safety Valves
with Redundancy

Four Motor Driven Condensate Pumps
Two Turbine Driven Feed Pumps

Safety System with Redundancy
Twe Motor Driven Pumps

One Turbine Driven Pump
Non-Safety System

Non-Safety System



SYSTEM

TABLE 3.2-1
(continued)

PLANT SYSTEMS

DESIGN HIGHLIGHTS

Electrical Distribution System

Component Cooling Water System

Instrument Air System
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Two Redundant Power Divisions
One Diesel Generator in Each Class
1E Power Division

Safety System with Redundancy
One Motor Driven Pump in Each Train
Installed Spare Motcr Driven Pump

Non-Safety System




3.3 SYSTEM INTERDEPENDENCIES

3.3.1 Mitigating versus Support Systems

The successful operation of front line safety systems may require the
operability of one or more support systens. An understanding of front line
versus support systems interdependencies is fundamental to the study of
accident scenarios. Also ruclear industry operating experience has
indicated that some of the more severe accidents have originated from
failures originating in support systems. A matrix of front line vs.
support systems can be a useful tool for readily evaluating the extent of
system interdependencies in a power plant. Table 3.3.1-1 provides a list
of the mitigating systems addressed in this study vs. support systems. It
should be understood that any interdependence identified in the matrix does
not necessarily indicate that the loss of a particular support system is
sufficient to cause failure of the associated mitigating systems.

3.3.2 Support versus Support systems

In many instances, successful operation of support systems requires the
operability of other support systems. Table 3.3,2-1 depicts the SONGS
support system interdependencies. It should be understood that any
interdependence identified in the matrix does nut necessarily indicate that
the loss of a particular support system is sufficient to cause failure of
the associated support system.



TABLE 3.3.1-1
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MITIGATING SYSTEMS ' ' ' ' i ' i )

High Pressure Safety Injection X X X X X

Auxiliary Spray System2 X X X X X X

Containment Heat Removal System X X X X X

- PORY® it SRS

Primary Feed and Bleed3 X X X X X

Turbine Bypass System X X X

Main Steam Isolation X X

Atmospheric Dump System X X

Main Steam Safety Valves

Main Feedwater System X X X X

Auxiliary Feedwater System X X X X

Blowdown Processing System X X X X

Alternate Secondary Heat X X

Removal Capability

lAny interdependency identified in the matrix does not necessarily indicate that the
loss of a particular support system is sufficient to cause failure of the associated
mitigating systems. .

2System boundries are assumed to include the charging pumps.

3assuming PORVs are installed. B
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Onsite AC Non-1lE

‘ Offsite AC
, Onsite AC Class 1lE X X

125V DC Ciass 1E

Component Cooling Water X X X X

ESFAS X X X

Instrument Air X

H>3 interdependency identified in the matrix does not :mnmmmm_.,:v indicate ﬂ:ma.ﬂ:m
loss of a particular support system is sufficient to cause failure of the associated

support systems.
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TABLE 4.3.1-1

LOSS OF MAIN FEEDWATER INITIATING EVENT FREQUENCY

Frequency
(Median Value per year)

1.23

The above frequency is used ' L to the Loss of Secondary Heat
Sink Event Trees discussad i ion 5.1. The initiating event
frequency is combined with mi

evaluate accident sequences.




4.3.2 Steam Generator Tube Rupture

A SGTR is usually defined as a tube leak or rupture whose maximum leak
flow rate exceeds the capacity of the charging system, Four distinct
initiating events were defined for input to the SGTR analyses:

Initiating event 1 is defined as one or more tube ruptures occurring
in one steam generator. Offsite power is assumed to be available at

the time of the initiating event,

Initiating event 2 1s defined as cne or more tube ruptures occurring

in one steam generator with a coincident loss of offsite power.

Initiating event 3 is defined as one or more tube ruptures occurring
in both steam generators. Offsite power is assumed to be available at

the time of the initiating event,

Initiating event 4 is defined as one or more tube ruptures occurring
in both steam generators with a ceincident ioss of offsite power.

A survey of operating history was conducted to provide a basis for
estimating the above initiating event frequencies. A SGTR was further
defined as a tube leak or rupture whose maximum flow rate was equal to or
greater than 125 gpm. The following events were interpreted as SGTRs
(25).

Maximum

Plant Date Flow Rate (agpm)

Point Reach 1 2/26/75 125
Prairie Island 1  10/2/79 390
€, Ginna 1 1/25/82 630
ry 2 9/25/76 330




These four events are assumed to be the only recognized SGTRs in US PWR
commercial experience to date. The total number of reactor years of
experience was evaluated to be 361.0 years as of December, 1982 (18).

The distribution of time to occurrence of SGTR in one SG was assumed to be
exponential. The probability of SGTR in one SG by time t is expressed
mathematically as

F(t) =1-e% t>0 (1]

where & is the occurrence rate for SGTR., Confidence bounds on the
occurrence rate are obtained from percentiles of the x2 distribution
since the distribution of the sample mean é, an estimate of ¢, is
distributed as 2. (26). The confidence bounds are obtained by
solving the following equations for 8L and Bu from tables provided in
Reference (26).

; g(x)dx = a/2 (2

%

8
foLg(x)dx = af2
(3]

where g(x) is the f probability density function withY = 2n degrees of
freedom for the lower bound and Y =2(n+1) degrees of freedom for the upper
bounds. The 100(1- = )% confidence interval for 8is then

- N

8 8 »
7 Cos2,2n 05 I X1-a/2, 2092 [4]
For the SGTR in one SG events which have been experienced
n=4

8 =4./T=4./361. years = 1.108 x 1072 / year

T = total number of reactor years
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The table values of the xz distribution are
x2 =2.733 xz
.05,8 .95,10 =18.307

The 90% confidence interval for e is then

«f -2

3.8 x 1073 ¢ 8 ¢ 2.5 x 10°2

The median value of is determined by using the following expression

8 =y 8 =9.432 (1.108 x 10°2) = 1.3 x 10"%/year
5°X 5,10 X

_2.:‘___.

The distribution of 8 was approximated by a lognormal when initiating

event probability distributions were simulated by combining distributions

with a Monte Carlo (stochastic sampling) computer code. In this case, the

5th ang 9sth percentiles of the x2 distribution were matched to the ‘
5tN and 9sth percentiles of a lognormal distribution. The median of

the lognormal distribution is estimated by

§ = [(3.8 x 10°3)(2.5 x 10°231/2 = 9,7 x E-3 per year

The error factor for the lognormal distribution ipproximation was
calculated to be
® 95 2.5 x 1072
EF = 5 - -3:
.5 9.7 x 10

A value of EF = 3 was used in the analysis

2.6

To determine the frequency of the initiating event SGTR in One SG with
Coincident Loss of Offsite Power, the above results were combined with a
loss of offsite power median failure probability of 10-3 assuming a
lognormal distribution and an error factor of 10 (16). (It should be
noted that this is a generic value and for SONGS this number might be
lower, i.e., the transmission system has a high transient stability limit

due to high installed capacity and extensive grid interconnections with
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other utilities.) Monte Carlo uncertainty analysis was used to determine
the median value and approximate error factor for the combined
probabilities. The resulting initiating event frequency is 9.8£-6 per year
with an associated error factor of 13.

There have been no known SGTRs in two SGs in the history of PWR commercial
operation. An event frequency for SGTRs in two SGs can be estimated given
that T = 361.0 years and n = 0, The median occurrence rate is approximated
by

2
X .50, 2n+2 _ 1.39 _
(3617 1.9 E-3 per year

__2+_—

The error factor was estimated by taking the ratio of the 95 to 50
percentile, 2

X.95, 2042 . 5.99 . g 3.3 per year

T 2(361)

To determine the frequency of the initiating event SGTR in Two SGs with
Coincident Loss of Offsite power, the above results were combined with a
loss of offsite power median failure probability of 10-3 (assuming a log
normal distribution and an error factor of 10 (16). Monte Carlo
uncertainty analysis was used to determine the median value and error
factor for the combined probabilities. The resulting initiating event
frequency is 1.9E-6 per year with an associated error factor of 13.

SGTR initiating event frequencies are summarized in Table 4.3.2-1, Section

8.0 presents a discussion of & steam generator tube strength model for aged
steam generators.
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TABLE 4.3.2"1
SGTR INITIATING EVENT FREQUENCIES

Frequency Error
Event Description (Median Value per Year) Factor
SGTR in One SG 9.7E-3 3
SGTR in une SG with 9.8E-6 13
Coincident LOOP
SGTR in Two SGs 1.9€E-3 5
SGTR in Two SGs with 1.9E-6 13
Coincident LOOP
Note: The above frequencies are used as input to the SGTR event trees

discussed in Section 5.,2. The initiating event frequencies are
combined with mitigating system failure probabilities to evaluate
accident sequences.
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@ 3.3 porvioca

PORY LOCA was identified as one of the three types of events to be
considered in the core damage frequency calculations, The assumed PORV
design allows for the valves to be cpened manually to reduce RCS pressure
following a steam generator tube rupture event or a loss of secondary heat
sink. The PORVs are assumed not to be designed to minimize challenges to
the primary safety valves,

A PORV LOCA is a breach of the RCS pressure boundary that results in an
initial rapid uncontrolled depressurization of the RCS. Therefore,
mitigation of this transient requires makeup of the lost RCS inventory as
well as removal of heat from the reactor core and RCS. The success
criteria for RCS inventory makeup and heat removal were determined by
transient analyses (7,36). Success for RCS inventory makeup
requires at least one HPSI pump to inject borated water into the RCS
loops. Successful removal of RCS heat can be accomplished by the steam
. generators or the containment heat removal systems. Success for RCS heat
removal by the steam generators requires at least one steam generator with
feedwater available to maintain the steam generator water level. Success
for RCS heat removal by the containment heat removal systems requires at
least twn emergency containment fan coolers or at least one containment
spray train to remove thermal energy discharged into the containment from
the RCS.

Based on the assumed PORV design, three types of PORV LOCAs were
considered. The three types are as follows:

1. PORV LOCA Following Loss of Secondary Heat Sink. This type
of PORV LOCA refers to manually opening the PORV flowpaths
following a loss of secondary heat sink. The steam generators
are unavailable co remove RCS heat,

2. PORV LOCA Following SGTR. This type of PORV LOCA refers to
. manually opening the PORV flowpaths following a tube rupture in

one steam generator. The unaffected steam generator is available
to remove RCS heat.




3. Spurious PORV LOCA. This type of PORV LOCA includes error
fnducea opening of either PORV flowpath. Both steam generators
are available to remove RCS heat.

For each type of PORV LOCA considered, a fault tree analysis was performed
(See Section 6.4) to quantify the occurrence frequency. The occurrence
frequencies for loss of secondary heat sink and tube rupture in one steam
generator were incorporated into the fault trees to evaluate the occurrence
frequencies for these types of PORV LOCA. Nuclear operating experience
information (27) was used along with an assumed valve testing

frequency that varies from two weeks to quarterly to evaluate the Spurious

PORV LOCA occurrence frequency. These frequencies are presented in Table
4. 3. 3'10
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TABLE 4.3.3-1

PORV LOCA INITIATING EVENT
FREQUENCIES

Frequency
Event Description (Median Value per Year)

PORV LOCA 1.5E-6 29
Following LOHS

PORV LOCA 1.3E-4 7
Following SCTR

Spurious PORV 3.2E-5 16
LOCA
Note: The above frequencies are used as input to the PORYV LOCA event trees

discussed in Section 5.3. The initiating event frequencies are
combined with mitigating system failure probabilities to evaluate
accident sequencas.
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5.0 ACCIDENT SEQUENCE DETERMINATION

The sequence of malfunctions or railures of systems that lead to core
damage conditions for each initiating event consicered, were determined by
developing functional and systemic event trees. The functional event tree
interrelates an initiating event (Loss of Main Feedwater, SG tube rupture
or PORV induced LOCA) with plant safety function failures and yields
functional accident sequences. The systemic event tree interrelates each
initiating event with system failure events and yields system accident
sequences. Section 2 provides a more detailed description of the
methodology used in the development of the event trees and fault trees and
the treatment of system interactions and support system dependencies.

The accident sequences for the loss of secondary heat sink, PORV induced
LOCA, and steam generator tube rupture were determined using event
tree/fault tree methodology. In order to provide consistency in
identifying the accident sequences for these transients, the fo1lowjng
general rules wcre followed:

B Event tree models, both functional and systemic, are developed from
the initiating event to a state representing either shutdown cooling
entry conditions or core damage conditions.

l Core damage conditions are defined as peak cladding temperatures of
2200°F.

. A1l systems are in the normal, automatic mode of operation at the time
of the initiating event.

B Reactor trip will occur wher plant protection system setpoints are

reached,

¥ The event tree/fault tree analysec are based on the SON”3 Lanit 2
design. The results are considered to be applicable to Unit 3,
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5.1 LOSS OF HEAT SINK

A loss of secondary heat sink refers to the inability to remove RCS and
core heat via the steam generators as a result of losing main feedwater and
auxiliary feedwater flow. During normal plant operations, the MFW system
provides a continuous supply of feedwater to the steam generators at
required pressure and temperature for full load to zero load operations.
Following the loss of main feedwater, the AFW system automatically supplies
feedwater to the steam generators for reactor decay heat removal and to
cooldown the RCS to shutdown cooling entry conditions. A loss of main and
auxiliary feedwater flow and failure to re-establish a secondary heat sink
will cause RCS temperature and pressure to increase and eventually threaten
core integrity.

During a loss of secondary heat sink event, RCS temperature is controlled
at a value slightly above that corresponding to steam generator saturation
conditions until a substantial portion of the tube bundle in each steam
generator is uncovered. At this point, RCS temperature will begin to
increase. When the steam generators boil dry, RCS temperature and pressure
will rise rapidly. If conditions in the RCS reach the setpoints for the
primary safety valves, RCS inventory will begin to discharge out the

safety valves. If a secondary heat sink is not re-established and loss of

RCS inventory continues at high pressure, core uncovery will occur. Core
damage conditions, defined for this study as peak cladding temperatures of
2200°F, will be reached in approximately 1 hour following a reactor

trip signal based on low steam generator level (28, Section 2.8).

5.1.1 Initiating Event

A loss of normal operating feedwater is defined as a reduction in feedwater
flow to the steam generators, when operating at power, without a
corresponding reduction in steam flow from the steam generators. The
result of this flow mismatch leads to reduction in steam generator water
inventory and a subsequent heatup of the primary coolant. The PPS provides




protection against the loss of normal feedwater by the steam generator low
water level trip. The Main Feedwater System is designed to automatically
provide 5% bypass flow to meet RCS decay heat removal requirements
following a reactor trip event.

The initiating event for the loss of heat sink analysis will be defined as
the loss of normal operating main feedwater flow resulting from automatic
plant /reactor trip events and the loss of the post-trip 5% bypass flow.
Included in this definition are plant trips that are a result of
perturbations in the main feedwater system or its support systems. The
frequency of loss of main feedwater was evaluated by fault tree analysis
(See Section 6.10).

5.1.2 Normal Sequence of Events

The normal sequence of events following a loss of operating MFW flow and
post-trip 5% bypass flow, is a continued decrease in steam generator water
level and the automatic initiation of the Auxiliary Feedwater System. The
Auxiliary Feedwater System, consisting of two motor-driven and one turbine-
driven feedwater pumps, is employed to effectuate core cooldown. Following
a reactor trip, the TBVs are normally used to control steam generator
pressure. If the TBVs are unavailable, steam pressure may be controlled by
the ADVs or the MSSVs. The pressurizer auxiliary sprays provide RCS
pressure control and are used to reduce primary pressure,

Table 5.1.2-1 presents the normal sequence of events following loss of main
feedwater from the initiating event until event termination at shutdown
cooling entry conditions.

5.1.3 Functional Event Tree

The Loss of Secondary Heat Sink functional event tree, presented in Figure
5.1.3-1, was developed to determine the functional accident sequences that
could Tead to potential core damage. The functional event tree was



TABLE 5.1.2-1

NORMAL SEQUENCE OF EVENTS FOR LOSS OF FEEDWATER
Termination of main feedwater flow
SBCS Quick Open of TBVs
Reactor/Turbine Trip on low steam generator water level
MSSVs open
AFW flow actuated and delivered
MSSVs close

Cooldown controlled using AFW, SBCS and Pressurizer
Auxiliary Spray

When condenser vacuum becomes unavailable, continue cooldown
with ADVs

Shutdown cooling entry conditions reached
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INITIATING

FIGURE 5.1.3-1

LOSS OF SECONDARY HEAT SINK
FUNCTIONAL EVENT TREE

REACTIVITY RCS' INVENTORY RCS PRESSURE CORE HEAT RCS HEAT

EVENT CONTROL CONTROL CONTROL REMOVAL REMOVAL
LOSS OF MAIN REACTOR INVENTORY FORCED SECONDARY
FEEDWATER TRIP MAKEUP DEPRESSURIZATION CIRCULATION HEAT SINK
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developed for the current plant design and for the plant design assuming
feed and blecd capability is provided. As depicted in Table 5.1.3-1,
each safety function can be defined in terms of functional elements which

are used as intermediaries to correlate tiie five anti-core melt safety
functions (32) to the specific plant systems or actions required to
mitigate a loss of secondary heat sink. The list of associated

systems /actions provides the logical groundwork for constructing a
system/action level event tree which can be used to generate more detailed
accident scenarios.

The functional accident sequences for the loss of heat sink event are
discussed as follows:

Sequence 1

Sequence 2

Sequence 3

Sequerice 4

Sequence §

Sequence 1 is the transient when all safety functions are
satisfied following the initiating event. In this sequence,
the core is cooled, secondary system and core integrity are
maintained and shutdown cooling entry conditions are reached,

Sequence 2 is the transient when the safety function, RCS
Heat Removal, is not maintained. This sequence results in
core damage conditions.

Sequence 3 represents the transient when Core Heat Removal
by forced circulation, RCP operation, is not maintained. In
this sequence, the secondary system and core integrity are
maintained and shutdown cooling entry conditions are reached
with natural circulation conditions existing in the RCS.

Sequence 4 results in core damage conditions due to failure
to provide RCS Heat Removal and failure the of Core Heat
Removal safety function.

Sequence 5 represents the transient when RCS Pressure

Control, depressurization of the primary system, fails., In
this sequence, the core and RCS are cooled, but the primary
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TABLE 5.1.3-1

LOSS OF SECONDARY HEAT SINK FUNCTIONAL EVENT TREE CONSIDERATIONS

SAFETY FUNCTION

FUNCTIONAL ELEMENTS

ASSOCIATED SYSTEMS/ACTIONS

Reactivity Control

Reactor Trip

Reactor Trip 1

RCS Inventory
Control

Inventory Makeup

There are no specific
systems /actions required for
RCS Inventory control except
through RCS Pressure Control
and RCS Heat Removal,

RCS Pressure Depressurization Auxiliary Sprays -
Control Feed and Bleed Operation
Core Heat Forced Circulation RCP Operation
Removal
!
RCS Heat Secondary Heat Sink Auxiliary Feedwater System
Removal Restoration of Feed Flow

Alt. Sec. Heat Removal
Capability

Removal of Secondary Stegm
Feed and Bleed OpeEation
Containment Spra§s

HP Recirculation

1 ATWS will not be considered in the scope of this evaluation

3 Associated systems/actions assuming feed and bleed capability is provided




pressure criteria for shutdown cooling entry conditions is
not achieved. This results in a stable core configuration
with a long term demand on the safety function, RCS Heat
Removal.

Sequence 6 Sequence 6 resuits in core damage conditions due to failure
to provide the RCS Heat Removal and RCS Pressure Contro)
safety functions,

Sequence 7 In Sequence 7, RCS Heat Removal is provided but safety
functions RCS Pressure Control and Core Heat Removal have
failed. Sequence 7 results in a stable core state but
impacts the actions associated with RCS Heat Removal. See
Sequences 3 and 5.

Sequence 8 Sequence 8 results in core damage conditions due to failure
to provide RCS Heat Removal and failure of Core Heat
Removal and RCS Pressure Control.

Sequence 9 The safety function, RCS Inventory Control, is satisfied by
RCS Pressure Control and RCS Heat Removal.

Sequence 10 As discussed in Section 2.2.1.1, ATWS is not considered in
the scope of this program.

5.1.4 Systemic Event Tree

The systemic event trees were developed by determining the systems/actions
which perform in response to the loss of secondary heat sink transient for
each of the safety functions identified in Table 5.1.3-1., The

systems /actions define the systemic event tree branch headings. The
systems /actions were then placed in approximately the chronological order
that they will be called upon following the transient. The initiating
event, Loss of Main Feedwater, and transient analysis determine the success
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criteria for those systems or actions. These criteria dictate the top
failure logic for the system fault trees. In addition to the system
success, accident mitigation also requires the successful operation of
support systems upon which the systems depend. Section 3.3 details the
mitigating system/support system dependencies for the systems required in
the loss of secondary heat sink transient.

Two systemic event trees were developed for Loss of Secondary Heat Sink.
The Lozs of Secondary Heat Sink Event Tree discussed in Section 5.1.4.1
determines the core damage scenarios for the current plant design including
alternate secondary heat removal capability. The event tree in Section
5.1.4.2, Loss of Secondary Heat Sink with Feed and Bleed Operation Event
Tree, determines the core damage scenarios assuming primary feed and bleed
capability is provided. Table 5.1.4-1 defines the event tree branches and
associated failure criteria that are used as input to both event trees.

The fault tree results for the systems specified in the systemic event
trees are presented in Section 6.0.

5.1.4.1 The Loss of Secondary Heat Sink Event Tree

The Loss of Secondary Heat Sink Event Tree is presented in Figure
5.1.4.1-1, The safety function, RCS Heat Removal, is provided by the
Auxiliary Feedwater System, Restoration of Feed Flow, Alternate Decay
Heat Removal (low pressure secondary heat sink) and Secondary Steam
Removal. (Refer to Table 5.1.3-1). The safety function, Core Heat
Removal, refers to termination of RCP Operation and the safety
function, RCS Pressure Control, refers to operation of auxiliary
sprays.

The event tree accident sequences were filtered using a frequency
cutoff of 10-8 per year. The sequences that lead to core damage
conditions are discussed in detail in Section 7.1.1. The branch
headings are briefly discussed below:
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Branch
Designation

FABLE 5.1.4-1

LOSS OF SECONDARY HEAT SINK
EVENT TREE BRANCH DEFINITIONS

Branch
Title

Failure Criteria

LF

Initiating Event

Fail to Deliver AFW Flow

Failure to Restore Feed Flow

Failure to Restore Feed Flow

Failure of Alt, Sec.
Capability

Failure to Remove Secondary

Steam

Failure to Terminate RCP
Operation

Failure to Initiate
Auxiliary Spray Flow

5-10

Loss of Main Feedwater Flow,
Plant /Reactor Trip Events and
Failure to Deliver 5% MFW Bypass
Flow from 1 of 2 MFW Pumps to 1
SG

Failure to Automatically Deliver
AFW Flow from 1 of 3 AFW Pumps to
One SG

Failure to Manually Restore AFW
Flow from 1 of 3 AFW Pumps to 1 SG
in 50 Minutes Followino a Loss of
Main and Auxiliary Feed Flow

Failure to Manually Restore AFW
Flow from 1 of 3 AFW Pumps to 1 SG
in 20 Minutes Following a Lois of
Main and Auxiliary Feed Flow

Failure to Manually Establish Feed
Flow from a Low Pressure Secondary
Heat Sink (Flow from 1 of 3
Condensate Pumps delivered to 1 SG)
in 50 minutes

Failure to Remove Steam from SG by
Opening 1 of 4 TBVs, 1 of 2 ADVs or
1 of 18 MSSVs

Failure to Manually Terminate RCP
Operation Upon Indication of Total
Loss of Feed Flow

Failure to Deliver Auxiliary Spray
Flow from 1 of 3 Charging Pumps to
the Pressurizer

These branches are applicable as-+ming feed and bleed capability is
provided.




TABLE 5,1.4-1
(continued)
LOSS OF SECONDARY HEAT SINK
EVENT TREE BRANCH DEFINITIONS

Branch Branch
Designation Title Failure Criteria
Y Failure of Feed and Bleed Failure to Establish Flow through
Operation 2 of 2 PORV Trains and to Deliver
Makeup Flow from 1 of 3 HPSI Pumps
and 1 of 21Charging Pumps or 2 of 3
HPSI Pumps
Sz Failure of Containment Failure of 2 of 2 Containment
Sprays Spray Traini to Deliver Flow to
Containment
R Failure to Achieve HP Failure to Provide Flow to the RCS

1

Recirculation

from 1 of 2 HP Pumps Taki?g Suction
from the Containment Sump

These branches are applicable assuming feed and bleed capability is

provided.
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LF

The initiating event is defined as the frequency of loss of
operating main feedwater flow from plant/reactor trip events and
the probability of loss of the 5% MFW bypass flow. The
frequency of the initiating event was determined by fault tree
analysis in Section 6,10,

The failure probability of the Auxiliary Feedwater System was
also determined by fault tree analysis presented in Section
6.11. The analysis models the failure to automatically deliver
AFW flow. No operator action to start or restore AFW flow is
included in the model. Recovery actions are addressed in a
separate analysis (Section 6.17) and are based on the dominant
AFW system cutsets,

Following the initiating event and loss of AFW flow, operator
action will be directed towards restoration of AFW system, The
operator has approximately 50 minutes to re-establish AFW flow
before core damage conditions are unavoidable (28, Section

2.8). A task analysis was performed to determine the human error
probability for failure to restore AFW in the 50 minute time
period in Section 6.17,

At 50 minutes following reactor trip, operating procedures will
guide the operator to depressurize the secondary system and feed
the steam generators directly with a condensate pump. This
secondary heat sink is referred to as the Alternate Secondary
Heat Removal Capability. The fault tree analysis is presented in
Section 6.13. Note that the Alternate Secondary Heat Removal
Capability (condensate system) is dependent upon offsite power.
Use of this system will be implemented only after restoration of
AFW fails,
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5.1.4,2

The Loss of Secondary Heat Sink with Feed Bleed Operation Event Tree
is presented in Figure 5.1.4.2-1. The safety function, RCS Heat
Removal, is provided by the Auxiliary Feedwater System, Restoration of
Feed Flow, Secondary Steam Removal and direct RCS heat removal by
primary Feed and Bleed Operation. The safety function Core Heat
Removal refers to termination of RCP operation. The safety

function, RCS Pressure Control, is provided directly by PORV

operation (Refer to Table 5.1.3-1).

Failure to remove secondary steam refers to the inability to
release steam energy through the steam generators. Following a
loss of feedwater event, steam generated in the steam generators
may be conveyed directly to the condenser via the TBVs or
directly released to the atmosphere by the ADVs or MSSVs.

Failure to remove secondary steam is equivalent to a loss of heat
sink in this analysis (See Section 6.9).

Per Combustion Engineering Emergency Procedure Guidelines

(3), RCP operation is to be terminated upon indication of a

total loss of feed flow event. Termination of pump operation
results in natural circulation in the core and minimizes the heat
added to the primary coolant by the pump operation.

The pressurizer auxiliary sprays are used to depressurize the
primary side, Due to failure of the auxiliary sprays, the
primary pressure criteria fo~ shutdown cooling entry conditions
is not achieved. This results in a stable core configuration
with a Tong term demand on the safety function, RCS Heat Removal.
The fault tree analysis for Fail to Initiate Auxiliary Spray Flow
is presented in Section 6.2,

Loss of Secondary Heat Sink with Feed and Bleed Operation Event
Tree
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Feed and Bleed Operation, in addition to establishing flow through ‘
PORVs and providing the associated makeup flow, requires the

establishment of High Pressure (HP) Recirc lation flow. The discharge

of primary coolant into containment via the PORVs is conservatively

assumed to result in the automatic initiation of the containment

sprays. Containment spray pumps and the HPSI System initially utilize

the same source of water, the Refueling Water Tanks (RWTs). Upon

depletion of RWT inventory, HP pump suction will automatically switch

to the containment sump and enter the recirculation mode of

operation. It is assumed that shutdown cooling entry conditions will

be achieved following successful feed and bleed operation.

The event tree accident sequences were filtered using a cutoff
frequency of 10-9 per year in order to add visibility to certain
sequences. The core damage sequences are discussed in Section 7.1.2.
The branch headings are defined in Table 5.1.3-1 and are discussed
below:

LF Initiating Event - same as Section 5.1.4.1.

G, Failure to Deliver Auxiliary Feed Flow - See discussion for
Branch G1 in Section 5.1.4.1.

U, Following the initiating event and loss of auxiliary feed flow,
operator action will be directed towards restoration of
Auxiliary Feedwater System. However, at 20 minutes following the
reactor trip event, the operator is assumed to commence primary
feed and bleed operation by opening the power-operated relief
valves (PORVs) (28, Section 2.8). Once feed and bleed
operation is initiated, the operator will terminate restoration
actions and use the direct RCS heat removal system. The
restoration task analysis presented in Section 6.17 therefore
allowed only 20 minutes for restoration actions.
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Failure to Remove Secondary Steam - See discussion for Branch

“l in Section 5.1.4.1.

Failure to Terminate RCP Operation - See discussion for Branch X
in Section 5.1.4.1.

The failure probability for the primary Feed and Bleed System was
determined by fault tree analysis in Section 6.5. The successful
initiation of Feed and Bleed flow at 20 minutes, opening of both
PORYV trains and providing the required primary inventory makeup,
result in acceptable core conditions, i.e. peak cladding
temperatures less than 2200°F, (28, Section 2.8). Note that

the Feed and Bleed System design employed in the analysis, is not
redundant; both PORV trains are required for successful operation.

Failure of the conLainment sprays to deliver flow to

containment results in a larger RWT inventory for feed and bleed
operation., If containment sprays are not actuated, the RWT
inventory is sufficient for continued Feed and Bleed Operation
until shutdown cooling entry conditions are reached. If
containment sprays are actuated, Feed and Bleed Operation
requires operation of the HP recirculation mode. Failure of
containment cooling (containment sprays and fans) is investigated
in the event tree analysis on PORV induced LOCA, (See Section
5.3)

Failure to achieve high pressure recirculation refers to
inability to provide flow to the RCS loops by at least one of two
high pressure pumps that take suction from the containment sump.
Additional information on high pressure recirculation and the
fault tree results are provided in Section 6.1.
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5.2 STEAM GENERATOR TUBE RUPTURE

5.2.1 Initiating Events

For this evaluation, a SGTR is defined as a tube leak or rupture whose
maximum leak flowrate exceeds the capacity of the charging system. Four
distinct initiating events focusing on SGTR were defined for input to the
SGTR analysis. Each initiating event addresses a slightly different aspect
of tube rupture and challenges the plant in a slightly different fashion.
The four initiating events are defined as follows:

. Initiating event 1 is defined as one or more tube ruptures occurring
in one steam generator, Offsite power is assumed to be available at
the time of the initiating event.

- Initiating event 2 is defined as one or more tube ruptures occurring
in one steam generator with a coincident loss of offsite power.

- Initiating event 3 is defined as one or more tube ruptures occurring
in both steam generators. Offsite power is assumed to be available at
the time of the initiating event.

. Initiating event 4 is defined as one or more tube ruptures occurring
in both steam generator- with a coincident loss of offsite power,

The procedure for determining SGTR initiating event frequencies and the
calculated results are presented in Section 4.3.2.

5.2.2 Normal Sequence of Events

The normal sequence of events following a SGTR is similar for tube ruptures
in one or two steam generators. For a SGTR in one steam genzrator, the
affected SG is isolated and secondary cooldown is initiated and maintained
from the unaffected steam generator. For tube ruptures in both steam
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generators the most affected SG is isolated and cooldown is accomplished
using the least affected SG. Table 5.2.2-1 presents the normal sequence of
events for SGTR assuming offsite power is available at the time of the

initiating event.

The normal sequence of events varies for the cases where offsite power is
unavailable at the time of the initiating event, In this instance the
initiating event will be defined as tube rupture(s) in one or two SGs

with a coincident loss of offsite power. The normal sequence of events is
presented in Table 5.2.2-2.

5.2.3 Functional Event Tree

The SGTR functional event tree, presented in Figure 5.2.3-1, was

developed to determine the functional accident sequences tha* could lead to
potential core damage. The functional event tree was developed for the
current plant design and for the plant design assuming PORVs were
installed. As depicted in Table 5.2.3-1, each safety function can be
defined in terms of functional elements which are used as intermediaries to
correlate the five anti-core melt safety functions (32) to the specific
plant systems or actions required to mitigate a SGTR. The list of
associated actions provides the logical groundwork for constructing a
system/action level event tree which can be used to generate more detailed
accident scenarios.

The following functional accident sequences were obtained from the SGTR
functional event tree:

Sequence 1 Sequence 1 represents the initiating 2vent, steam generator

tube rupture. For this case, all safety functions are
maintained and the core is protected.
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TABLE 5.2. 2‘1
NORMAL SEQUENCE OF EVENTS FOR SGTR

Reactor/Turbine Trip.

SBCS Quick Open of TBYs . TBVs reclose.

SIAS on Low Pressurizer Prassure,

Operator initiates cooldown by manually operating the Turbine Bypsass
System in conjunction with either Main Feedwater or Auxiliary
Feedwater.

At Tyor £ 535°F the operator isolates the affected or most
affecged steam generator and continues conling with the unaffected or

least affected SG.

Auxiliary Spray is initiated to commence RCS wenressurization. 1
(PORVs could be used if the Auxiliary Spray bys:em was unavailable).

Throttle HPSI Flow to prevent repressurization.

If necessary, blowdown can pe initiated from the isolated SG to
prevent overfilling.

When condenser vacuum can no longer be maintained, coo’idown continues
by establishing flow from the ADV on the unaffected or least affected
SG.

Shutdown cooling entry conditions achieved.

PORVs are not included in the current plant design.
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TABLE 5.2.2-2

NORMAL SEQUENCE OF EVENTS FOR SGTR WITH C

Reactor/Turbine Trip.
MSSVs automatically open and reclose.
SIAS is generated on Low Pressurizer Pressure.

Cooldown is initiated by operation of the Atmospheric Dump System in
conjunction with the Auxiliary Feedwater System.

At THPT ¢ 535°F the operator isolates the affected or most

affected SG and continues cooling with the unaffected or least
affected SG.

Auxiliary Spray is initiated to commence RCS depressurization, (PORVs
could be used if th2 Auxiliary Spray System was unavailable).’

Throttle KPSI flow to prevent repressurization.
Continue cooling using the ADV on the unaffected or least affected SG.

Shutdown cooling entry conditions achieved.

PORVs are not included in the current plant design.




FIGURE 5.2.3-1

SGTR FUNCTIONAL EVENT TREE

INITIATING REACT IVITY RCS INVENTORY RCS PRESSURE CORE HEAT RCS HEAT
EVENT CONTROL CONTROL CONTROL REMOVAL REMOVAL
MAINTAIN SG PRESS MAINTAIN

SGTR REACTOR TRIP INVENTORY MAKE-UP [DEPRESSURIZATION NONE SECONDARY
LIMIT RCS PRESSURE HEATSINK




TABLE 5.2.3-1

SGTR FUNCTIONAL EVENT TREE CONSIDERATIONS

SAFETY FUNCTION

Reactivity Control

FUNCTIONAL ELEMENTS

Reactor Trip

ASSOCIATED SYSTEMS/ACTIONS

Reactor Tr1p1

RCS Inventory
Control

Inventory Makeup

High Pressure Safety Injection

Maintain SG Pressure

Trip Turbine

Reclose Normally Opening
Secondary Steam Valves

Prevent Unnecessary Opening of
Secondary Steam Valves

Limit RCS Pressure

Throttle HPSI

RCS Pressure Depressurization Auxiliary Sprays
Control PORVS

Core Heat None There are no specific

Removal systems /actions required for
Core Heat Removal except
through RCS Inventory Control

RCS Heat Maintain Secondary Loss of Secondary Heat Sink is

Removal Heat Sink addressed in Section 5.1

1 ATWS will not be considered in the scope of this evaluation
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Sequence 2

Sequence 3

Sequence 4

Sequence 5

Sequence 2 consists of a SGTR with a coincident loss of
secondary heat sink (LOHS). Since the transient and long
term effects of a loss of secondary heat sink are rigorously
addressed in Section 5.1, it was felt that evaluating the
consequences of a SGTR with a coincident LOHS would not
yield any new information. Therefore, LOHS is considered to
be outside the scope of this evaluation.

Failure to depressurize the RCS could lead to a large
integrated leak flow. If all other safety functions are
maintained, shutdown cooling entry conditions should still
be achieved.

Sequence 4 is best discussed in terms of the SGTR functional
elements that define RCS inventory control.
e Inventory Make-Up: If depleting RCS inventory is
not replenished, the core will eventually uncover,
e Maintain SG Pressure: If SG pressure is not
maintained, the pressure differential between the
primary and secondary side can lead to a high
integrated leak flow. Core damage will result if the
total volume of the leak flow exceeds the long term
capacity of the RWT,
o Limit RCS Pressure: HPSI flow should be throttled
during RCS cooldown to limit RCS pressure and prevent a
large integrated leak flow. Failure to throttle HPSI
can lead to SG overfill provided the blowdown system is
unavailable for draining. SG overfill can result in
unnecessary openings of the ADVs or MSSVs.

Failure to depressurize the RCS combined with any of the
functional elements in sequence 4 will increase the leak
flow rate and, if applicable, hasten the time to core
uncovery.
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|
' Sequence 6 As discussed in Section 2.2.1.1, ATWS is not considered in ‘

the scope of this pregram.

5.2.4 Systemic Event Trees

The system/action level event trees for SGTR were developed by expanding
the associated systems/actions 1ist presented in Table 5.2.3-1 to include
the various secondary valves and the failure mechanisms that could lead to
unnecessary valve openings. A separate event tree was constructed for each
of the four SGTR initiating events defined in Section 5.2.1. It was felt
that a complete re-evaluation of each SGTR event tree, assuming PORVs were
installed (i.e. including an extra branch in each event tree to model the
PORVs ), would not provide any new information for the following reasons:

] PORY LOCA following SGTR is addressed in Section 5.3.4.2.

‘ - The assumed role of PORVs in SGTR events is to provide backup RCS
depressurization capability should the Auxiliary Spray System be
unavailable. (It should be noted that the Auxiliary Spray System
provides a safety reiated capability for depressurization.) The
results of the SGTR event tree an*' ¢ s (assuming no PORVs are
installed) do not indicate the Auxiliary Spray System to be a
significant contributor to the SGTR core damage frequencies,
therefore, the impact of PORVs on SGTR core damage frequency is
assumed to be negligable. This assumption is supported by a
quantitative discussion of the use of PORVs as a backup to the
Auxiliary Spray System in Section 7.2.5.

. Re-evaluating each SGTR event trze with a extra branch to model PORY
depressurization capability would unnecessarily increase the sizes of
the event trees (and therefore the required compute~ .ime) without
generating any new core damage sequences, i.e. any core damage
sequence including the PORVs would be filtered out on lew frequency.




Table 5.2.4-1 defines the event tree branches and associated failure
criteria that are used as input to the four event trees. Fault tree

results for each branch are presented in Section 6.0.
5.2.4.1 SGTR in One SG Event Tree

The SGTR in One SG Event Tree is presented in Figure 5.2.4.1-1. The
safety function, RCS Inventory Control, is provided by the following
actions:

Delivery of High Prassure Safety Injection

Turbine Trip

Successful Operation of Normally Opening Secondary Steam
Valves

Prevention of Unnecessary Openings of Secondary Steam
Valves

Throttling of High Pressure Safety Injection

The safety function, RCS Pressure Control, is provided by the
Auxiliary Spray System. If the Auxiliary Spray System was unavailable
PORVs could provide back-up depressurization capability. (See Section

7.2.5.) PORVs are not included in the current plant design.

For this event tree the accident sequences were filtered using a

frequency cutoff of 10-8 per year. The scenarios that lead to

potential core damage are presented in Section 7.2.1. The event tree
branches used to construct the event tree, SGTR in One SG, are
discussed below.

The initiating event is defined as one or more tube ruptures in
steam generator SG-088 with offsite power available at the time
of the initiating event. The initiating event frequency is

calculated in Section 4.3.2.




TABLE 5.2.4-1

SGTR EVENT TREE BRANCH DEFINITIONS

Branch Branch
Designation Title Failure Criteria
Tl Initiating Event SGTR in one SG
T2 SGTR in one SG with coincident LOOP
T3 SGTR in two SGs
T4 SGTR in two SGs with coincident
LooP
B Fail to Deliver Failure to deliver flow from 1 of 3
Sufficient HPSI Flow HPSI pumps to the RCS on SIAS and
failure to maintain sufficient HPSI
flow (A').
B Turbine Fails to Trip Failure to completely terminate
on Reactor Trip steam flow to the high pressure
turbine on reactor trip.
Cl Turbine Bypass Valves 4 of 4 TBVs fail to quick open
Fail to Quick Open following turbine trip.
D Turbine Bypass Valve 1 of 4 TBVs fails to reclose
Fails to Reclose following quick open or during
cooldown.
£y MSIV on Affected (or The MSIV on the affected SG fails
Most Affected) SG to close on MSIS.
Fails to Close
Fq Loss of TBV Flow Prior Termination of TBV flow prior to
to Isolation of the isolation of the affected SG
Affected (or Most
Affected) SG
F2 Loss of TBV Flow After Termination of TBV flow after
Isolation of the isolation of the affected SG
Affected (or Most
Affected) SG
H ADV on Unaffected (or Failure to terminate ADV flow
Least Affected) on the unaffected SG
SG Fails to Close
Il MSSV on Unaffected One MSSV on the unaffected

(or Least Affected)
SG Fails to Reclose

SG fails to reseat or reclose
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TABLE 5.2.4’1
(continued)
SGTR EVENT TREE BRANCH DEFINITIONS

Branch Branch
Designation Title Failure Criteria

J ADV on Unaffected Failure to initiate steam flow
(or Least Affected) through the ADV on the
SG Unavailable unaffected SG.

K ADV on Affected (or Failure to initiate steam flow
Most Affected) 3G through the ADV on the affected
Unavailable SG.

L ADV on Affected (or Failure to terminate ADV flow
Most Affected) SG on the affected SG.
Fails to Close

M MSSV on Affected (or One MSSV on the afferted SG
Most Affected) SG fails to reseat or reclose.
Fails to Reclose

N Fail to Initiate 1 Failure to deliver auxiliary
Auxiliary Spray flow spray flow from 1 of 3 charging

pumps to the pressurizer.
0 Fail to Throttle HPSI The operator fails to throttle
HPSI flow.

P1 Excess Feedwater to Excess AFW flow to the affected
Affected (or Most or most affected SG.
Affected) SG

Q Fail to Initiate Fail to initiate blowdown from
Blowdown from the the affected SG.
Affected SG

12 MSSV on Least Affected One MSSV on the least affected
SG Fails to Close on SG fails to reclose following
Turbine Trip turbine trip.

"2 MSSV on Most Affected One MSSV on the most affected SG

SG Fails to Close
on Turbine Trip

addressed in Section 7.2.5.

fails to reclose following turbine
trip.

The use of PORVs as a backup to the Auxiliary Spray System will be
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Branch
Designation

TABLE 5.2.4-1
(continued)
SGTR EVENT TREE BRANCH DEFINITIONS

Branch
Title

Failure Criteria

MSIV on Least Affected
SG Fails to Close

No blowdown from Most
Affected SG

No Blowdown from Least
Affected SG

Fail to Initiate
Blowdown

Excess Feedwater to
Least Affected SG

Excess Feedwater to
Least Affected SG

The MSIV on the least affected
SG fail to close on MSIS.

Blowdown isolation valve on most
affected SG fails to open.

Blowdown isolation valve on least
affected SG fails to open.

Failure to initiate blowdown
from both steam generators.

Excess AFW flow to the least
affected SG.

Excess MFW or AFW flow to least
affected SG.




Failure to Deliver Sufficient HPSI flow refers to the delivery of ‘
one pump flow to two RCS luops. The fault tree analysis for

Failure to Deliver Sufficient HPSI flow (assuming offsite power

is available at the time of the initiating event) is presented in

Section 6.1.

Failure of the Turbine to Trip on reactor trip refers to one
flowpath through the turbine remaining open long enough to
generate a MSIS on low SG pressure. If the MSIV on the affected
SG fails to close, uncontrolled SG blowdown will occur through
the turbine. If the MSIV closes successfully, the sudden
termination in steam flow will result in a challenge to one MSSV
on the affected SG6. The probability for Failure to Trip the
Turbine is presentea in Section 6.6.4.

The TBVs normally quick open following turbine trip to prevent
unnecessary opening of the MSSVs. Should the TBVs fail to quick
open, a combination of MSSVs with steam flow capacity equal to

that of the TBVs will open to relieve SG pressure. The fault
tree analysis for TBVs Fail to Quick Open is presented in Section
6.6.

Failure of one TBV to reclose following quick open or during
cooldown prior to isolation of the affected SG will result in
generation of a MSIS. Should the MSIV on the affected SG fail

to close, uncontrolled SG blowdown will occur through the Turbine
Bypass System., If the MSIV closes successfully, the sudden
termination in steam flow will result in a challenge to one MSSV
on the affected SG. The fault tree analysis for One TBV Fails to
Reclose is presented in Section 6.6.

MSIV on Affected SG Fails to Close refers to the MSIV on SG-088

failing to close on MSIS. The fault tree analysis for MSIV on
SG-088 Fails to Close is presented in Section 6.7.
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FIGURE 5.2.4.1-1

cr

SG SYSTEMIC EVENT TREE

*The above minimal core damage sequences are evaluated and discussed in
Section 7.2.

Note: Any branches excluded from the above event tree have been eliminated
due to lo

)gic rules or the frequency cut-off as discussed in Section 2.2.1
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Loss of turbine bypass flow prior to isolation of the affected
SG will result in a challenge to one MSSV associated with the
affected SG. The fault tree analysis is presented in Section 6.6.

Loss of turbine bypass flow after isolation of the affected SG
will eventually result in a challenge to one MSSV associated with
the unaffected SG. This is based on the assumption that the
isolated SG is in a relatively steady state condition while the
sudden termination of steam flow from the unaffected SG results
in an upward pressure transient. If the ADV on the unaffected SG
is unavailable (e.g. the operator fails to open the ADV), one
MSSV on the unaffected SG will open. The fault tree analysis for
Loss of TBV Flow After Isolation of the Affected SG is presented
in Section 6.6.

ADV on Unaffected SG Fails to Close refers to the ADV associated
with SG-089 failing to close after being manually opened
following a turbine bypass system failure after isolation of the
affected SG. The failed open ADV results in a MSIS, however, the
MSIS would have no impact on the isolated SG. The fault tree
analysis for ADV on SG-089 Fails to Close is presented in Section
6.8.

MSSY on Unaffected SG Fails to Reclose refers to one MSZV on
SG-089 failing to close after being challenged on turbine trip
(following a TBS failure) or following a failure of the
associated ADV to open. Five MSSVs are assumed to open on SG-089
if the TBVs fail to quick open. If the ADV is unavailable when
required, one MSSV will open. The fault tree analysis is
presented in Section 6.9,

ADV on Unaffected SG Unaailable refers to the ADV associated
with SG-089 failing to open (e.g., operator fails to open ADV) in
response to a TBS failure following isolation of the affected

SG. The fault tree analysis is presented in Section 6.8.
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ADV on Affected SG Unavailable refers to the ADV on SG-088
failing to open (e.g., operator fails to open ADV) in response to
SG overfill conditions. The fault tree analysis is presented in
Section 6.8.

ADV on Affected SG Fails to Close refers to the ADV on SG-088
failing to close after being manually opened following a SG
overfill. A failed open ADV on the affected SG results in a
direct flowpath for RCS inventory from the primary system to the
atmosphere (outside containment LOCA). The fault tree analysis
for ADV on SG-088 Fails to Close is presented in Section 6.8.

MSSV on Affected SG Fails to Reclose refers to one MSSV on SG-088
failing to close after being challenged by a failure of the TBVs
to quick open or a failure of the ADV on the affected SG to

open. Five MSSVs are assumed to open on SG-088 if the TBVs fail
to quick open, If the ADV is unavailable when required, one MSSV
will open. A failed open MSSV on the affected SG results in an
outside containment LOCA. The fault tree analysis is presented
in Section 6.9.

Failure to Initiate Auxiliary Spray Flcw results in a high
primary to secondary pressure ratio which leads to a large
integrated leak flow. The failure to deliver auxiliary spray in
conjunction with the failure to initiate blowdown from the
affected SG results in SG overfill and a challenge to the ADV.
The fault tree analysis for Fail to Initiate Auxiliary Spray Flow
(assuming offsite power is available at the time of the
initiating event) is presented in Section 6.2,

Fail to Throttle HPSI refers to maintaining a relatively high RCS
pressure through continued delivery of safety injection near the
shutoff head. Failure to Throttle HPSI in conjunction with the
failure to initiate blowdown from the affected SG results in SG
overfill and a challenge to the ADV. The probability for Fail to
Throttle HPSI is presented in Section 6.1,
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Excess feedwater refers to uncontrolled delivery of auxiliary
feedwater to SG-088, Excess feedwater in conjunction with
failure to in‘tiate blowdown from the affected SG results in SG
overfill and a challenge to the ADV. The fault tree analysis is

presented in Section 6.11.

Fail to Initiate Blowdown from the Affected SG refers to failing
to initiate blowdown flow from SG-088. The fault tree analysis

is presented in Section 6,12,

5.2.4.2 SGTR in One SG with Coincident LOOP Event Tree

The SGTR in One SG with Coincident Loss of Offsite Power event tree is
presented in Figure 5.2.4.2-1. The safety functions are provided by
the systems/actions listed in Section 5.2.4.1. For this event tree
the accident sequences were filtered using a frequency cutoff of

10-10 per year. Because the initiating event frequency includes

the probability of loss of offsite power, it was felt that a cutoff

frequency of 10‘lo per year rather than 10"“per year would

provide increased visibility of the significance of the output
scenarios obtained from the event tree. The scenarios that lead to
potential core damage are presented in Section 7.2.2. The event tree
branches used to construct the event tree, SGTR in One SG with
Coincident LOCP, are discussed below.
T2 The initiating event is defined as one or more tube rupturas in
SG-088 with a coincident loss of offsite power on turbine trip.
The initiating event frequency is calculated in Section 4,3.2,

It should be noted that for SONGS a loss of offsite power results

-

in 1oss of the Turbine Bypass System and loss of the Blowdown

Processing Syste

Failure to | ve ficient HPSI Flow refers to the delivery of
one pump wo R loops. When offsite power is
unavailable, the unreliability of the HPSI system becomes a

significant contributor (>10%) to the system failure
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due to logic rules or the frequency cut-off as discussed in Section
5-35

Any branches excluded from the above event tree have been eliminated
€.8.1,

Note:



probability. Branch A can actually be separated into two
distinct failure modes; failure of the system to supply
sufficient flow on SIAS and failure of the system to maintain

flow. Although the event tree only includes one input branch for
the HPSI system, separate uncertainty analyses were performed on
the unavailability and the unreliability. Failure of the HPSI
system to maintain flow is defined by branch A' in the scenarios
presented in Section 7.2.2. The fault tree analysis for Failure
to Deliver Sufficient HPSI flow (assuming offsite power is
unavailable) is presented in Section 6.1.

Turbine Fails to Trip on Reactor Trip. See discussion for branch
B in Section 5.2.4.1.

MSIV on Affected SG Fails to Close. See discussion for branch
El in Section 5.2.4.1.

ADV on Unaffected SG Fails to Close. For this event tree, the

ADVs are opened by the operator to initiate ccoldown. A failed
cpen ADV on SG-089 results in a MSIS. The fault tree analysis

for ADV on SG-089 Fails to Close is presented in Section 6.8.

MSSV on Unaffected SG Fails to Close on Turbine Trip refers to
one MSSV on SG-089 failing to close on turbine trip. Five MSSVs
are assumed to open on SG-089 following turbine trip. A
subsequently failed open MSSV results in a MSIS., The fault tree
analysis is presented in Section 6.9.

ADV on Unaffected SG Unavailable refers to the ADV associated
with SG-089 failing to open (e.g., operator fails to open ADV)
wher required i.e., initiation of cooldown or following an MSIS
to prevent a MSSV from opening. The fault tree analysis for ADV
on SG-089 Fails to Open is presented in Section 6.8.
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ADV on Affected SG Unavailable refers to the ADV on SG-(88
failing to ooen (e.g. operator fails to open ADV) in response to
a challenge i.e., initiation of cooidown, MSIS, or SG overfill.

The fault tree analysis is presented in Section 6.8.

ADV on Affected SG Fails to Close refers to the ADV on SG-088
failing to close after being manually opened. A failed open
ADV on the affected SG results in a direct flowpath for RCS
inventory from the primary system to the atmosphere (outside
containment LOCA). The fault tree analysis is presented in
Section 6.8.

MSSV on affected SG Fails to Close on Turbine Trip refers to

one MSSV on SG-088 failing to close on turbine trip. Five MSSVs
are assumed to open on SG-088. For this event tree, branch Ml’
as defined in Section 5.2.4.1, is separated into branches My

and MZ' The separation of these branches simplifies the

logical construction of the event tree, i.e. branch HZ

represents the case where the MSSVs open on turbine trip and
branch M1 represents all other cases where one MSSV opens only
if the associated ADV is unavailable. The fault tree analysis is
presented in Section 6.9.

MSSV on Affected SG Fails to Reclose refers to one MSSV
associated with SG-088 failing to close after being challenged
by a failure of the ADV associated with SG-088 to open due to
initiation of cooldown, MSIS or SG overfill. A failed open MSSV
on the affected SG results in an outside containment LOCA. The

fault tree analysis is presented in Section 6.9.

Fail to Initiate Auxiliary Spray Flow. See discussir~ ior branch
2

N in Section 5.2.4.1., Since the blowdown system i< unavailable

wies
failure to initiate auxiliary spray will result in SG overfill,
The fault tree analysis for Fail to Initiate Auxiliary Spray Flow
(assuming offsite power is unavailable) is presented in Section

6.2.




0 Fail to Throttle HPSI. See discussion for branch 0 in Section
5.2.4.1. Since the blowdown system is unavailable, failure te¢
throttle HPSI will result in SG overfill.

P1 Excess Feedwater., See discussion for branch P1 in Section
5.2.4.1. Since the blowdown system is unavailable, excess
feedwater will result in SG overfill.

5.2.4.3 SGTR in Two Steam Generators Event Tree

The SGTR in Two Steam Generators Event Tree is presented in Figure
5.2.4.3-1. The safety functions are provided by the systems/actions
listed in Section 5.2.4.1. For this event tree the accident sequences
were filtered using a frequency cutoff of 10-8 per year., The
scenarios that lead to potential core damage are presented in Section
7.2.3. The event tree model includes the assumption that the operator
will be able to define a most affected and a Teast affected SG. He
will isolate the most affected SG and cooldown the plant with the
least affected SG. The event tree branches used to construct the
event tree, SGTR in Two Steam Generators, are discussed below.

T3 The initiating event is defined as one or more tube ruptures in
both steam generators with offsite power available at the time of
the initiating event. The initiating event frequency is
calculated in Section 4.3.2.

A Fail to Deliver Sufficient HPSI. See discussion for branch A in
Section 5.2.4.1,

B Failure of the turbine to trip on reactor trip refers to one
flowpath through the turbine remaining open long enough to
generate a MSIS on low SG pressure., If the MSIV on either the
most affected or least affected SG fails to close, uncontrolled
SG blowdown will occur through the turbine. If both MSIVs close
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FIGURE 5.2.4.3-1

SGTR IN TWO SGs SYSTEMIC EVENT TREE

*The above minimal core damage sequences are evaluated and discussed in

Section 7.2.

Note:

Any branches excluded from the above event tree have been eliminated due

to logic rules or the frequency cut-off as discussed in Section 2.2.1.
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successfully, the sudden termination in steam flow will result in
a challenge to one MSSV on the most and least affected steam
generators. The probability for Failure to Trip the Turbine is
presented in Section 6.6.4,

TBVs Fail to Quigk Open. See discussion for branch Cl in
Section 5.2.4.1.

Failure of One TBV to reclose following quick open or during
cooldown prior to isolation of the most affected SG will result
in generation of a MSIS. Should either MSIV fail to close,
uncontrolled SG blowdown will occur through the Turbine Bypass
System, If both MSIVs close successfully, the sudden termination
in steam flow will result in a challenge to one MSSV on each SG.
The fault tree analysis is presented in Section 6.6.

MSIV on Most Affected SG Fails to Close. See discussion for
branch El in Section 5.2.4.1.

MSIV on Least Affected SG Fails to Close refers to the MSIV on
SG-089 failing to close on MSIS. The fault tree analysis is
presented in Section 6.7.

Loss of turbine bypass flow prior to isolation of the most
affected SG will result in a challenge to one MSSV on each SG.
The fault tree analysis is presented in Section 6.6.

Loss of turbine bypass flow after isolation of the most
affected SG will eventually result in a challenge to one MSSV
associated with the least affected SG. This is based on the
assumption that the isolated SG is in a relatively steady state
condition while the sudden termination in steam flow from the
least affected SG results in an upward pressure transient, The

5-40



ADV on the least affected SG could be opened by the operator (to
prevent the MSSV from opening) and fail to close, or if it was
unavailable, one MSSV on the least affected SG would open. The
fault tree analysis is presented in Section 6.6.

ADV on Least Affected SG Fails to Close refers to the ADV
associated with SG-089 failing to close after being manually
opened following a TBS failure or SG overfill. A failed open

ADV on the least affected SG results in a direct flowpath for RCS
inventory from the primary system to the atmosphere (outside
containment LOCA). The fault tree analysis is presented in
Section 6.8.

MSSV on Least Affected SG Fails to Reclose refers to one MSSV

on SG-089 failing to close after being challenged by a failure of
the TBVs to quick open or a failure of the ADV on the least
affected SG to open. A failed open MSSV on the least affected SG
results in an outside containment LOCA. The fault tree analysis
is presented in Section 6.9.

ADV on Least Affected SG Unavailable. See discussion for branch
J in Section 5.2.4.1.

ADV on Most Affected SG Unavailable, See discussion for branch K
in Section 5.2.4.1.

ADV on Most Affected SG Fails to Close. See discussion for
branch L in Section 5.2.4.1.

MSSV on Most Affected SG Fails to Reclose. See discussion for
branch M1 in Section 5.2.4.1.

Failure to Initiate Auxiliary Spray Flow results in a high
primary to secondary pressure ratio which leads to a large
integrated leak flow to both SGs. The failure to deliver
auxiliary spray in conjunction with the failure to initiate
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blowdown from either or both SGs results in SG overfill and
challenges one or both ADVs. The fault tree aralysis for Fail to
Initiate Auxiliary Spray Flow (assuming offsite power is
available at the time of the initiating event) is presented in
Section 6.2.

Fail to Throttle HPSI refers to maintaining a relatively high RCS
pressure through continued delivery of safety injection near the
shutoff head. Failure to throttle HPSI in conjunction with
failure to initiate blowdown from either or both SGs results in
SG overfill and challenges one or both ADVs. The probability for
Fail to Throttle HPSI is presented in Section 6.1.

Excess Feedwater to the Most Affected SG. See discussion for
branch Pl in Section 5.72.4.1.

Excess Feedwater to the Least Affected SG refers to

uncontrolled delivery of main feedwater or auxiliary feedwater to
SG-089. Excess feedwater in conjunction with failure to initiate
blowdown from SG-039 results in SG overfill and a challenge to
the ADV on that SG. The fault tree analysis is presented in
Section 6.11.

No Blowdown from Most Affected SG refers to a loss of blowdown
flow only from SG-088. (Blowdown can still be initiated from
SG-089). This branch includes failure to open the blowdown
isolation valve on SG-088. The fault tree analysis is presented
in Section 6.12.

No Blowdown from Least Affected SG refers to a loss of blowdown
flow only from SG-089. (Blowdown can still be initiated from
SG-088). This branch includes failure to open the blowdown
isolation valve on SG-089, The fault tree analysis is presented
in Section 6.12.
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Qg Fail to Initiate Blowdown refers to the failure to initiate '
blowdown from both steam generators. This branch includes only
the blowdown system failures which will result in a loss of the
entire blowdown system. The fault tree analysis is presented in
Section 6.12.

5.2.4.4 SGTR in Two SG with Coincident LOOP Event Tree

The SGTR in Two SG with Coincident Loss of Offsite Power Event Tree is
presented in Figure 5.2.4.4-1. The safety functions are provided by
the systems/actions listed in Section 5.2.4.1. For this event tree
the accident sequences were filtered using a frequency cutoff of

10-10 per year. Because the initiating event frequency includes

the probability of loss of offsite power, it was felt that a cutoff
frequency of 10-10 per year rather tha~ 10-8 per year would

provide increased visibility of the signiricance of the output
scenarios obtained from the event tree. The scenarios that lead to
potential core damage are presented in Section 7.2.4. The event tree

branches used to construct tre event tree, SGTR in Two SG with
Coincident LOOP, are discus:=d below.

T4 The initiating event is defined as one or more tube ruptures in
both steam generators with a coincident loss of offsite power on
turbine trip. The initiating event frequency is calculated in
Section 4.3.2. It should be noted that for SONGS a loss of
offsite power results in loss of the Turbine Bypass System and
loss of the Blowdown Processing System.

A Failure to Deliver Sufficient HPSI. See discussion for branch A
in Section 5.2.4.2. Failure of the HPSI system to maintain flow
is defined by branch A' in the scenarios presented in Section
7.2.4,

B Turbine Fails to Trip on Reactor Trip. See discussion for branch ‘
B in Section 5.2.4.1.
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MSIV on Most Affected SG Fails to Close. See discussion f¢~
branch E in Section 5.2.4.1,

MSIV on Least Affected SG Fails to Close refers to the MSIV ¢n
SG-089 failing to close on MSIS. The fault tree analysis is
presented in Section 6.7.

ADV on Least Affected SG Fails to Close refers to the ADV
associated with SG-089 failing to close after being opened by the
operator to initiate cooldown or to prevent a MSSV {rom opening.
A failed open ADV on the least affected SG result: in a direct
flowpath for RCS inventory from the primary system to the
atmesphere (outside containment LOCA). The fault tree analysis
is presented in Section 6.8.

MSSV on Least Affected SG Fails to Close on Turbine Trip refers
to one MSSV on SG-089 failing to close on turbine trip. Five
MSSVs are assumed to open on SG-089. For the event tree, branch
II' as defined in Section 5.2.4.1, is separated into branches

Il and 12. The separation of these branches simplifies the
logical construction of the event tree, i.e. branch Iz
represents the case where the MSSVs open on turbine trip and
branch Il represents all other cases where one MSSV opens only
if the associated ADV is unavailable. The fault tree analysis is
presented in Section 6.9.

MSSV on Least Affected SG Fails to Reclose refers to one MSSV
associated with SG-089 failing to close after being challenged by
a failure of the ADV on SG-089 to open due to initiation of
cooldown, MSIS or SG overfill, A failed open MSSV on the least
affected SG results in an outside containment LOCA. The fault
tree analysis is presented in Section 6.9.
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ADV on Least Affected SG Unavailable., See discussion for branch
J in Section 5.2.4.1,

ADV on Most Affected SG Unavailable. See discussion for branch K
in Section 5.2.4.1.

ADV on Most Affected SG Fails to Close. See discussion for
branch L in Section 5.2.4.2.

MSSV on Most Affected SG Fails to Close on Turbine Trip. See
discussion for branch M, in Section 5.2.4.2,

MSSV on Most Affected SG Fails tou Reclose. See discussion for
branch “1 in Section 5.2.4.2.

Fail to Initiate Auxiliary Spray Flow. See discussion for branch
N in Section 5.2.4.3. The fault tree analysis for Fail to
Initiate Auxiliary Spray Flow (assuming offsite power is
unavailable) is presented in Section 6.2.

Fail to Throttle HPSI. See discussion for branch 0 in Section
5.2.4.3. Since the blowdown system is unavailable, failure to
throttle HPSI will result in SG overfill.

Excess Feedwater to the Most Affected SG. See discussion for
branch P, in Section 5.2.4.1. Since the blowdown system is
unavailable, excess feedwater will result in SG overfill,

Excess Feedwater to the Least Affected SG refers to

uncontrolled delivery of auxiliary feedwater to SG-089., Since
the blowdown system is unavailable, excess feedwater will result
in SG overfill. The fault tree analysis is presented in Section
6.11.
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5.3 PORV LOCA .

Power Operated Relief Valve (PORV) Loss of Coolant Accident (LOCA) as
described in this section refers to the uncontrolled release of RCS mass
through the PNRV. In order for a PORV LCCA to occur and have significant
impact on the reactor core integrity the following conditions have to be
met.

. Continuous fiow through the PORV
v Failure of PORV LOCA mitigating systems

During a PORV LOCA, RCS mass is released into the containment tirough the
PORV. This condition res<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>