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FURPOSE OF REVISION

This document is a revision of the report originally published
in January 198l1. The revision primarily affocts the list of
accident sequences appearing in Table 6~1. Otner minor editorial

changes have also been included.

This document contains all the information included in the
original report; therefore, it is recommended that the original

report be destroyed,.
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EXECUTIVE SUMMARY

This velume represents the results of the analysis of Occnee
Unit 3 nuclear power plant which was performed as part of the
Reactor Safety Study Methodology Applications Program (RSSMAP).
The RSSMAP was conducted to apply the methodology developed in the
Recctor Safety Study (RSS) to an additional group of plants with
the following objectives in mind: (1) identification of the risk
dominating accident sequences for a broader group of reactor
designs; (2) comparison of these accident sequ:nces with those
identified in the RSS; and (3) based on thls comparison, identifi-
cation of design Jdiffererices which have a significant impact on
risk.

Significant use of RSS insights and results was made for the
Oconee analysis. Loss of coolant accidents (LOCAs) and transients
were used as initiating events and the release categories and
human error and component failure data bases were the same as
those used in the RSS. The transient and LOCA event trees for
Oconee differ somewhat from the RSS event trees. This is due to
different systems and interactions among systems at Oconee. In
addition, the RSSMAP transient and LOCA trees are interrelated
in recognition that transient initiating events may ultimately
lead to LOCA conditions. Unlike the RSS, detailed fault trees
were not used to identify all possible failure modes; rather, a
"survey and analysis"™ technique was used to identify the most
likely failure modes of a system, The determination of which
accident sequences result in core melt and the subsequent contain-

ment response and release was made by the MARCH and CORRAL codes
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which are significantly more developed codes than those available
when the RSS was performed. No site specific consequence analysis
was performed.

Results of the Oconee RSSMAP analysis can be summarized in the
histogram below, which depicts the total accident sequence fre-

guency in each of the seven PWR core melt categories used in the RSS.
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Release Category
Oconee Dominant Accident Segquence (Using RSS Smoothing Technique)

The most significant sequences contributing to both the core
melt frequency and the risk were one of three types: (1) transient
initiated sequences which involve loss of all feedwater, high pressure
injection, and, in some cases, loss of containment systems, (2) small
LOCAs with failure of emergeacy core cooling in the early or late
recirculation phases, and (3) anticipated transients without SCRAM
sequences.,

The total frequency of core melt has been predicted to be similar
for Cconee and Surry (i.e., within a factor of two). The dominant
contributors to the Oconee core melt frequency are significantly

different than those for Surry, however.,
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FOREWORD

This report is the second in a series of four reports which
present the results of analyses performed in the Reactor Safety Study
Methodolcgy Applications Program (RSSMAP). This volume describes the
analysis performed for the Oconee Unit 3; other volumes describe the
analyses of Grand Gulf, Sequoyah Unit 1 and Calvert Cliffs Unit 2.

The RSSMAP analyses were an attempt to use insights from the relatively
detailed and elaborate Reactor Safety Study analysis to perform a
meaningful plant risk analysis with minimum manpower and economic
impacts. It was also desired that the study of plants with differing
reactor and containment designs would broaden the class of nuclear
power plants explicitly analyzed in terms of risk.

The reader should be cautioned to consider these results in their
proper context. As was true of all the RSSMAP plants studied, the
Oconee analysis was conducted primarily with information available in
the Final Safety Analysis Report (FSAR), Technical Specifications and
selected plant procedures. This approach does imply some limitations
in the depth of the analysis since as-built systems often differ
from those depicted in FSAR drawings. Also, FSAR analysis and techni-
cal specifications generally indicate more conservative criteria and
guidelines than are actually raquired for system success. It should
also be noted that some developments in risk assessment methodology
have been employed in the Oconee analysis which were not used in the
earlier Sequoyah analysis. Among the most important of these involve
the development of the transient event trees and the treatment of

dominant accident sequences to include complement events. As 2 final



point, it is acknowledged taat, subseguent to the completion of the draft

Oronee analysis, some changes in plant hardware or procedures have been
made or are beinyg planned which may have an effect on the probabilities
of dominant accident sequences. However, due to the development of
major new efforts in plant reliability analysis by both the nuclear
industry and the Nuclear Regulatory Commission, an attempt to analyze the
effect of these recent changes was not undertaken in this study.
Comments on this report and the RSSMAP methodology are invited.

Comments should be sent to:

Chief, Reactor Risk Branch

Division of Risk Analysis

Office of Nuclear Regulatory Research

U. S. Nuclear Regulatory Commission
Washington, DC 20555
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1.0 INTRODUCTION

As a part of determining the public risk due to accidents
in light water reactors (LWR), the Reactor Safety Study (RSS)
(Reference 2) developed a methodology for evaluating risks
associated with potential accidents at nuclear power plants.
A number of ocrganizations and individuals have recommended
that the methodology developed in the RSS be used on a wider
basis to analyze commercial power reactor systems and to assist
in making informed decisions when public risk is a consideration.
Further, it has also been stated by the Nuclear Regulatory
Commission (NRC)! that ways should be examined in which the

RSS methodology can be used to improve the regulatory pracess,
In light of this, the Probabilistic Analysis Staff (currently the

Division of Risk Analysis) of the NRC initiated a program in
October of 1975, entitled "The Reactor Safety Study Methodology
Applications Program (RSSMAP)," to provide a broader foundation
for applications of the RSS methodology and engineering insights
into tne regulatory safety review process.

The RSS addressed two reactors, the Surry and Peach Bottom
plants., Por those two reactors, the accident sequences that dom-
inated risk were identified. As a further application of the RSS
methodology, the RSSMAP was conducted with the following objec-
tives: (1) identify the risk dominating accident sequences for a
broader spectrum of reactor designs, (2) compare these accident

sequences with those identified for the reactors studied in the

lgee NRC Annual Report to the President, 1975.



RSS, and (3) based on this comparison, identify design differ-
ences between the lants which bave a significant impact on
risk.

The Reactor Safety Study Methodology Applications Program
was divided into two principal tasks: systems analysis of
engineered systems, and analysis of the accident processes.
Sandia National Laboratories was asked to perform the systems
analysis task. This task was performed with the aid of Evalua-
tion Asscciates, Inc., of Bala Cynwyd, Pennsylvania as a sub-
contractor., Battelle Columbus Laboratories was asked to per-
form the analysis of accident processes.

The RSSMAP study includes three PWR power plant designs
and one BWR plant design. These designs are significantly
different from those studied in the RSS, Table l-1 identifies
the RSSMAP plants, the RSS plant used for comparison, and some
key design features.

This volume documents the RSSMAP results for the Oconee
#3 unit, It is a BB6 MWe Babcock and Wilcox PWR with a dry
containment and is located on Lake Keowee, South Carolina.
Oconee, owned and operated by the Duke Power Company, obtained
their construction permit and operating license on November 6,
1967, and July 19, 1974, respectively. Oconee #3 entered
commercial operation on December 16, 1974. Separate volumes
will describe the RSSMAP results for each of the other plants

studied.
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Table 1-1

MAJOR CHARACTERISTICS OF RSS AND KSSMAP STUDIED PLANT

RSSMAP PLANT

RSS PLANT USED FOR COMPARISON

§$uozah $1 PWR
Feactor Vendor - Westinghouse

Architectural Engineer -
Tennessee Valley Authority

Four Reactor Coolant Loops

1148 MWe

Ice Condenser Containment

Now in low power testing

Surry PWR
Reactor Vendor - Westinghouse

Architectural Engineer - Stone
and Webster Engineering Corp.

Three Reactor Coolant Loops

775 MWe

Dry Subatmospheric Containment

Commercial Operation on 12/72

Oconee #3 PWR

Reactor Vendor - Babcock
and Wilcox

Architectural Engineer - Duke
Power Co. with Assistance
from Bechtel Power Corp.

Twoc Hot Leg Reactor Coolant
Loops
Four Cold Leg Reactor
Coolant Locps

886 MWe

Dry Ceontainment

Commercial Operation 12/74

SURRY PWR

Calvert Cliffs $2 PWR

Reactor Vendor - Combustion
Engineering

Architectural Engineer -
Bechtel Power Corp.

Twe Hot Leg Reactor Coolant
Loops
Four Cold Leg Reactor
Coolant Locps

850 MWe

Dry Containment

Commercial Operation 4/74

SURRY PWR

Grand Gulf BWR
Reactor Vendor - General
Electric Co.
Architectural Engineer -
Bechtel Power Corp.
BWR/6 Design
1250 MWe
Mark III Containment

Peach Bottom BWR

Reactor Vendor - General Electric

Co.
Architectural Engineer -
Bechtel Power Corp.
BWER/4 Design
1065 MwWe
Mark I Containment

1-3/-4
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2.0 METHODOLOGY

As stated in Chapter 1, the RSS Methodology Applications
Program consists of two principal tasks: systems analysis and
accident process analysis. This chapter will discuss the basic
methodology utilized in performing these tasks, differences
from the methodology presented in the RSS, and important assump-
tions and restrictions used in performing the analyses. Detalls
of how the methodology was applied to the analysis of the Oconee

#3 power plant can be found in Chapters 4 and 5.

2.1 Review of RSS Methodology

Before discussing the RSSMAP methodology, a brief review of
the RSS methodology may be useful in identifying similarities
and defining differences between the two methodologies. In the
RSS, the methodology consisted essentially of three basic
tasks. These included: (1) a systems analysis task, (2) an
accident process analysis task, and (3) a conseqguence analysis
task. The first two correspond to RSSMAP tasks. The third
task analyzed the accident sequences in terms of consequences
to public health and property damage. This third task was aot
included in this study.

The initial step in the RSS systems analysis task involved
the construction of functional event trees. These trees delineated
the functions which must be performed by plant systems to
mitigate an accident initiated by various loss ¢f coolant
accidents (LOCAs) or transients. For LOCAs, these functions
were reactor subcriticality, emergency core cooling, post accident

radioactivity removal, containment heat removal, and ccntainment



integrity. For transients, the required functions were reactor sub-

criticality, heat transfer to the environment, reactor coolant system
overpressure protection, and reactor vessel coolant volume control.
Then system event trees were constructed by identifying the

plant systems needed to perform the reguired post-accident
functions. After completing this, the system accident sequences
were delineated and a detailed fault tree analysis was conducted

on all the systems represented on the event tree to determine

the failure modes and fallure probability of these systems.

In some cases, detailed fault trees were not needed if actual

plant failure probability data existed. The fault trees were
guantified using a component and human failure data base

compiled as part of the RSS. The system failure probability

was expressed in terms of a median value with an associated

error bound. The tclerance bound was due to uncertainties

in the RSS data base.

The final step of the RSS systems analysis task was the
guantification of the accident sequences depicted on the system
event trees. Any dependencies which existed among the systems
in the segquence, which were not explicitly covered by the
event tree structure, were identified (i.e., a shared system
component) and incorporated into the guantification. System
accident seguences with the highest frequencies were then
analyzed in terms of accident processes.

The accident process analysis was conducted to determine
(1) which cf the dominant system accident sequences resulted in

core melt (2), the response of the containment following an



accident, and (3) for those sequences predicted to result in
containment failure, the amount and types of radioactivity
released to the environment. Containment event trees display-
ing potential containment failure modes were created for each
system accident seguence. Probabilities of these failure
modes were then estimated. The complete accident seguences
(defined as a systemn accident seqguence with its appropriate
containment failure mode) were then assigned to one of nine
PWR or one of five BWR radioactive material release categories.
The categories were ordered in terms of severity with Category
1 revresenting the most severe radicactive material release.
The accident sequence freguencies in each category were then
summed in order to assess the release category frequency (per
reactor year). It was recognized that there was an uncertainty
associated with the release category placement of each sequence.
To account for this, the RSS smoothing technique was used: that
is, a probability of 0.1 was assigned to an accident sequence
being in an adjacent release category, and a probability of
.01 was assigned to an accident sequence being two release cate-~
gories from the one in which it was placed, etc. After applying
this technique, the final release category frequency was
assessed.

The final RSS task was to analyze the release categories
in terms of conseguences to public health and property damace.
This was accomplished through the use of various models depicting
items such as metecrology, population evacuation, and population

dose. Through the use of these models, the consequences of

2-3
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each release category were determined. Multiplication of the
frequency of the release category and its associated conseguence
resulted 1n a risk estimate of each category. Summing the

risk of all the release categories resulted in an estimate of

the total power plant risk.

2.2 RSSMAP Methodology

The RSSMAP methodolcocgy is based on that used in the RSS.
To meet, in an efficient manner, the objectives of the program
stated in the introduction, insights and results from the RSS
were used when appropriate. However, certain departures from
the RSS methodology did occur and are summarized below.

During the development of the RSSMAP event trees 1t was
found that the RSS functional event trees were basically appli-
cable to the RSSMAP plants. A redefinition of one of these
functions was made, however, for purposes of clarification.
Specifically, the RSS LOCA function, containment heat removal,
was split in the RSSMAP into two functions, namely containment
overpressure protection during the injection phase and containment
overpressure protection during the recirculation phase. Each of
these functions is needed to prevent a containment overpressure
failure; however, using the RSSMAP presentation, the analyst can
more easily distinguish containment overpressures which occur early
in the accident from those that occur late. This distinction is
useful because the time at which the containment fails is important

to accident conseguences.






in plant design and analysis, the RSSMAP system event trees

for Oconee differ significantly from the RSS trees.

One of the 1nsights gained from the RSS was that system
failure probabilities are dominated by only a few failure
modes such as single, double and common mode hardware and human
failures. Because of this insight, elaborate fault tree models
to identify all possible system failure modes, as was done in the
RSS, were not developed for the RSSMAP, Instead, a "survey and
analysis® technigue was used to determine system failure modes.
This technique was, in essence, a systematic approacn by which
the analyst searched for system failure modes. The search was
done manually and was usually stopped when all double or “riple
failure modes were identified. A Boolean equation was ..ien
constructed for each systeam which represented these failure
modes. These eguations were utilized in the accident seguence
analysis described later. (For an example of the "survey and
analysis" technigue, see Appendix B.) It should be noted that
the failure mode search was based largely on systems informa-
tion gained from the plant FSAR, a single visit to the plant,
and some follow up conversations with plant personnel. It is
recognized that this limitation in the study does not provide
assurance that all system failure modes have been identified.

The RSSMAP system unavailabilities were quantified using
the RSS hardware and human error data base, except for those
systems where actual plant failure probability data existed.
Throughout the course of this work, point estimate unavailabil-

ities were used in determining the system failure probabilities
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ratner than the median unavailability with its assocliated
error bound as was used in the RSS. This departure from
the RSS methodology was made because the additional effort of
estimating error bounds was not judged necessary for risk
comparisons or the identification of dominant accident contrib-
utors.

The final step of the RSSMAP systems analysis task was
the performance of a system accident seguence analysis to
determine those core melt seguences with the highest frequency.
This was done by combining the Boolean equations describing
the succeeded and failed systems for each accident sequence,
performing a Boolean reduction of the equations to produce
seguence cut sets (i.e., the system failures which produce an
accident seguence), and quantifying these cut sets using the
data base. The cut sets for each accident sequence were summed
to arrive at a total seguence freguency. The accident segquence
Boolean reduction and cut set guantification was performed
with the aid of the SETS and SEP computer codes (reference 5).
In the RSS, the accident seguence analysis was performed largely
by hand calculations. In some cases, this may have reguired
some assumptions concerning interactions between systems in a
seguence to make the calculations practicable. Such assumptions
were unnecessary in the RSSMAP due to the increased analytical
calability afforded by SETS and SEP. (For more details concerning
the systems analysis task, see Chapter 4.)

System accildent sequences identified with the highest fre~

guencies were then analyzed in terms of accident processes. The
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accident process analysis task for the RSSMAP was conducted in
a more detailed manner than was done in the RS8S. Use was made
of a new computer code known as MARCH, and an updated version
of the CORRAL code (references 6 and 7).

The MARCH code, developed at Battelle Columbus Laboratories,
performs LOCA and transient initiated accident calculations from
the time of the initiat on of the accident through the stages of
blowdown (LOCA only), core heat up, boiloff, core meltdown,
pressure vessel bottom head melting and failure, debris-water
in‘eraction in the reactor cavity, and interaction of the
molten debris with the concrete containment base pad. The mass
and energy additions into the containment building during these
stages are continuouriy evaluated and the pressure-temperature
response of the containment with cr without the engineered safety
features is calculated. The MARCH simulation also accounts for
metal water reactions, combustion of hydrogen, and heat losses
to structures in the containment. By comparison, the accident
process analysis conducted in the RSS was conducted largely
with hand calculations, which required several simplifying
assumptions {(e.g., small LOCAs and transients were treated
in a gross manner by comparing them to calculations done for
large LOCAs).

The updated version of the CORRAL code uses the same basic
analytical models as the RSS version, but has been made more
versatile. The code cin now model the transport of the radio-
nuclides within the containment in more detail because of the

increased capability of handling larger problems.



For each of the dominant system accident seguences, the
codes were used in determining possivle containment failure
modes, estimating the probabilities of each failure mode, and
placing each sequence into the seven RSS PWR core melt release
categories. The non-melt categories 8 and 9 were found to have
a negligible impact on risk in the R3S and were not included in
the RSSMAP. (For more detalls concerning the acc.dent process
analysis task see Chapter 5.)

Upon completion of the accident process analysis, the com-
plete accident seguences (defined as the combined system accident
seguence and containment failure mode) were ranked and the
dcminant accident seguences identified. The final step in the
RSSMAP was then to compare the expected risk of the Oconee plant
with the RS5S PWR. This was done indirectly by comparing the
probability (per reactor year) of the seven PWR core melt release
categories, i.e., the RSSMAP methodology did not include a task

to directly analyze the consequences of each release category.

2-9/-10
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3.0 GENERAL PLANT DESCRIPTION AND DIFFERENCES FROM RSS PLANT

The likelihood of certain accident sequences and the factors
which cause an accident sequence to dominate the risk associated
with a plant are clearlv dependent on the plant design. In this
section, significant design differences between the Oconee and Surry
units are summarized. Detailed system descriptions and reliability
estimates are presented in Appendix B.

The Oconee reactor units each have two steam generators and
four steam generator loops designed by Babcock and Wilcox; the
Surry units have three steam generators and three loops designed
by Westinghouse. Each Oconee reactor unit power is 866 MWe; the
Surry units each develop 775 MWe. Both containments are the dry
tipe and are of approximately the same volume. The Oconee contain-
ment construction 1s a prestressed, post tensioned, reinforced con-
crete cylinder and dome with a steel liner., The design pressure is
59 psig. The Surry containment is of reinforced concrete design
with a steel liner and has a design pressure of 45 psig. The
Oconee containment volume is more open than Surry's (i.e., less
internal structure).

It should be noted that the Oconee design analyzed in this
report assumes an AC dependent Auxiliary Feedwater System (AFWS)
and a High Head Auxiliary Service Water System (HHASWS).

The HHASWS is an add-on system which is intended to be put in ser-
vice in 1981. Also, design changes are being planned which will
remove the AC dependencies from the AFWS.

There are several important differences in the safety systems

between the plants which perfovm the LOCA and transient engineered

safety functions (ESF). These differences are the result of
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different systems present at the Oconee plant as well as many dif-
ferences in piping and circuitry configurations, system success cri-
teria, and test and maintenance intervals for systems which appear
at both plants. Some of the more obvious dissimilarities can be
seen in Figures 3-1 and 3-2 wiich depict Oconee and Surry ESF's with
related system components in a simplified manner.

A word of caution should be made about comparing the system
failure probabilities of both plants., The comparison given in the
following descriptive summaries is based on an independent comparison
of the systems. Interdependencies among the various systems at the
plant are not considered at this point. Because of this fact, a
statement such as "Oconee System A has a failure probability five
times greater than Surry System A," has no safety significance
unless the systems being compared are truly independent of other
systems at the plant. For purposes of comparing safety then, the
appropriate place of comparison is the accident sequences since it
is at this point where all system interdependencies are considered.
Accident sequences and system interdependencies are discussed in
Chapters 4 and 6.

It should be noted that for some physically identical systems
at Surry and Oconee, there exists differences in the success cri=-
teria, These differences generally occur from the different ECCS

requirements and different technical specifications at each plant.

3.1 Oconee ESF Systems Which Do Not Have Comparable Surry ESF Systems

There are two Oconee ESF systems having no comparable Surry ESF

system. A brief description of the purpose and dominant failure mode;

of these systems follows:
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considerably different., Surry has three 2.75 MW diesel generators
for two units with one being shared while Oconee can utilize either
of two 87.5 MW hydro generators to supply emergency power. Oconee
also has backup from one of two combustion turbine generators which
are available for long term operation. Another major difference is
that there is a direct connection betwszen the diesel generators and
ESF buses in Surry, whereas several circuit breakers and trinsform-
ers make the connection in Oconee. Also, emergency loads at Oconee
are applied to the hydro generators in seqguence to minimize the im-
pact of motor starting currents. At Surry emergency loads are ap-
plied simultaneously, which increases the trip probability of the
diesel generators. This common mode is more probakle at Surry than
at Oconee. The unavailability of the Oconee EPS was estimated based
on actual plant test data and expected hydro maintenance outages,
Comparing this unavailability with Surry yields more than an order

of magnitude Jecrease in the Oconee EPS unavailability.

3.,2.2 DC Power System (DCPS) .

The DCPS at both plants include a 125-volt DC power subsystem
for instrumentation, on-site switching, and executive protection
and control as well as separate 125-volt DC power subsystem for
emergency on-site power generation control. The Oconee plant also
includes an additional separate safety related 125-volt DC power
subsystem for high voltage power switching between the alternate
off-site network supply sources and the emergency on-site AC hydro
power generation source., All of these 125-volt DC power subsystems
are similarly powered by batteries and battery chargers.

Oconee's design does not require load shedding for the 125-volt

instrumentation and control subsystem; Surry's design requires load









At Oconee the CFS is required for only the largest LOCA, whereas

the stated LOCA success criteria for Surry requires the accumulators
for the large and intermediate size LOCA. If an isolacion valve

in the Surry system is inadvertently left clcsed, it will be opened
automatically by the safety injection signal. 1In Oconee this
provision does not exist; instead, valve position is monitored and
alarmed.

An additional important difference is the technical specification
requirement for CFS availability. At Surry, one core flood tank is
allowed to be out of service for 4 hours before the reactor is to be
shut down. At Oconee both core flood tanks must always be available.
This difference adds a significant test and maintenance contribution
to the Surry CLAS uravailability which does not exist at Oconee and

results in a somewhat higher system unavailability for Surry.

3,2.6 Low Pressure Injection System (LPIS)

Both Oconee and Surry employ dual, redundant trains to deliver
torated water to the RCS following a LOCA. The Surry system delivers
water to the RCS cold legs while the Oconee LPIS delivers water
directly to the reactor vessel. The pump trains at both plants
share a common suction header which has cone or more valves in it,

The discharge header at Surry is also common to both trains and
contains a valve. The Oconee discharge headers are separate. The
Surry LPIS therefore has more single failures than Oconee's LPIS.
This latter point causes the unavailability for the Surry system to

be slightly higher than Oconee's.




e e e i

e e

=

e A R e S L e k. e

3.2,7 Low Pressure Recirculation System (LPRS)

The Oconee and Surry LPRS are similar in that they employ
dual redundant trains to deliver water to the RCS from the sump
following a LOCA., One difference is that the Oconee LPRS includes
containment heat removal heat exchangers in each pump train while
Surry's heat exchangers are part of the containment spray recircu-
lation system., Both systems use the same pumps as in their LPIS
and both reguire operator action to realign the pump suction from
the BWST or RWST to the containment sump at the start of the recir-
culation phase. The Surry system also reguires operator action
after 24 hours to realign LPRS flow from RCS cold legs to the hot
legs. This later realignment does not apply to the Oconee system,
Failure to perform any of the above realignments constitutes a
common mode failure of the system due to human ervor. The Surry
LPRS therefore has a higher contribution to system unavailabality
due to common mode failure than does the Oconee LPRS. Due to this
and other contributors, the Surry LPRS has an estimated factor of

tiree greater unavailability than the Oconee LPRS.

3.2.8 High Pressure Injection System (HPIS)

The Oconee HPIS is similar to the Surry HPIS in that each
have three high pressure pumps which take suction from a 350000
gallon boraced water supply. Both systems have a single header
which connects this borated water supply to the high pressure
pumps. The three high pressure pumps discharge vaths are intercon-
nected in Surry, whereas at Oconee, one pump train is isolated
from the others by two normally closed manual valves and used as a

backup for either train.






however, of the Oconee system was estimated to be similar to the

Surry HPRS.

3.2,10 Engineered Safeguards Protective System (ESPS)

The Oconee ESPS and the equivalent Surry consequence limiting
control system (CLCS) and safety injection control system (SICS)
employ comparable degrees of redundancy in processing sensor data
and initiating engineered safeguards actuation when required.

Both designs actuate similar types of systems and utilize dual
logic trains which derive their signals from a sensor group common
to both trains., At both plants, the HPIS and LPIS, in addition to
their normal trip signals, receive backup signals from a high
reactor building pressure trip. There are several differences
between the systems, however,

One difference between the two designs is that the Oconee
design monitors RCS pressure only, whereas the Surry SICS monitors
RCS pressurizer pressure and level. Another difference is that
the Oconee ESPS employs 3 pressure sensors for generating a HI
reactor building pressure signal and 6 pressure switches, arranged
in 2 groups of 3 switches, for generating a HI-HI signal. The Surry
CLCS empluys 4 pressure sensors for generating both the HI and HI-HI
signals. The Oconee design employs 2-out-of-3 trip logic while the
Surry design employs 3-out-of=-4 trip logic. The Surry CLCS provides
for automatically initiating, through delay circuits, the CSRS with
manual initiating as backup. The Oconee CSRS is initiated when the

operator manually reuligns the LPIS for the recirculation mode.






will not occur. If these operator actiois are not performed, com-
mon mode failure of the Oconee SRS will result., These important
common mode failure mechanisms do not apily to the Surry system and
account for more than an order of magnitule greater unavailability

for the Oconee CSRS.

3.2.13 Power Conversion System (PCS)

:
:
!
E adequate net positive suction head so that pump cavitation failure
|
}
]
|
h
i One of the main functions of the PCS at both Oconee and Surry

is to provide feedwater to the steam generators during normal opera-

tion. Following a reactor trip both systems are also capable of de-

livering feedwater at a lesser rate to provide the function of decay

heat removal.

| One method of successful decay heat removal at Oconee can be
accomplished by delivering steam generator feedwater with one of

two high pressure steam driven feedwater pumps. If these pumps

are lost, an alternate method requires the steam generator pressure
to be reduced by the operator and feedwater delivery provided by a
combination of one of three low pressure electrically driven hotwell
pumps and onc of three low pressure electrically driven condensate
booster pumps. In botii modes of operation the heat sink is either

the condenser or the secondary steam system safety valves. At Surry

ma ol e M R e

successful PC3S decay heat removal can be accomplished by one of three
low pressure electrically driven condensate pumps delivering to one

of two high pressure electrically driven feedwater pumps. The heat

e I— S

sink at Surry is also the condenser or secondary safety valves.
The power conversion systems are expected to have similar fail-

ure probabilities in response to reactor shutdowns rot associated

3-12
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following a hardware problem at Surry (compared to the 10”
described above) and was derive/ vom industry data. It is sus-

pected that the 10"2 nonrecove., probability is based on data for
cases where the emergency feedwater system is successfully
operating. The true sit _vn is one where all feedwater is lost.
For this reason, and due to the fact that plant specific data

: existed, a different PCS nonrecovery probability was used

for Oconee.

3.2.14 Emergency Feedwater System (EFWS)

The Oconee EFWS and Surry AFWS are similar in that each system
consists of two electric and one turbine driven pump train. Though
E many piping differences exist between systems, successful system oper-
ation regquires the flow equivalent of one pump to one steam generator
[ at both plants.
Given a loss of offsite power the Oconee system requires opera-
: tor action to engage important EFWS components to the emergency power
buses. 1If this is not accomplished, system flow control and opera-

tion of the turbine driven pump will be lost (due to loss of pump

P

cooling) in a short time., Similar operator actions were not iden-
tified for the Surry AFWS.
Given a loss of all AC power (both normal and emergency) the

Oconee EFWS will fail in a short time due to loss of turbine pumD

cooling. The Surry turbine pump was not identified to have this

cooling dependency and could therefore operate given a loss of all

AC power.
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The HHASWS at Oconee has no comparable Surcy system. This
system can provide backup to any EFWS demand and is especially
important following a total loss of all AC power. Since the

HHASWS has its own power system, this system 1s not affected and

can successfully provide post shutdown cooling.

3.2.15 Low Pressure Service Water System (LPSWS)

The CHRS system at Surry and the LPSWS at Oconee both rely
on river water to cool the containment sump recirculating water
ané other pértions of the operating plant. Major differences
appear in the means by which this water 1s routed to the CHRS/
LPSWS and the interface of the heat exchangers with the ESF sys-
tems. At Surry, service water 1s pumped from the James River in-
to the 25-million-gallon intake channel. This water gravity feeds
the four heat exchangers in the CSRS, then on to the discharge
channel back into the river. At Oconee, water is obtained from
the Little River arm at Lake Keowee and is delivered via a si-
phon effect created and maintained by the LPSWS vacuum pumps to
the reactor building cooling system (RBCS) heat exchangers and
the LPIS coolers. Other pumps are employed to overcome friction
losses. Upon loss of offsite power, the siphon effect is main-
tained by steam ejectors. The unavailability of the Oconee LPSWS

was assessed to be similar to the Surry CHRS.
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4.0 SYSTEMS ANALYSIS TASK

This chapter summarizes the work done as part of the
RSSMAP Oconee #3 systems analysi. task. The work was done
by Sandia National Laboratories with the aid of Evaluation
Associates Inc. The objective of this task was to identify

the dominant system accident sequences which are the major

contributors to risk for the Oconee plant. These sequences were
identified through the use of event tree and safety system availability
models. The system availability models are, in essence, a Bcolean
equation representation of a simplified fault tree. The event tree

and system availability models utilized are discussed in Sections

4.1 and 4.2, respectively. The dominant system accident

sequences, generated through the use of these models, are

presented in Section 4.3 along with an illustrative example

showing how a typical accident sequence calculation was

per formed.

4.1 Event Trees

Event trees are the structures from which accident
sequences are derived. Two event tree types, used in
succession, produce the complete accident sequences. The
System Event Trees, the subject of this section, interrelate
the initiating event and the engineered safety feature
failure events and result in system accident sequences such
as "ACD." The Containment Event Trees, done as part of the
accident process analysis, relate the possible responses of

the containment to the physical situations associated with
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each system accident sequence. The resulting containment
failure modes, designated by terms such as @, [, & are added
to the system accident sequences to form the complete accident
gsegquences such as "ACD-5." Details of the Containment Event

Trees can be found in Chapter 5.

4.1.1 Initiating Events

The type of initiating events considered were the same
as in the RSS, i.e., LOCAs and transients. The RSS con~-
sidered three LOCA size ranges. These were designated
"S$3" (L/2" <D < 2"), "8;" (2" < D < 6"), and "A" (D > 6").
Three sizes were chosen since the number of ECCS and
other systems required to mitigate a LOCA was different
for each LOCA range. The RSS also considered three
types of transients. These were all designated “T" and

included reactor shutdowns initiated by
1) a loss of offsite power,

2) a loss of the main feedwater system caused by

other than a loss of offsite power, and

3) other causes in which the main feedwater system
is initially available.
These transient initiators were assessed to adequately
represent a spectrum of generic PWR transients (RSS, Table I
4-9) in terms of their e.”ects on the mitigating systems.
Based on the study of the Oconee FSAR it was determined

that four LOCA sizes should be chosen based on Aifferent ECCS



subsystem requirements (See the Oconee FSAR page 14-57).
These are designated "S3" ( D < 4"), "S3" (4" <D ¢

10"), "8;" (10" < D <« 13.5), and A (D»13.5"). The estimated
frequency of these LOCAs is given in Table 4-1. Since the
RSS pipe rupture data is for a generic plant, it was utilized
in arriving at these estimates. (As noted from this table
sone double counting of RSS LOCA sizes was required due to
overlap of IOCA size ranges between the RSS and Oconee.)

The same three transients used in the RSS and their
estimated frequency were also used to represent transients
at Ocon=e. The loss of offsite power transient is designated
Ty and has a frequency of 0.2/year. The loss of main feed-
water transient is designated T2 and has a frequency of
3/year. Other transients with main feedwater initially

available are designated T3 and have a frequency of 4/year.

4.1.2 LOCA Event Tree

The Oconee LOCA event tree is presented in Figure 4-1.
A detailed discussion of this event tree is presented in
Appendix Al. This section will highlight the discussion
given there.

A single LOCA event tree was judged to be an adequate
representation for the entire spectrum cf break sizes.
Except for the removal of the reactor protection system
event K for A and §; LOCA initiators, the rest of the tree
headings and structure are identical for all size breaks.

The systems depicted on the tree perform Seven plant

functions. The combinations of plant systems which are
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required to successfully perform these functions for a
variety of LOCA sizes are displayed in Table 4-2. These
functions were chosan since they are either reguired to
successfully mitigate a LOCA or they can affect the con-
sequences of a core melt if mitigation of the LOCA is
unsuccessful. The definitions of success for the event
tree headings are given in Table 4-3.

Dependencies incorporated into the LOCA event tree

structure are the following:

1) If containment spray injection fails (event C)
then containment spray recirculation fails (event F),

since the systems share most of the same eguipment.

2) 1f the reacter building cooling system fails
during the time intarval corresponding to the
ECCS injection phase (event Y), then it fails
during the recirculation phase (event Z) since
the equipment and the success criteria are

exactly the same during both phases.

3) If the emergency coolant injection system fails
(event D), then emergency coolant recirculation
(event 1) is superfluous, since failure to
provide sufficient injection cooling will result
in a core melt regardless of what happens during
the recirculation phase. This is consistent with

the RSS treatment.
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4) Containment overpressure protection during recirculation
(COR) can succeed by either of two methods: Operation
of one reactor building cooling system (RBCS) fan train
or operation of one containment spray system train‘in
conjunction with the LPRS heat exchanger. Operation of
the LPRS heat exchanger is represented by event G.
Therefore, if the RBCS succeeds during the recirculation
phase (event Z), no success/failure choice is given for
event G, since COR has succeeded. Also, for sequences
where either the containment spray system (events C or
F) or emergency core cooling systems (events D or H)

fail, no success/failure choice is given for event C.

It can be noted on the LOCA tree that no event tree
structure was developed following failure of the reactor
protection system, event K. This was <Jone for purposes of
simplification since the event tree structure following
failure of event K would be identical to the structure

following the success of event K.

4.1.3 Transient Event Tree

The Oconee transient event tree is presented in Figure
4-2. A detailed discussion of this event tree is presented
in Appendix A2. This section will highlight the discussion
given there.

A single transient event tree was judged to be an
adequate model of the plant response following the three

transient initiating events considered.

4-5



The systems depicted on the tree perform six plant func-
tions. The combination of plant systems which are required
to perform these functions for all three transients is
shown in Table 4-4. These functions were chosen since they
are either required to successfully mitigate a transient or
they can affect the consequenc.e of a core melt if mitigation
of the transient is unsuccessful. The definitions of success
for the event tree headings are given in Table 4-5.

Transient sequences with failure of event Q can be
treated as a small-small LOCA since the systems responding
to these LOCAs are identical to those required for an Sj
LOCA. These “"transient induced LOCAs" are therefore trans-
ferred to thn LOCA event tree upon failure of event Q.

Dependencies incorporatea into the transient event tree

structure are the following:

1) If the power conversion system remains in unin-
terrupted operation (M) then the operation of
the emergency feedwater system or high pres-
sure injection system are not required since these
systems perform the same function (only one of these
systems is reguired for any given sequence).
Exceptions are sequences with failure of the reactor
protection system and power conversion system which
require the operation of the emergency feedwater and

high pressure injection systems,
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2)

3)

5)

If the reactor protection system and power con-
version systems succeed, then the RCS relief
valves are not demanded since the RCS pressure

would not reac’s the relief valve setpoint.

For those segquences in which the reactor protection
system or emergency feedwater systems fail, the RCS

relief valves will definitely be demanded.

For those sequences involving failures of the
reactor protection system, power conversion
system, and emergency feedwater system, the RCS

relief valves will stay open through core meltdown.

1f the RCS relief valves fail to open, the valves
cannot, logically, fail to reclose. Also, the
operation of the high pressure injection system
does not matter since core melt is assumed. This
conservative assumption is justified because the
very small probability of event P, (failure of
S$/RVs to open when demanded) is expected to cause
all accident sequences containing that c¢vent to be
relatively small contribvtors to risk. (Exception:
Core melt is not assumed if event P, occurs in the
sequence where the reactor protection system and
emergency feedwater systems succeed, the power
conversion system fails and the RCS relief valves
are required (events K M L P,) because the excess RCS

pressure is not expected to be very great).




6)

7)

If the RCS relief valves fail to reclose the
sequence results in a LOCA, and the sequence (and
analysis) is continued in a LOCA event tree. This
is justified by the fact that the rate of leakage
of RCS inventory is sufficient to fit the definition

of a LOCA.

The operation of the reactor building cooling
system and containment spray systems are considered
only in those sequences which result in core melt
since these systems perform functions which reduce
the consequences of core melt accidents, and they
would not serve any purpose in other transient
situations. (Exception: Containment Pressure
Reduction (event Q) is considered in sequences &
and 7. For these seguences, which require a "bleed
and feed" operation, core melt is prevented by
removing decay heat through the S/RVs and replacing
the coolant with the high pressure injection system.
However, this will cause a buildup of steam in the
containment, which will necessitate containment
pressure reduction to prevent a containment over-

preesure failure and subsequent core melt).

An explanation is in order concerning the "note 1" on
the transient tree. If too much cooling is provided to the
secondary side of the steam generators by the power conversion

system or emergency feedwater systems, a rapid RCS cooldown



transient would ensue. Following RCS depressurization, due to
the shrink of the RCS c¢oclant, the high pressure injection sys-
tem (HPIS) would be demanacsd. Opevation of the HPIS would over-
fill the RCS and cause water to be ejected through the RCS re-
lief valves. If these valves do not reclose, a LOCA would ensue,
which would require operation of the LOCA systems discussed in

the previous section.

4.1.4 Interfacing Systems LOCA Event Tree

The Oconee interfacing system LOCA event tree is presented
in Figure 4-3, A detailled discussion of the Oconee interfacing
system LOCA is presented in Appendix A3. This secticn wili high-
light the discussion given there,

The event tree shown in Figure 4-3 is identical to the Surry
(RSS) LPIS check valve rupture event tree. The initiating event
of the tree, event V, assumes failure of a series of two check
valves in one of the low pressure injection system lines and the
opening of the normally closed isoclation motor operated valve
(MOV), which is also in series with the check valves, for quar-
terly MOV testing. This would allow high pressure coclant water
to enter the low pressure piping outside containment and pipe
rupture to occur. The containment engineered safety features
would be relatively ineffective for this accident, and the low
pressure injection system would also fail due to the LOCA. As
a result, core melt would occur. Since the containment engi-
neered safety features are relatively ineffective, the variations

in consequences are so small amcng the sequences, which all



include the initiating event, only the initiating event V was
evaluated as an accident seguence.

The fregquency of occurrence for this accidsnt is con-
siderably higher for the Oconee design (7.2 x 10~2 vs.
4 x 10~6/R-yr) than for Surry due primarily to the presence
of the normally closed MOV.! Because of this, the failure

mode caused by both check valves failing to reseat after

\ a cold shutdown low pressure injection system flow test is
included in the probability assessment. This failure mode
was not applicable to the RSS PWR since the comparable MOV
l was in the normally open position allowing such a failure
’ to be detected by the operator during plant startup before

an unsafe condition could develop.

4.1.5 Comparison of Oconee & Surry Event Trees

The Surry LOCA and Transient event trees are displayed
in Figures 4-4 through 4-7. A detailed discussion of the
event tree differences are presented in Appendices Al and

A2, Some of the more important differences are listed below.

LOCA

1) Response to a LOCA was depicted by one event

tree at Oconee and three event trees at Surry.
2) Due to plant design differences, events Y and 2

appear only on the Oconee tree and events I and

e e A .

L appear only on the Surry trees.

R o —

lpuke Power has recently introduced changes which significantly
reduce the frequency of this sequence (i.e., less than or
equal to the freguency of the RSS event V).

4-10




3)

4)

For purposes of simplification, the Oconee
equivalent to the Surry events B and E were

removed from Oconee LOCA tree.

The event tree structure differs somewhat
between the plants due t, some different
interdependencies between the systems

represented on the tree.

Transient

1)

2)

3)

The Oconee transient event tree explicitly
includes systems related to containment response
{(events O and 0')., The Surry transient tree did
not include these systems. Success/faiiure of
these systems were implied, however, in the Surry

accident sequence results.

For purposes of simplification, the Oconee ejuiva-
lent to the Surry eventis U and W were removed from
the Oconee transient event tree. These events/
systems were regquired to bring the Surry plant from
hot to cold shutdown and were included in the Surry

analysis for completeness.

The Oconee event U represents the “"feed and bleed"
core cooling mode of the high pressure injection
system. The Surry event U represents the operation

of the chemical and volume control system to bring

4-11
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the plant from hot to cold shutdown. The RSS
assessed that a "feed and bleed" core cooling

method could not be achieved at Surry.

4) The Surry transient event tree treated transient
induced LOCA sequences directly on the transient
event tree and assumed they were core melts.

On the Oconee tree, these sequences are transferred
to the LOCA tree and treated in a similar manner

as other LOCAs.

5) The event tree structure differs somewhat between
the plants due to some different interdependencies

between the systems represented on the tree.

6) The P) event, which represents a probabilistic
demand of the RCS relief valves, appears only on
the Oconee transient tree. The Surry event tree
assumed that the relief valves either were or were

not demanded with 100% certainty.

4.2 Safety System Reliability Models

Each system represented on the event trees, except for
those where plant and/or industry data existed, was reviewed
and analyzed in order to determine system failure modes. An
insight gained from the RS5 was that system unavailabilities
are usually dominated by single, double and commoun mode

hardware and human failures. Because of this insight,



elaborate fault tree models to identify all possible system
failure modes were not used. Instead, a "survey and analysis"
technigue was used to determine system failure modez. This
technique is in essence a systematic approach by which an
analyst searches for system failure modes.

The first step in conducting a typical survey and analysis
was to review all available information pertaining to the
Oconee system. Sources of information available for this study
were the FSAR system description and drawings, the technical
specitications and discussions with plant personnel.

The next step was to review a similar system anilyzed
in the RSS. The purpose of this review was to gain insight
concerning typical types of important system failure modes
(e.g., singles, doubles, human error, test, maintenance, and
common mode faults). Based on the Oconee system information
and RSS insight, the analyst manually conducted a failure
mode search. Identification of single and common mode fail-
ures were made first followed by doubles, test, and mainte-
nance. Any interactions that the system being analyzed had
with other systems on the event tree, such as a shared compo-
nent or actuation system, were noted.

The failure modes were then guantified using the RSS
hardware and human error data base. 1In some instances, due
to a lack of detailed subsystem information, subsystem
unavailabilities were taken directly from the similar system

analyzed in the RSS. This was done primarily in obtaining
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estimates of control circuit umavailabilities for pumps and
valves.

During the course of the analysis it was geuerally
found that most systems which appear on the event trees share
a number of components and support systems. Becausa of this
fact, it was necessary to construct a Boolean equation describ-
ing the system failure modes so that these interdependencies
could be properly treated during the accident sequence calcu-
lations. Some systems, however, were assessed to be independent
or nearly independent of all other event tree systems. A
Boolean equation describing failure modes for independent
systems was not necessary since the systenm unavaifability
coulid be simply multiplied into the accident sequence
calculation.

A “"survey and analysis" for each of 15 Oconee safety
systems can be found in Appendices Bl through Bl5. Most of
these systems appear as events on the event trees. Some of
these are support systems (e.g., emergency AC and DC power
system, engineerel safeguards protective system) which are
common to several event tree systems. Each appendix includes
a derivation of the Boolean equation(s) describing system
failure and an unavailability estimate assuming independence
from all other Oconee systems. In many instances more than
one Boolean equation was derived for a particular system

because some system failure modes were different depending on

the initiating event.



Tables 4-6 and 4~7 can be used as a key to the contents
of Appendix B, Across the top of each table is a list of the
systems which appear on the LOCA and transient event trees,
respectively. Listed in the first column are the event tree
initiating events studied. The four LOCA's A, S), 82, S3 and
three transients, T3, Ty, T3, have been discussed previously.
The LOCA 1initiators, T,Q, are transient induced LOCA's. The
transient initiator T](B3) represents a loss of all AC power.
(T) is a loss of offsite power and (B3) is a failure of the
emergency power system. See Appendix Bl for more details).
The entries in the tables are either an unavailability esti-
mate, the letter "X", an equation number, or blank. The
numerical entries in the Table are unavailability estimates
for the system under consideration. The systems which have
unavailabilities listed were considered to be independent of
all other event tree systems. The columns in the table also
have alphabetic entries., The letter "X" denotes that a single
Boolean egquation describes system failure for all initiators,
i.e., the system failure is independent with respect to the
initiator. The e uwation numbers reference specific Boolean
equations in the appendices which were used in the calcula-
tion of a particular seguence. The letters "a" and "b" in
parenthesis after some of the equation references indicate
which form of the egquation was used. Different initiators
sometime reguire different equation forms, and are described
in the appendices. A blank entry means that the system is not

used in response to the initiator. For example, HPIS failure
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the succeeded and failed systems and would be Tp KM L F; Q -
CYDPF Z H. Quantification of this accident sequence requires
the use of the Boolean sequence representation.

A number of the systems/events in the seguence are
independent from all other systems/events. These are R Tzn,
P2, and Q. Since they are independent their unavailabilities/
availabilities can be simply multiplied together. The unavaila-
bilities/availabilities of these systems can be determined
from Table 4-7 as:

P(TyM) = 3

P(E) =1 - (2.6 x107°) = 1
P(Fy) = 1 - (2 x 107°) =1
P(Q) =~ 5 x 10-2

Multiplying these together yields 0.15.

The rest of the system/events in the sequence are depen-
dent due to sharing of various components and subsystems. In
order to properly treat these dependencies in the accident se-
quence calculation a Boolean equation must be written for each
of the remaining system/events. These Boolean equations were
derived in Appendix B and Tables 4-6 and 4-7 can be used as a
key to determine the necessary equations to perform the

sequence calculation. These equations ave:

1) EFWS/PCS Non Recovery Equation Bl3-1

L = [CONST1 + LPSW] °* PCSNR

2) CSIS Eguation Bll-1l(b)

C = A + RBHIHICM + CSISCM + (F + C + CH7) * (G + B + CHB)



3) RBCS Eguation Bl5-1l(a)

Y = (HI +# CHS5) * (J1 + CHS5 +« CH6) * (Kl + CH6) + LPSW + RBHICM

4) HPIS Eguation B8-l1l(a)

D=T(AT + CHI + DI < EI + CI) *» (Bl +# CH2) + A + RCSRBCM + RCSLOCM -

RBHICM + LPSW

5) CSRS Eguation Bl2-1

F=(F+C+CH? +F' +W) (G + B + CHB # G' + X) + WXCM + CSRSCHM

6) HPRS Eguation B9-1

H = HPRSCM + LPRS + LPISCM

LPRS = (B + J + CH4 + E +#+ E' + X) » (C+ K +#+ CH3 + D+ D' + W) + WXCM

No equation was derived for Z because it is assumed that Y implies

Z. The terms of these equations are defined in Appendix B. In
general, each term represents a group of system components. These
groups or modules were constructed in order to reduce the number
of terms in the Boolean equations. This greatly simplifies the
accident sequence calculation, i.e., reduces the computer time
regquired to perform the Boolean reduction. A module was created when
it was assessed that a group of components, such as a pump train
or control circuit actuation train, were independent from all
other plant components or modules.

The six Boolean equations are then "anded" together and

Boolean reduced., This reduction was performed by the SETS
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4.3.2 Identification of the Dominant System Accident Seguences

Using the procedure described in the previous section, each
potential core melt event tree sequence was quantified, Those
sequences with a frequency > 10-8/R-yr are listed in Tables 4-9,
4-10, and 4-11. These sequences were given to Battelle Columbus
Laboratories and analyzed in terms of accident processes. Work
at Battelle resulted in assigning an appropriate containment
failure . ode probability for those sequences which were found
to lead to core melt and the placement of the sequences in their
proper PWR release category. (Battelle's work 1s described in
detail in Chapter 5.)

Based on the estimated sequence frequency and release cate-
gory placement, those accident sequences which are expected to
dominate the risk at Oconee were identified. These sequences
and the most important system failures which cause the sequence
to occur (i.e., sequence cut sets) are discussed in detail in

Chapter 6.
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Table 4-2.

Alternate Equipment Success Combinations for Functions
Incorporated into the Oconee LOCA Event Tree

recently proposed an alternate criteria. The Duke criteria is:

1/3

Utilization of this criteria would not change significant

5
“It is assumed that the HPRS pum
is 2000F). In some sequences, water temperatures of greater than 20

success oL

3
See

Injection Phase Recirculation Phase
LOCA Reactor Containment Tcontainment 5 . ol
Size Subcriticality|overpressure|Post Accident)Emerjency|Overpressure Post Accident |Emergency
“rotection |[Radioactivity Core Protection [Radicactivity Core
Due to Steam Removal Cooling Due to Steam Removal Cooling
a4+ B s B _gvulqtjnn . IS, ' Evolution
4 »§ Control Redf1/2 Contain-1 172 CSTS i73 High |1/2 contain-] 1/2 CSR§  [1/3 High |
( €..087 |Groups ment Spray Pressure |[ment Spray Pressure
fe*) Ingserted Into fInjection InjectionjRecirc. Recirc
S,LOCA |Core by the (CS1S) OR (wP1s)? | (cSrS) with (HPRS )2
Reactor Pro- 1/3 Reactor ' the LPRS with
tection System Hldq. Fan heat exchan- Associated
(RPS) Coolers qger Low
{ RRCS OR Pressure
1/3 HRCS ::;;;?'
Lt w— i Y N S—
4710 1/3 WPis Mt i/2 TPRS |
(.087-2 AND
+59 %) 1/2 Low
59 LOCA Pressure
J/ Injection
et b RIS i = i (LPIS)
}—1-6._ - 44 - - ¢+ - <W — - Fl—") WPIs ] _— S . S <uML——<~~—<>¥ 44—
13.5"D AND
{.55-1.0 2/2°LP1S
fr*)
SlLOCA
(i) e (e ——4—1H S - ”7L"" *HVT'ﬁﬁfs'*" B | 1 WSS S pifiacie -
£e4) and 1/2
D>13.5" L LPIS
— . and
A' LOCA . A 'h . 77 c.rjxj,_l_w_Lv \v .. U
1‘rhe BECCS success criteria atilized in this study was taken from the FSAR. Duke Power has

1/3 #PIS for < 4" breaks,

HPIS and 1/2 LPIS and 2/2 CFT for 4*-10" breaks, 1/2 LFIS and 2/2 CFT for 10" breaks.

ly the results of this study.

ps can operate at greater than 200°F (the pump design temp
0OF may occur (i.e.,

¢ ECR with the LPRS heat exchangers unavailable).

Table 4-3 for variation depending on success or failure of event K.
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Table 4-3 Event Definition for LOCA Event Tree {Con't)

Y Reactor Building Cooling System (RBCS) (Injection Phase)

1

Failure to remove steam (heat) from the containment
atmoshphere by at least 1 out of 3 reactor building

cooling fans.

D Emergency Coolant Injection System (ECIS) - Failure to

provide sufficient water to the core to prevent

melt during the injection phase.

® ECIS for Large (A) LOCA = failure to provide flow to the

RCS from at least 1 of 3 high pressure trains, 1 out of
2 low pressure trains (taking suction from the BWST), and !

2 ovt of 2 core flooding tanks.

® ECIS for Medium (S;) LOCA - failure to provide flow to the RCS

from at least 1 of 3 high pressure trains and 2 of 2 low

pressure trains (taking suction from the BWST).

* ECIS for Small (S,) LOCA -
{a) For sequences containing event K - failure to
provide flow to the RCS from at least 1 out of
3 high pressure pumps and 1 out of 2 low pressure

trains (taking suction from the BWST).

{b) Por sequences containing event K - failure to
provide flow to t° R272S from 2 out of 3 high

pressure pumps and 1 out of 2 low pressure trains
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Table 4-3 Event Definition for LOCA Event Tree (Con't)

Failure of at least 1 out of 3 reactor building cooling
fans to continue to remove steam (heat) from the

containment atmosphere.

Emergency Coolant Recirculation System (ECRS) - Failure

to provide sufficient water to the core to prevent core

melt in the recirculation phase of a LOCA.

ECRS for Large, Medium and Small LOCA - failure to provide

flow to the RCS from at least 1 out of 2 low pressure

trains (taking suction from the reactor building sump).

ECRS for Small-Small LOCA - failure to provide flow to

the RCS from at least 1 out of 3 high pressure trains
with its associated low pressure train (taking suction

from the reactor building sump).

LPRS Heat Exchange (LPRSX) - Failure to provide suffi-

cient cooling of containment sump water by at least one
of two LPRS heat exchangers. This requires that both
LPRS trains or their associated low pressure service water

trains are inoperable.







Table 4-5. Event Definitions for Transient Event Tree

T, T, T3 Transient - Any abnecrmal condition in the plant which
requires that the plant be shut down, but

does not directly breach RCS integrity.
* Ty = Shutdown initiated bv a loss of offsite power.

* T, - Shutdown initiated by a loss of main feedwater

caused by other than a loss of offsite power.
* Ty - Shutdowns with main feedwater initially available.

K Reactor Protection Cystem (RPS) - Failure to insert > 6 con-

trol rod groups into the core.

M Uninterrupted Power Conversion System (PCS) - Failure of the

PCS to remain in uninterrupted operation following a transient.
Since the PCS will be interrupted by a T} and T, event M will

always follow these initiators.

L Emergency Feedwater System (EFWS), Recovery of the PCS, or High

Head Auxiliary Service Water System (HHASWS) - Failure to pro-

vide steam generator cooling by the use of at least one of

the following methods:

a) Recovery of the PCS

b) Flow from the EFWS turbine drive pump to at least
one steam generator or from one EFWS motor driven

pump to 1ts associated steam generator

4-29




4-30

Table 4-5. Event Definitions for Transient Event Tree (Con't)

Py

Ol

¢) Flow from the HHASWS pump to at least one steam

qenetator.l

RCS Safety/Relief Valve Demand (SR/Demand) - Failure to re-

quire the RCS pressure relief function (i.e. - RCS pressure

does not exceed relief setpoint).

Safety/Relief Valves Open (SR/VO) - Failure of sufficient

S/RVs to open and relieve excess primary system pressure.

Safety/Relief Valves Close (SR/VR) - Failure of any S/RVs

which opened to reseat.

High Pressure Injection System (HPIS) - Failure to establish

flow from BWST to the RCS using at least one high pressure
injection pump (for the purpose of a core cooling via a

"bleed and feed" operation).

Reactor Building Cooling System (RBCS) Failure tc prevent

containment overpressure due to steam evolution by the use

of at least one RCBS Fan.

Containment Spray Injection System (CSIS) - Failure to prevent

containment overpressure due to steam evolution or remove radio-
active effluents from the containment atmosphere by the use

of at least one CSIS subsystenm.

1The HHASWS would only be utilized following a station blackout (i.e.,
loss of offsite and onsite AC power). Credit is therefore not given
for this system for T2 and T3 transients.
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Table 4-6. Information on Oconee Systems Involved in LOCA Event Tree

ECRS
. ) LT =
CHRS
RPS CS18 RBCS CFS LP1S HPIS CSRS LPRS HPRS (LPSWS)
c D o ¥ H H G

K Y D
(App B3) (App Bl1) (App B1S) (App BS) (App B6) (App B8) (App B12) (App B7) (App B9) (Apv Bl4)

A Eg Bll-l(a) Egq Bl5-1(a) X Eq B6-1 Eq BS8-1la) X X x

8, Eq Bll-1(a) Eq Bl5-1(a) Eq B6-2 Eq B8-1(a) X X x

S, 2.6 x 10°° Eq Bil-1(a) Eq B15-1(a) Eq B6-1 Eq BB-1(a) x X x

S5 2.6 x 10”° Eq Bll-1(a) Eq B15-1(a) Eq B8-1(a) X X X X

T,Q, Ty0, T,0 Eq Bl1-1(a) Eq B15-1(a) Eq BB-1(a) X x X X
T, {By) @ EqQ Bll-1 Eq B15-1 1.0 X

1. The letter “X" denotes that a single Boolean equation was used tc describe the system. Refer to the
appropriate appendix.






Table 4-8. Deominant Cut Sets for Seguence Ty;MLO-FH

Cut Set
Cut Set Frequency Description

T, *M°Q*CONST1 *PCSNR "WXCM 1.1 x 108 T,M - loss of power conver- |
sion system; F(TyM)
= 3/R-yr

Q - failure of one pressur-
1zer safety/relief valve
to close; P(Q) = 0.05

CONSTI failure of emergency
feedwater system due to
primarily hardware fail-
ure of the turbine pump
train and both of the
electric pump trains;

P(CONST1) = 2.4 x 10-4

PCSNR failure to restore the
power conversion system;

P(PCSNR) = 0.1

WXCM

failure of the operator
to open the sump valves
at the start of recircu=-
lation which are common
to both the spray and
core cooling system;
P(WXCM) = 3 x 1073

T,*M*Q°CONST1*PCSNR*B*W 1 x 1070  7,,M,0,CONST1,PCSNR (discussed
above)

B*W - failure of the low pres- |
sure/containment spray :
injection Train B tank
suction valves and low
preéssure/containment
spray recirculation
Traln A sump svction
valves; P(B*w) = 2.7 x
10==

T, *M*Q*CONST1*PCSNR*C*X 1 x 10-10 T,,M,0,CONST1,PCSNR (discussed
above)



Table 4-8. Dominant Cut Sets for Sequence T2MLO-FH (Con't)

Cut Set
Frequency Description

failure of the low
pressure/containment
spray injection Train
A tank suction valves
and low pressure/con-
tainment spray recir-
culation Train B sump
suction valves; P(C+X)
= 2,7 x 1073

11

TZ'H'Q'CONSTI‘PCSNR'W'X 2.6 x 10~ TZ,M,O,CONSTI. PCSNR (discussed

above)

WX - failure of both low
pres ;ure/containment
spray recirculation
sump suction valveg:
P(weXx) = 7.2 = 10T

F(T,MLQ-FH)=) {Cut Sets) = 1.2 x 1078




Table 4-9. LOCA Sequences with Frequencies > 10_8/12—‘,'17
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Table 4-10.

Ty

Transient Induced LOCA Sequences with Frequencies 2 10'8/R-yr

T, MQO~H

1
TI(B3)MLQ—D
TlMQ-FH
TlMLQ-YD
TlMQ-D

T, (B4)MQ-D
TIMLO-H
TIMQ-CD

TlMLQ-FH

5.0
.

2.4

5.0

5.8

2.0

10”
10°
10~
10°
10

10~
107
10”7

10°

T2
T,MQ-H 1.1 x 107>
T,MQ-FH 5.0 x 107°
T,M0-D 1.5 x 1078
T,MQ-CD 6.0 x 10™’
T,MLQ-YD 3.6 x 107
T,MQ-CH 6.3 x 1078
T,MQ-YD 3.9 x 1078
T, MLO-H 2.6 x 107°
T, MO-YH 1.5 x 1078
T,MLQ-FE 1.1 x 107°

)
T MQ-H 1.5 x 1077
TMO-FE 6.2 x 107"
TMLO-YD 4.8 x 107°
T MO-D 2.0 x 1078
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surface of the structure is lined with a 1/4-inch thick welded
steel plate to assure a hich degree of leek tightness. In the
post-tensioned concept, the internal pressure load is balanced
by the application of an opposing external pressure type load
on the structure. Sufficient post-tensioning is used on the
cylinder and dome to more than balance the internal pressure so
that a margin exists beyond that reguired to resist the design
basis accident pressure. Bonded reinforced steel 1s also provided
to distribute strains due to shrinkage and temperature changes.
Additional bonded reinforcing steel is included around penetrations
and discontinuities to resist local moments and shears. The basic
design criterion is that the integrity of the liner be maintained
under all anticipated 'oad conditions and the structure shall have
an elastic, low-strain response under all design loadings.

Some of the principal design parameters for the containrent

building are as tollows:

Inside Diameter 116 %
Inside Height 208,5 ft
Vertical wall Thickness 3.75 £t
Dome Thickness 3.25 %
Foundation Slab Thickness 8,5 £t

Liner Thickness
Free Volume
Design Pressure
Test Pressure

Design Leak Rate

0.25 inch
1910000 ft3
59 psig

68 psiqg

0.1 Y/o per day




In the absence of detailed information on the sizing and
placement of reinforcing in the structure and given the limited
scope of the study, it was not possible to perform a detailed
nonlinear analysis of the structure to define an expected fail-
ure level. On the basis of available information on the details
of the structure and limited analyses, it was estimated that the
concrete would be loaded in tension and the post-tensioning
tendons in the hoop direction would reach their yield strength at
an internal pressure of about two times the design level. The
ultimate strength of the hoop tendons would be approached at abo! t
three times design pressure. Based on these observations, the
nominal failure level for the purposes of this study was selected
to be two times the design pressure, or 133 psia internal pressure.

As utilized here, the failure pressure is not a single discrete
value, but a continuous variablie with a cumulative probability dis-
tribution. This approach recognizes that the probability of
structural failure 1s small at loads slightly above design, but
increases with increasing loading. By definition, the probability
of failure at the nominal failure pressure is 0.5; it approaches
unity as the stresses due to the loading approach the ultimate
strength of the materials. Under this approach, a failure pressure

of 133 + 20 psia has been selected for the purpose of this study.

5.2.3 Oconee PWR Accident Segquences Considered

Accident event trees have been developed by the Systems

Analysis Team for several LOCAs (a, Sl' 82' 53) as well as

transients (T;, Ty, T3). Based on the preliminary evaluation of

the event trees and the potential conseguences of the various







of the core debris into the lower head of the reactor vessel; a
number of user selected oplions are provided for these transitions.
HEAD evaluates failure of the reactor vessel head considering melt-
through as well as the effects of pressure stress; the latter can
have a significant effect in small break and transient sequences.

The HOTDROP subroutine describes the interaction of the core debris
with water in the reactor cavity following vessel meltthrough,
including such effects as debris fragmentation, heat transfer, and
chemical reactions. The interaction of the core debris with concrete
is described by the INTER code, Reference (8); the latter was written at
Sandia National Laboratories and has been adapted and integrated by BCL
into MARCH. The FPLOSS routine describes the release of the radio-
nuclides from the fuel and follows the heat source associated with
each group of fission products. The MACE routine describes the
containment temperature and pressure history taking into account
nuclear and chemical heat generation, heat losses to structures,
effects of containment safeguards, intercompartment flows, leakage

to the outside, etc. MACE is continuously coupled to the other
subroutines in MARCH. It may be notea that the MACE subroutine in
MARCH provides the essential containment thermal-hydraulic input
required in CORRAL, the fission product transport code to be

discussed later.

5.3.1 Results

The results of the MARCH analyses of the key accident seguences
are summarized in Table 5-2. As can be seen, not all the accident
sequence-containment failure mode combinations were evaluated. How-

ever, a sufficient number of cases were evaluated in detail to



develop an overall insight on expected phenomena in the seguences

of interest. Some general observations on the MARCH results are
given below. A description of other Oconee sequences is given in
Appendix C.

The accidents initiatea by pipe ruptures were broken up in the
Systems Analysis Task into four categories according to the size of
the initlating primary system break. A classification ot this type
was required because the probability of occurrence varies with the
size of the break and also because the specific engineered safety
features required to mitigate the LOCA are a function of the size
of the break. In terms of the accident response as predicted by
MARCH, the LOCAs initiated by greater than 2-inch diameter breaks
are substantially similar to the large break (A) cases. While the
depressurization and blowdown rates for the S) and S, cases are
different from the A cases, they were sufficiently rapid for these
sets of cases so as to lead to very similar times for safety
system actuation, core melting, containment failure, etc. Thus,
from the accident processes viewpoint, the A, Sy, and 5, sequences
were treated as equivalent. For LOCAs initiated by breaks of
£ 2=inch diameter, on the other hand, the predicted accident behavior
was somewhat different. 1In the evaluation of the accident pro=
cesses, the S3 sequences were characterized by 2-inch breaks,

In these, the primary system depressurization is quite slow, with
core melting in most cases taking place while the primary system
was still at elevated pressure., The latter situation has several
implications, including: reducing the probability of the occurrence

of reactor vessel steam explosions, shortening the incremental

2=







to have any appreciable influence on the effects of a steam
explosion if it does take place.

Containment leakage (j3) results from the failure to isolate,
in the event of an accident, containment penetrations that are
normally open. None of the sequences involving containment isola-
tion failure were found to be among the dominant ones in the Reactor
Safety Study and the same situation is expected to prevail for the
Oconee design. This is a result of the combination of low probabil-
ity of these sequences together with relatively modest consequences
associated with them. As a result of these considerations, no con-
tainment isolation failure sequences were evaluated.

The potential for containment rupture due to hydrogen burning

{7) depends on a number of factors, namely, composition of the

atmosphere, availability of an ignition source, and incremental

pressure rise associated with the burning.

MARCH analyses indicate that for the Oconee core melt sequences
initiated by large and intermediate LOCAs, with containment safe-
guards operating, conditions favorable to hydrogen burning will be
achieved prior to the end of a core melting and are maintained for
the duration of the sequence. In corresponding seguences with no
containment safeguards, the high partial pressure of steam that
typically results may preclude hydrogen burning. In very small
break (S3) and transient (T) sequences, the hydrogen 1s not released
to the containment as it is generated, but may be retained partially
in the primary system until reactor vessel failure. The potential

flammability of the atmosphere subsequently may again depend on the



status of the containment safeguards. Combinations and intermediate

situations can also be observed in specific cases, e.q., flammable

atmosphere for limited periods of time.

The gquestion of the availability of an ignition source for
hydrogen burning can have several aspects. The hydrogen generated
during the core melting process will generally be at a very high
temperature, If the path from the core to the containment atmosphere
is short, e.g9., for a hot leg break, the hydrogen may be above the
spontaneous ignition temperature upon release to the containment
and no other ignition source will be required to produce burning.

I1f, on the other hand, the hydrogen pasres through a substantial
length of piping before reaching the containment, it may be cooled

to the point where an external ignition source would be reguired
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to produce burning. In several studies of large scale melt-
concrete interactions, hydrogen burning is apparently always ob-
served. Thus, the time of reactor vessel meltthrough and dropping of
the core debris on concrete may be the most likely point in the accident

z sequence for the ignition of hydrogen. Thus, for purposes of deter-

i mining containment failure mode probabilities, ignition of hydrogen

i at the time of vessel meltthrough has been assumed if the composition

F of the atmosphere is determined to be in the flammable region. Some

points of qualification regarding the application of these

experimental observations to the present analyses should be noted.

The experiments were conducted in a normal atmosphere with an

essentially unlimited supply of oxygen (air); this is clearly not

l the case in a closed containment where the gquantity of air is

limited and where the partial pressure of steam may be considerable.

5-10




Also, in many of the accident sequences of interest, the dropping
of the core debris is accompanied by large guantities of
water; whether this water could cool the evolved hydrogen suffi-

ciently to avert ignition is unknown.

5.4 Fission Product Release Evaluation

The fission product release model used in the present analyses
is the same as that used in the Reactor Safety Study. The model
consists of four fission product release terms for each of seven
classes of fission product species; additionally, a fraction of
1odine, one of these species, can be specified as being converted
to organic iodide. The release terms and classes of fission pro=
ducts are noted in the discussion below; the basis for and details

of this model are given in Appendix VII of WASH-1400.

5.4.1 CORRAL Code

The CORRAL (Containment of Radionuclides Released After LOCA)

code models fission product transport and disposition in contain-

ment systems of water cooled reactors. CORRAL 1I, the version used
here, Reference (7), is a revised and generalized version of the pro-
gram written for the Reactor Safety Study, Reference (2). The contain-
ment is represented by up to fifteen individual compartments connected
to each other in any combination of series or parallel arrangements,
Radionuclide release into the containment by any of four release
mechanisms for each of eight groups of fission products can be
specified. The four release mechanisms are: gap (cladding rupture)
release, fuel melting, fission product vaporization, and steam

explosion (cxidation) release. The eight groups of radionuclides




g

considered are: noble gases, molecular iodine, organic 1odine,
cesium-rubidium, tellurium, barium~strontium, ruthenium, and lan-
thanum. Radionuclides can be removed from the atmosphere by
particle settling, deposition, spray removal, pocl scrubbing,
filters, otc. Input reguirements for CORRAL irclude: descriptions
of the containment system, engineered safeguards parameters, timing
of accident events, thermodynamic conditions as a function of time, A‘p
intercompartment flows, leakage rates, and fission product release
component fractions. The code uses this input to continuously
compute changing properties and flssion product removal rates as a
function of time. These values are used in incremental solutions
to the coupled set of differential equations to obtain the time
dependent fission product concentrations and accumulations in each
compartment of the containment. The principal output consists of
cumulative fractional releases from containment with time for each

of the fission product groups.

5.4.2 Results

The results of the CORRAL calculations are summarized in Table
5=-3, The results »of the specific CORRAL cases presented here were
used to estimate the release fractions for other similar sequences
that were not evaluated in detail. This is similar to the approach

uysed in the Reactor Safety Study.

5.5 Summary and Discussion of Results

The combined results of the MARCH and CORRAL analyses of the

Oconee (BsW) PWR key accident seguences are summarized in Table 5.4.
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sprays are consistent with previous results except for the lower
release of iodine., The reasons for this have been discussed
previously.

Sequences involving loss of containment isolation (g) wervre
found to lead to Category 4 or Category 5 releases, without
and with containment safety features, respectivel .

Containment failure due to hydrogen burning (¥) occurring near the
time of vessel failure was found to lead to Category 2 and 3 releases.
The Category 2 releases are associated with sequences in which the con-
tainment sprays do not operate during core melting. The Category 3
releases are associated with sequences in which the containment sprays
are operational during core melting, but in which rapid hydrogen
burning is still predicted to have some probability of containment
failure. Even if operating, the sprays are assumed to be ineffective
for fission product removal following containment failure.

Some further considerations with regard to the treatment of the
hydrogen burning cases are as follows. As noted previcusly, the
most likely time of hydrogen ignition was judged to be at the time
the core debris drops to the floor of the reactor cavity. At this
time, the hydrogen concentrations are generally well into the flam-
mability range, and the assumption of burning leads to the prediction
of a significant probability of containment failure even though the
containment sprays and/or coolers are operating. If it were assumed
that the hydrogen burned as it was generated, or as soon as a flam-
mable composition was achieved, the effective rate of energy input
into the containment would be lower, and the time of containment

failure would be later than under the present assumptions, if it



were predicted at all. This could, in turn, shift the hydrogen
burning cases to lower release categories for the cases with
sprays operating. The latter set of assumptions would require
the availability of an ignition source other than the melt-concrete
interaction.
Containment overpressurization (4) in the absence of contain-
ment safety features was found to result in Category 2 releases,
In some instances involving limited containment safety feature
operation, containment overpressure failure was delayed substantially
in time; such sequences were found to lead to Release Category 6,
Containment meltthrougt (¢) was estimated to result in Release
Category & or 7. The former is associated with sequences in which
the containment sprays ave not available; the latter with sequences

in which the sprays operate,

5.5.2 Quantification of Containment Failure Modes

The guantification of the steam explosion probabilities was
discussed previously. Basically the reference steam explosion
probabilities are unchanged from the results of the Reactor Safety
Study. For core melting at high ambient (primary system) pressure,
the probabilities of steam explosions are reduced on the basis of
the results of studies at ANL and Sandia.

The probability of contairment isolation failure (8) was estimated

3

in the systems analysis task to be approximately 7 x 10 °., It was ex-

pected that sequences involving containment isolation failure would not

significantly contribute to the overall risk. This expectation was

supported by the results of this study.
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The probability of containment failure due to hydrogen burning

() was evaluated in light of the previously discussed containment

failure pressure. For many sequences involving complete failure of

the containment safety features, the partial pressure of steam in

the containment atmosphere is high enough to preclude hydrogen

burning. In a number of other seguences the containment pressure at

the time of assumed burning, i.e., the time of vessel head fail-

ure, was found to be elevated even with the operation of containment

safety features; in these, the pressure resulting from rapid hydrogen

burning was found to be about egual to the nominal failure pressure.

A failure probability of 0.5 was determined for these sequences. In

another clzss of seguences, e.g., LOCAs with containment safety features

operating, the assumption of rapid hydrogen burning at the time of head

failure was found to lead to pressures somewhat below the nominal failure

level, but substantially above design levels. These have been

assigned a failure probability of 0.2. As was previously noted,

the prediction of the possibility of containment failure due to

hydrogen burning in the presence of containment safety features is

closely related to the assumptions of accumulation of the hydrogen

up to the time of and ignition at the time of head failure. Changes

in these assumptions could alter the above probabilities.

The probability of containment overpressure failure (4) is

again evaluated by comparing the predicted containment pressure with

the failure pressure.

In sequences where all the safety functions except

gltimate heat removal are successiul, containment overpressurization will

T p—
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Figure 5-1 PWR Containment Event Tree
Table 5-1. Containment Event Tree Notation
Symbol Letter Meaning
CRVSE a Containment rupture due to a
reactor vessel steam explosion
CL g Containment leakage
CR~-B Y Containment rupture due to
hyvdrogen burning
CR=-0OP § Contaivment rupture by over-
pressurization
CR-MT £ Containment failure by base

mat meltthrough
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z Table 5-4. Oconee (B&W) PWR Key Accident Sequences (cont'd)
S
RELEASE CATEGORY
Sequence 2 3 4 5 6 7
TZMQDF a=,0001 y=0.5 B=.0073 e=0.5
T3MQH a=,0001 ¥y=0.5 £=.0073 £=0.5
T3MQFH a=.0001 y=0.5 B=.,0073 £=0.3
T3MLQH x=,0001 ¥y=0.5 £=.0073 €=0.5
T3MLQYD 1=,0001 y=0.5 £=.0073 e=0.5
T3HQD w=,0001 y=0.5 #=.0073 £e=0.5
TIMLU a=,0001 y=0.5 E=.0073 £=0.5
TlMLUO' a=,0001 v=0.5 #=.0073 £=0.5
TlMLUOO' =,0001 &=0.5 4=,0073 £e=0.5
T1(83)MLU a=,0001 y=0.5 g=.,0073 £e=0.5
Tl(B3)MLUOO' a=.0001 §&=0.5 8=.0073 e=0,5
T1(83)MLUO' a=,0001 ¢=0.5 B=,0073 £e=0.5
TIHLUO a=,0001 y=0.5 g=,0073 e=0.5
TI(BB)MLUO a=.0001 ¥=0.5 g=,0073 e=0.5
TIMLP2 a=.0001 y=0.5 g=.0073 e=0.5
T2HLU a=.0001 ¥y=0.5 £=,0073 £=0.5
TZMLUO' a=,0001 y=0.5 f=.0073 e=0.5
T, MLUOO' a=,0001 6=0.5 £=,0073 e=0.5
T,MLUO a=,0001 ¥=0.5 £=.0073 e=0,5
T, KMU x=,0001 v=0.5 £=.0073 £=0.5
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Table 5-4. Oconee (BaW) PWR Key Accident Sequences (cont'd)
RELEASE CATEGORY
Sequence 1 2 3 4 5 ) 7
TZMLPZ i=.01 y=0,2 £=,0073 £=0.8
TJMLU i=,0001 y=0.5 f=,0073 £=0.5
TxMLUO' 1=,0001 y=0.5 8=.0073 £=0.5
TJMLUO a=,0001 =0.5 E=.0073 =0.5






frequency for categories 1, 3, 5, and 7, and greater tnhan 80% of
categories 2, 4, and 6. The dashed lines represents the release
category frequencies after application of the RSS curve smoothing
technigue: thot is, a probability of 0.1 was assigned to an accident
sequence being In the adjacent release categcry, and a probability
of 0.71 was agsigned to an accident sequence being two release
categories from the one in which it was placed, etc. The curve
smoothing technigue reflects the uncertainty associated with the
categorization of each accident sequence. As can be noted from
the figure, the effect of curve smoothing dominates the fi.~quency
estimates for relesse ~ategories 1, 4, and 5.

The dominant accident sequences will now be discussed in the
order they are displayed in Figure 6-1. Only the most dominant
et sets for each accident sequence are listed. Also, some contain-
ment failure modes were no* liscussed for certain sequences. This
was donc whoa sequences were not dominant in a particular category.
The systems and cut set terms used to describe the accident sequences

are discussed in Appendix B.

Sequence ToMLU Y, B, €3

“his sequence is initiated by a loss of the power conversion
system (ToM) followed by failure to restore the power conversion
system and failure of the emergency feedwater system (L), and the
failure of the high pressure injection system (U). Containment
failure is predicted to he one of the following: containment
overpressure due to hydrogen burning (Y), penetration leakage (F),

or base mwat melt through (£).
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Seguence Ve

This sequence represents failure of the Low Pressure Injection
System check valves when the normally closed isclation MOV is
opened for quarterly tests.

The primary coolant system operates at high pressures and con-
sists of piping designed to withstand these pressures. There are
systews which connect to the primary coolant system which may possess
low pressure piping passing outside of containment, thus offering the
potential for a loss of coclant accident outside the containment and
concurrent damage tc systems needed to cope with this accident. These
are discussed in some detail in Apperdix A3.

One such system identified is the low pressure injection system.
This sequence assumes failure of a series of two check valves in cne
of the low pressure injection system lines and the opening of the
normally-closed isolation MOV, which is also in series with the check
valves, for cuarterly MOV testing. This would allow high pressure
coolant water tc enter the low pressure piping outside containment
and pipe rupture to occur. The containrent ergineered safety features
would be ineffective for this accident, and the low pressure injection
system would alsc fail due to the LOCA. As a result, cocre melt would
occur.

Since failure of these valves would lead to a LOCA outside con-
tainment, the status of the containment is a relatively moot guestion.
The consequences of this sequence correspond to those of release
category PWR 2 according to the accident process analysis task. The
probability of this seguence is the probability of failure of the two
series check valves and the cpening of the isolation MOV for quarterly

tests. 1t should be noted that no provisicn exists to menitor the




status of the check valves before the MOV is opened. Event V is

discussed in Apprendix A3 and has a frequency of:
V= 7.4 x 105,

The probability of occurrence for this accident is dominated by
the failure mode caused by both check valves failing to reseat after
a cold shutdown flow test of the low pressure injection system. This

failure mode comprises 94% of the sequence V ptobability.l

Sequence T;(B3)MLU Y, B, €

This sequence is initiated by a loss of offsite power (TM),
fcllowed by the failure of the emergency AC hydrecelectric generatoers
(B3), fecllowed by the failure to restore the power conversion
systen (offsite power must be restored) and failure of the emergency
feedwater and Ligh head auxiliary feedwater systems (L), and the
failure of the high pressure injection system (U). Containment
failure is predicted by overpressure due to hydrogen burning (Y),
penetraticor leakace (£), or base mat melt through (£).

This sequence is alsc similar to the TyMLU transient discussed
previcusly. In this case, however, a locss of both the normal and
ermergency AC power sources (i.e., station klackout) is assumed to
occur (Ty;(B3)). Since the turbine driven emergency feedwater system

punps reguire cocling from the AC derendent low pressure service

11t ras been recertly learned that the rormally closed isolation MOV

is no longer opened when the plant is at power. This is an interim
solution to reduce the sequence V frequency. The plant will eventuvally
install a pressure gauge downstream of the MOV which will he checked
prior to opening the MOV when at power. It is expected that these
desion changes will cause the Event V frequency to decrease to approxi-
mately that of the Surry plant, if not lower. Therefore, in Figure
6-1, the value used for Event V was the Surry value, namely, 4.0x1076,
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The containment failure mode probabilities and release category

placement were assessed to be:

P(Y) 0.5 ? category 3
P(B) = 0.0072 : category 5

P(g) 0.5 3 category 7

Multiplying the sequence freguency with the containment fail-

ure mode probabilities results in the values presented in Figure 6-1.

ey

Sequence ToMC-H Y, B, &

This seguence is initiated by a loss of the power conversion
systen (ToM) followed by failure of one pressurizer safety/relief
valve tc reclcse (), and failure of the emergency coolant recircula-
tion system (H). Containment failure is predicted by one of the
following: containment overpressure due to hydrogen burning (Y),
penetration leakage (£), or base mat melt through (c).

This seguence is & transient induced LOCA (T2HC) in which
the emeraency core cooling systen fails during the recirculation
phase (H).

It is assumed in this sequence that the emergency feedwater
systen is successful or the I'CS is restored, but their initiation
is delayed. This delay weculd cause the RCS pressure to rise causing
a demand of the pressurizer safety/relief valves. Failure of one
of these valves to reclose would constitute a swall-small LOCA.

This sequence assumes that the LOCA systems perform successfully
during the injection phase (i.e., water source is borated water

storage tank) but the emergency coclant recirculation system (ECRS)



fails during the recirculation phase (i.e., water source is contain-

ment sump).

For a small-small LOCA,

the ECRS is composed of the

high pressure recirculation system taking suction from the discharce

of the low pressure recirculation system.

This alignment is per-

formed by the operator in the control room.

The frequency of this sequence is estimated as:

ToMO-H = 1.1 x 10~3

The dominant contributors to this frequency are:

Cut Set

T,"M*P;" Q" HPRSCM

T, M*P) Q' LPISCM

To*M*'P"Q'D°E

Cut Set
Freguency

4.5 x 107°

4.5 x 10°

7.4 x 10”7

Description

T,M - loss of power conversion system;
F(ToM) = 3/R-yr

P, - pressurizer safety/relief valves
demanded open; P(P;) = 0.01

Q - failure of any pressurizer safety/
relief valve to reclose;
P(Q) = 0.05

HPRSCM - failure of operator to alian
suction of high pressure
recirculation system tc the
discharce of low pressure
recirculation system;
P(HRPSCM) = 3 x 1073

To: M, ?1. Q (discussed ahove)

LPISCM - failure cf low pressure
recirculation system due to
test valves left in wrong
position: P(LPISCH) =
3 x 10-3

Tae M, Fl' ¢ (discussed akove)

I*E - failure of both low pressure

pump trains A and B
P(E*D) = 4.9 x 10~% (dcuble

maintenance removed)
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random rupture in the RCS piping rather than by a stuck open pressur-
izer safety/relief valve. The systems responding to both types of
LOCAs are identical and the dominant failure contributors of the
emergency coolant recirculation system are also identical.
The frequency of this sequence is estimated as:
S3H = 1.0 x 107°

The dominant contributors to this frequency are:

Cut Set
Cut Set Frequency Description
Sy 'HPRSCM 3.9 x 107 S3 - rupture of RCS piging, 0<D<4"*
F(S3) = 1.3 x 1077 /Ryr
HPRSCM - (described previously)

S4°LPISCM 3.9 x 107% S5, LPISCM - (described previously)
S3°D'E 6.4 x 1077 83, D'E - (described previously)

Sy E'W 2.7 x 1077 S3, E'W - (described previously)
S3°D°X 2.7 x 1077 Sy, D'X = (described previously)

The containment failure mode probabilities and release category
placement were as follows:
P(y) = 0.5 $ category 3
p(g) = 0.0073 category S

P(e) = 0.5 ; category 7

Multiplying the sequence freguency with the ~ontainment failure

mode probabilities results in the values presented in Figure 6-1.

2

Sequence S;D %, ¥, ©, E3

This sequence is initiated by a rupture in the RCS piping in
the range 10" «D<13.5" (S;), followed by failure of the emergency

coolant injection system (D). Containment failure is predicted



by one of the following: vessel steam explosion (2), containment
overpressure due to hydrogen burning (Y), penetration leakage (8),
or base mat melt through (<).

This sequence assumes an intermediate size LOCA occurs followed
by failure of the emergency core cooling system during the injection
phase. Containment systems would operate as designed to control
containment pressure and to remove radiocactivity from the atmosphere,
but failure of the core cocling system would lead to hroil off of the
water covering the core resulting in core melt.,

The equipment required for core cocling for this size break is
given in the FSAR as one of three hich pressure injection system
pump trains and two of the low pressure injection system pump trains.l
The requirement of btoth low pressure trains implies that any single
failure in the low pressure injection system will fail the emergency
cooclant injecticn system. Single failures, therefore, dominate the
eccident sequence cut sets.

The frequency of this seguence is estimated as:
§;0 = 6.7 x 1076
The dominant contributors to this frequency are:

Cut Set
Cut Set Frequency Description

§,°D 2.3 x 10°© S, = rupture of RCS Biping, 10"<D<13.5";

F(8;) = 1 x 107" /Ryr

L - failure of pump grain A discharge valves:
P(E) = 2.3 x 10"2,

lpased on recent discuesions with Duke Power, the FSAR criteria used
for this break size range was found to be conservative. The more
realistic criteria requires 2/2 CFT and one low pressure pump.
Utilizing this criteria would significantly reduce the frequency

of this sequence.




Cut Set
Cut Set Frequency Description

§;'E 2.3 x 10°% § - failure of pump Train B discharge valves:
P(E) = 2.3 x 1072

§, "CH3 5 x 10°7 CH3 - failure of pump Train A actuation channel:
P(cH3) = 5 x 1073

€,°CH4 5§ x 10~ CH4 - failure of pump Train B actuation channel;
P(CH4) = 5 x 1073

§,°C 3.3 x 1077 ¢ - failure of p”ms Train suction valves:
p(c) = 3.3 x 107

Sl'B e i 107 B - failure of pumg Train suction valves;
P(B) = 3.3 x 107

§)"LPISCM 3 x 107 LPI1SCM - failure to reclose low pressure pump
train test valves: P(LPISCM) = 3 x 103

The containment failure mode probabilities and release category

placement were as follows:

P(a) category
P(Y) 0.2 category
P(B) 0.0073 category

P(€) 0.8 category

Multiplying the sequence frequency with the containment failure

mode probabilities results in the values presented in Figure 6~1.

Sequence ToMC-FH Y, 8, €:

This sequence is initiated by a loss of the power conversion

system (TyM), failure of one pressurizer safety/relief valve to

reclose (Q), failure of the containment spray recirculation system
(F), and failure of the ermergency coolant recirculation system ().

Containment failure is predicted by one of the following: containment




overpressure due to hydrogen burning (Y), penetration leakage (£),
or base mat melt through (£).

This sequence is a transient induced LOCA (TyMQ). As described
earlier in the T,M(-H sequence, the LOCA is created due to a failure
of a pressurizer relief valve to reclose after being demanded. The
demand of the valve is assumed to occur due tc a delay in the inita-
tiorn of the emergency feedwater and/cr restoration of the power
conversion system. 1In this sequence, the LOCA systems perform
successfully during the injection phase, but the emergency core
cooling system and containment spray system fail during the recir-
culation phase.

The frequency of this sequence is estimated as:
T,MC-FH = 5.0 x 1076

The main contributor to this occurrence is due to a failure of the
operator to correctly follow emergency procedures which instruct
him to open both sump MOV's which are common to both the core cool-
ing and spray systems when the borated water storage tank reaches

94% empty. This cut set, along with other contributors, are listed

below:
Cut Set
Cut Set Frequency Pescription
Tz'ﬁ'ﬁl'C'WXCM 4.5 x 10°€ T,M - loss of power conversicn system;

F(TaM) = 3/R-yr

Py - pressurizer safety/relief valves
demanded open P(P;) 0.01

Q - failure of any safety/relief valves
to reclose; P(Q) = 0.05
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Seguence E3I'll Y, &, %=

This sequence is initiated by a rupture in the RCS piping in
the range 0<D<4" (€3), followed by failure of the containment
srray recirculation system (F), and ermergency coclant recirculation
system (#). Containment failure is predicted by one of the following:
containment overrressure due to hydrogen burning (Y), penetration
leakage (B), or base mat melt throuch ().

This sequence is initiated by a random rupture of the RCS piping.
In this sequence, the LOCA systems perform successfuily during
injection phase, but tre emergency core cocling system and ccntainment
spray system fail during the recirculaticn phase.

The fregquency of this sequence is estimated as:
SyFH = 4.2 x 1078

The main contributor to this cccurrence is due tc a failure of the
cperater to correctly follow emergency procedures which instruct
him to open both sump MOV's which are commen to both the core
cooling and spray systems when the rorated water storage tank
reaches 24% empty. This cut set, along with other contributors,

are listed bvelow:

Cut Set
Cut Set Freguency Cescription
8 3" WXCM 3.9 x 107® &5 - rupture of RCS piging, 0 ¢ D < 4",
F(S3) = 1.3 x 107°/R yr.

WXCM -~ failure of the operator to open
the sump valves at the start of
recirculation which are common
tc both the spray and core coos—
ing systems; P(WXCM) = 3 x 107

L3'w'x ) S0 AN 10-7 S3 (discussed above).
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Description

Cut Set
Cut Set Frequency
S3'B'W 3.5 x 1078
$3°C°X 3.5 x 1078

W*X - failure cf both low pressure/
containment spray recirculaticn
sump sucticn valves; P(W'X) =
8.8 x 1072 (double maintenance
removed) .

§3 - (discussed aktove)

B*W - failure of the low pressure/con-
tainment spray injection Train B
tank suction valves and low
pressure/containment spray re-
circulation Train A sump syction
valves; P(B*W) = 2.7 x 107"
(double maintenance removed).

Sy - {discussed akove)

C*X - failure of the low pressure/con-
tainment epray injection Train A
tank suction valves and low
pressure/containment spray re-
circulation Train B sump suction
valves; P(C*X) = 2.7 x 107
(double maintenance removed).

The containmwent failure node probabilities and release cate-

gory placements were as follows:

P(Y)

P(B) = 0.0073 ¢

ple) = 0.5

G.5

: category 2
catecgory 4

: category G

Multiplying the sequence frequency with the containment failure

mode probabilities results in the values presented in Figure 6-1.

Sequence S,FH 13, 8, €z

This sequence is initiated by a rupture in the RCS riping in

the range 4"<D<10" (8,), followed by failure of the contairment

spray recirculaticn system (F), and emergency coclant recirculation
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Cut Set
_ Cut Set Frequency Description

T
i

‘M*"PCSNR*F1°CH4 2.1 x 10°© To, M, PCSKR (discussed above)

“
F1+-CH4 - failure of Loth low

pressure service water
pump trains. One fails
to continue operation
(F1) and the other
fails to start due to
faults in the actuation
circuit (CH4):
P(F1+Cti4) = 7 x 10-6

The containment failure node probabilities and release category

rlacements were assecssed as follows:

P(Y) 0.5 category 3
P(8) 0073 category 5

pP(e) 0.5 catecgory 7

Multiplying the sequence freguency with the containment failure

mode probabilities results in the values presented in Figure 6-1.

Sequence ToMKU Y, B, €:

This sequence is initiated by a lcss of the power conversion
system (ToM) followed by failure of the reactor prctection system
(K), and the failure of the high pressure injection system (U).
Centainment failure is predicted by one of the following: contain-
ment overpressure due to liydrogen burning (Y), penetration leakage
(B) or Lase mat melt thrcugh (€).

This sequence is of the type known as Anticipated Transients
witlout Scram (ATWE). This type of transient for B&W reactors has
been studied in depth (NUREC-046C). This report states that if a
lose of main feedwater is followed bty a failure to scram (reactor

protection system failure), RCS peak pressures in the 4000-50CC psi













by one of the following: containment overpressure due to hydrogen

burning (¥), penetration leakage (£), or base mat melt through (t).
This sequence is similar to the 51D sequence discussed earlier

except that a different combination of ECCS subsystems must fail

to cause a core melt. The equipment required for injection for this

size LOCA is defined in the FSAR as one high pressure pump train.

The frequency of this sequence is estimated as:

S50 = 1.4 x 10~®

The dominant contributors to this frequency are:

Cut Set
__Cut Set S Frequency Description

S3°Cl*Bl 10'; S3 = rupture of RCS piping,
S3°Al°81 1077 D<4". F(Sy) = 1.3 x 1073/
$3°CH1"B1 10~ R-yr.

Sa‘Cl'C42 10'2 cl*al, Al*Bl, CH1"Bl, Cl1*CH2,

53'A1'CH2 IO-é Al°CH2, CH1°'CH2 - double hard-

S3"CH1°CH2 107 ware and/or human failures in
the high pressure injection
system
P(CH*B1) 10~4
P(Al+BL) 10-4
P(CH1°B1) 10-4
P(C1-CH2) 105
P(Al+-CH2) 10=5
P(CH1+CH2) 10=5

S 5 *RCSRBCM RCSRBCM - Common mode mis-
calibration of the sensor/
bistables which actuate the
HPIS. The sensor groups are
the RCS low pressure and
Reactor Building Hi prgasure.
R{RCSRBCM) = 3.2 x 10~

The containment failure mode probabilities and release category

placements were as follows:







Cut Set
Cut Set I requency Cescription

M - Interruption of the PCS;
P(M) = 1.0

Ty "M°F1°CH4 1.4 x 1076 {Terms F1'Gl and F1'CH4 are
1
described in TyMLUC sequence)
The containment failure mode probabilities and release category

placements were as follows:

P(Y) = 0.5 category 3
P(8) = 0.0073 category 5

P(e) = 0.5 category 7

Multiplying the sequence frequency with the containment failure

mode probabilities results in the values piesented in Figure 6-1.

Sequence T3MLUO y, 8, ¢

This sequence is initiated by a reactor trip with the power
conversion system initially available (T3), fellowed by the failure
of the power conversion system (M), failure of the emergency feedwater
system (L), failure of the high pressure injection system (U), and
failure of the reactor building cooling system (0). Containment

failure is predicted by overpressure due to hydrogen burning (Y),

penetration leakage (P), or base mat melt through (¢),.

This sequence is similar to the T,MLUO sequence discussed
earlier except that the initiating event is & reactor trip with the
power conversion system initjally available. 1In the T2MLUO sequence,
the PCS is interrupted and must be recovered. WNonrecovery of the

PCS is represented by the term PCSNR and is assessed to be .1. For
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the T3yMLUO sequence, the FJ% is initially available. Event M repre-
sents interruption of the PCS and is given a value of .01 for this

sequence.

The frequency of this seguence is estimated ro bhe:

TMLUO = 1.1 x 107°
The dominant cut sets are:
Cut Set
Cut Set Frequency o Pescripticn
T3'M'F1'Gl 8.0 x 10~7 Tq = Transients requiring shut-
down with the PCS initjally
available; ¥(T3) =
4/reactrr-year.
M = Interruption of the PCS:
P(H) = 001'
(Terms F1+Cl and F1+*CH4 are
discussed in sequence TMLUO
Jescription)
Ty'M*F1*CHY 2.3 x 1077

The containment failure mode probabilities and release category

placements were as follows:

P(y) = 0.5 H vategory 3
P(B) = 0.0073 ; category 5

pP(<) = 0.05 : category 7

Multiplying the sequence frequencies with the containment

failure mode probabilities results in the values presented in Figure 6-1.

Sequence ToMQ-D v, £, ©:

This sequence is initiated by a loss of the power conversion
system (ToM) followed by failure of one pressurizer safety/relief

valve to reclose (Q), and failure of the emergency coolant injection
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syster (D). Containment Faslure is predicted by one of the following:
coutainment overpressure due to hydrogen burning (Y), penetration
teakaze (#7, or basa mir melt through (%),
Th1s sequence is a transient induced LOCA (T2MQ) in which the
emergency core cooling system falls during the injection phase (D).
It is assumed in this sequence that the emergency feedwater
system is successful or the PCS is restored by their initiation is
Aelayed. This delay would cause the RCS pressure to rise causing
a derand of the pressurizer safety/relief valves. Failure of one
of thess valves to reclose would constitute a small-small LOCA.
The higli pressure injection system which is called upon to provide
emergency core cooling in response to the LOCA also fails.

The frequency of this seguence is estimated as:
T,MQ-D = 1.5 x 1076

The dominapt cut sets are identical to those previously
described in the 33D sequence. The only difference is that this

sequence is a transiea® 1nduced LOCA rather than a pipe rupture.

Cut Set
Cut Set Freguency Description
Tz‘ﬂ‘ﬁl'v'C1'Bl 5.1 x 10~7 T,M - loss of power conversion
system F(TyM) = 3/R yr
Py - pressurizer safety/relief
valves demanded open;
P(P;) = 0,01
Q - failure of one pressurizer
safety/relief valve to
reclose; P(Q) = 0.05
Cl1°81 (described in S3D sequence)
Tz'M‘Fl'Q'Al‘BI 5.1 x 10~7 (The rest of the cut set terms

are described in S3D seguence)
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Cu’ Set
Cut Set Frequency - Description

T,°M" B, * Q' Chl Bl 2.7 x 1070
T,*M*F*Q'Cl CH2 7.4 x 1077
T, 'M'F) *Q*Al*CH2 7.4 x 107,
T,'M*P) Q' CH1'CH2 3.8 x 1070
Ty M'P "0 ROSRBC 4.8 x 107"

The containment failure mode probabilities and release category

placements were as {ollows:

P(Y) = 0.5 category 3
P(B) = 2.0073 category 5

#(e) = 0.5 cateqgory 7

Multiplying the sequence frequency with the containment failure

mode probabilities results in the values presented in Figure 6-1.

6.2 Comparison With the Dominant Accident Sequences in the Reactor
Safety Study

The Surry sequences which dominated the seven PWR core melt
release categories in the RSS are presented in Figure 6~2. A short
description of thcose are presented below:

TMLB'~%, Y, €3 failure of the feedwater delivery system (power
conversion (M) and auxiliary feedwater systems
(L) given the initiating transient event of
loss of offsite AC power (T) with failure to
recover either onsite or offsite AC power within
about 3 hours, preventing containment ESF mitiga-
tion of accident (B') consequences. Containment
failure due to overpressure, hydrogen burning,
or melt through.

interfacing systems LOCA due to failure of the
LPIS check valves.

failure of the containment spray injection
system (C) given a small LOCA (S3) (1/2"<D<2").
Containment failure due to overpressure.




AD="3

AH=rg

8yD=%y

S1H=-%1

SaD=%y

SaH~-%:

TML=-%2

TKQ=€3

TEKMQ-<3

failure of the emergency coolant injection
system (D) given a large LOCA (A) (D26").
Containment failure due to melt through.

failure of the emergency coolant recirculation
system (4) given a large LOCA (A) (D»6"). Con-
tainment failure Aue to melt through.

failure of the emergency coolant injection
system (D) given a small LOCA (2"<D<6"). Con-
tainment failure due to melt through.

failure of the emergency coolant recirculation
system (H) given a small LOCA (2"<D<6"). Con-
tainmeny. failure Aue to melt through.

failure of the emargency coolant injection
system (D) given a small LOCA (1/2"<D<2").
Containment failure due to melt through.

failure of the emergency coolant recirculation
system (H) given a small LOCA (1/2"<D<2"). Con-
tainment failure due to melt through.

failure of the feedwater delivery system (power
conversion (M) and auxiliary feedwater (L)) given
a transient initiating event (T). Containment
failure duz to melt through.

failure of the reactor protection system (K) to
shutdown *he reactor and failure of at least
one pressurizer safety/relief valve to reclose
{Q) given a transient initiating event (T).
Containment failure due to melt through.

failure of the reactor protection system (K) to
shutdown the reactor; failure of power conversion
system (M) and failure of at least one pressur=-
izer safety/relief valve to reclose (Q) given a
transient initiating event (T). Containment
failure Adue to melt through.

These Surry sequences dominate the seven PWR release categories

after applying the RSS curve smoothing technique. They should be

compared with the Oconee sequences placed in categories 2, ?, 6 and

7, since they also dominate the seven release categories after

application of curve smoothing.
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The equivalent of the Surry TMLB' is the Oconee T)(B3)MLUOO'.
The core melt frequency of the Oconee sequence is about two orders
of magnitude lower. This is due primarily to the increased
availability of emergency AC power at Oconee.

The V sequence is important at hoth plants. The Oconee
sequence was estimated to have more than an order of magnitude
greater frequency due primarily to the closed MOV upstream of the
isolation of check valves.! This closed valve required the dominant
failure mnde, caused by failure of both valves to reseat, to be
includad in the frequency calculation. The equivalent Surry MOV
was in the open position.

The Surry TML and the equivalent Oconee sequences T|MLU, TMLU,
and Tj(B3)MLU, T MLUO, TpMLUO, and T3MLUO, are also important at
both plants. The Oconee sequences have a total frequency estimate
which is a factor of three higher than the comparable Surry sequences.
The reason for the higher frequency estimate for Oconee is primarily
due to a common mode failure of the systems defined by events L, U,
and 0. These systems require low pressure service water for component
cooling and will fail if cooling is not provided. The similar
Surry systems do not have a comparable common mode failure.

Several LOCA sequences which involved failure of the emergency
core cooling system, either during the injection or recirculation
phases, were important at Surry (e.g., AD, AH, S;H, S3D and SpH).
These LOCAs were caused by a random rupture of the RCS piping.
Several LOCA segquences were also important at Oconee. At Oconee,

however, these LOCAs were due to random RCS ruptures, as well as

11t has been recently learned that Duke Power has introduced changes
which significantly reduce the frequency of this sequence. Refer
to discussion of Sequence V in Section 6.1.
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stuck open valves (i.e., transient induced LOCAs). 1In the

RSS, transient induced LOCAs were conservatively assumed to lead

to core melt and were not analyzed in detail. The overall core melt
freguency, due to LOCAs, (other than the V LOCA) is similar for

both plants. 1€ one sums the Oconee random and transient induced
LOCA sequence frequencies given in Tables 4-~9 and 4-10 of Chapter 4,
and compares the sum of the Surry LOCA sequences, it can be noted
that there is less than a factor of two difference in the totals.

LOCA sequences involving failure of the CSRS (Event F) and
the ECRS (Event H) were important at Oconee, but not at Surry.

At Oconee, the failure of both systems is dominated by the common
mode failure of the operator to realign both systens from the
injection to recirculation mode. This _ommon mode failure does
not exist at Surry since the operator must manually realign only
the ECRS. At Surry, the CSRS is automatically initiated.

Another important cor- melt sequence at Surry was S3C. Fail-
ure of CSIS prevents the addition of large guantities of borated
water to the containmernt. Since only a small portion of the
reactor coolant system inventory leaks to the sump, sufficient
alevation head is not available and LPRS and CSRS pump cavitation
and core melting will eventually occur. Due to the presence of
the Oconee rezactor building cooling system, which performs a redun-
dant containment overpressure protection function to the containment
spray injection system, the S3C sequence does not result in core
melt. The equivalent core melt seajuence at Oconee would be S3CY.
This sequence is not as significant a risk contributor for the
Oconee plant as the equivalent Surry sequence due to its much

lower segquence probability.

L N N W R T R Y —— W =SSN SNNEaRNaNa=_.
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At Surry, sequences where there is failure to achieve reactor
shutdown accompanied with a stuck open pressurizer relief valve
(TKQ and TKM(C), were assessed to be core melts. As mentioned pre-
viously, transient induced LOCAs, such as these, were not analyzed
in detail in the RSS and were conservatively assumed to lead to
core melt., More detziled research conducted during this study
indicated that these sequences do not lead to core melt at Oconee.
A reanalysis of the Surry TKQ and TKEMC sequence would most likely

indicate that these sequences are also non core melts.

6.3 Conclusions and Limitations

6.3.1 Conclusions
Several insights can be gained by cowparing the Surry and
Oconee plants:

+ Details in such items as operating procedures and systems
valve status can be very important to the risk associated
with a plant. This is evident upon comparing the frequency
estimate of the interfacing system LOCA, event V, for both
plants. The only significant design difference is that a
motor operated valve is normally closed at Oconee, whereas
the equivalent valve at Surry is normally open.

+ Several plant systems and cdesign features which are important
to the public riek are different for the Oconee PWR and the
Surry PWR. However, there do exist plant systems, even though
design details may differ, which are important to punlic risk
for both PWR plants.

* The methods used for determining public risk in the RSS are

equally applicable to a Babcock and Wilcox PWR.



Several conclusions can be drawn by comparing the Surry and

Oconee dominant accident sequences:

* The frequency cof core melt due to LOCAs (other than an inter-
facing system LOCA) is similar for both plants (i.e., estimated
within a factor of two).

The freguency of ar interfacing system LOCA event V, was
assessed to be much higher at Oconee.l! This frequency could
bte reduced toc a level comparable with the Surry event V by
simply changing the motor coperated isolated valves from

normally closed to normally open.

The frequency of core melt accidents initiated by transients
is similar for both plants (i.e., estimated within a factor
of two).

Containment overpressure failure due to hydrogen burning was
assessed to be more important at Cconee. The reason for this
is that the Surry accident sequences which dominated the
release categery in which hydrogen burning is usually placed,
failed the containment by overpressure due to steam prior to
core meltdown. Since the hydrogen is prcduced during the
meltdown, this containment failure mcde for these accident
sequences is precluded.

The overall frequency of a core melt accident was assessed to
be similar for both plants (8 x 105 for Oconee vs. 5 x 105

for Surry).

lpuke Power has recently introduced changes which significantly
reduce the freguency of this sequence (i.e., less than or egual to
in Section 6.1.
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6.3.2 Limitations
The following limitations were identified in the RSSMAP program:
* The Oconee FSAR, technical specifications and discussions with
plant personnel during a single plant visit were the prirmary
sources of information utilized in this study. A more ricorous
analysis would require additional information. This upcraded
information base should also include as kuilt piping and
instrument diagrams, plant procedures, and direct personnel

contacts at the plant and reactor vendor for purposes of

answering questions.
-+ The transient event tree initiating events chosen in this study

were the same three chosen in the RSS. A more rigorous analysis

should consider nore transient initiators.
* The majority of the data base utilized in this study was com-
piled as part of the RSS. This data base was found to be
deficient in several areas. An example of this can be noted
in the data used in performing the interfacing systems LOCA
frequency calculation. The dominant failure mode is both check
valves failing *o reseat. This is a demand failure which occurs
immediately after a low pressure injection system flow test.
The Gata utilized to calculate this reseat failure probability,
however, is expressed in failures/hr. rather than failures/
demand. (For details, see Appendix A3). Another example is
the failure probability of a safety/relief valve to reclose

after being demanded open. All available data sources quote

failure to reclose probabilities after passing steam. On

several of the Oconee transient sequences, however, these valves




would be passing solid water (e.c., TMLs, Tke). Since these
valves are not designed to pass solid water, the reclosure fail-

ure probability would be expected to be much higher. 1f, for

instaunce, the reclosure failure prchability is an order of

magnitude greater after passing sclid water, the frequency

R T ——

assessed for several of the Oconee transient induced LOCAs
would bLe underestimated Ly an order of magnitude. A more

thorough analysis shculd account for these, as well as several :

P ——

} other data deficiencies.
This study attempted to identify human errors which could
degrade or lead to failure of the safety systems responding

to a LOCA or transient. These humwan errors were of two basic L

e EE—

types. Those errors occurring during routine operation, such
as inadvertantly leaving valves in the wrong position, and

errors which occur during the course of an accident such as

the incorrect termination of the high pressure injection
system by the coperator (e.g., an operator error in the TMI
E accident). In order to assess operator errors during the

course of an accident, the analyst must be aware of the plant

P

. parameter indications which the operator is relving upon to

make decisions in the control room (e.q., at TMI the operator
terminated the high pressure injection system because of a
high pressurizer level indication). To gain these types of

insighte, it is recommended that future, more complete

s e R

analyses, perform computer simulations of the detailed plant

system dynamics associated with each accident sequence.
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Table 6-1

SYMBOLS USED IN FIGURE 6-1

Initiating Events

T, -

T2

Loss of Cffsite Fower Transient

Loss of Power Conversion System Transient Caused By Other Than
a Loss of Offsite Fower

Transients with the Power Conversion System Initially Availablle
Intermediate LOCA (10"<D<13.5")

Small LOCA (4"<D<10")

Small-Small LOCA (D<4")

Interfacing Systens LOCA

System Failures

(B3)-Emergency Fower System

D - Emergency Coclant Injection System

F

H

K

L

M

Containment =jpray, Recirculation System
Emergency Cecolant Recirculaticn Eystem
Reactor Frotection Systen

Emergency Feedwater System, Recovery of Fower Conversion System
and High Head Auxiliary Feedwater System

Power Conversion System (Ncrmal Cperation)
Reclosure of Pressurizer Safety/Relief Valves

High Pressure Injection System
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Figure 6-1.

Oconee Dominant Accident Sequences

This is an unsmoothed total which includes the contribution from all the
nondominant seguences not shown.
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The probabilities for each release category are the
summations of values of the dominant accident segquences
plus a 10% contribution from the adjacent release cate-
gory probability. Categories 1, 4, and 5 are totally
dominated by seguences in other categories due to

this smoothing.

Figure 6-2. Surry Dominant Accident Sequences
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LOCA EVENT TREE - OCONEE PLANT
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The combinaticns of plant systems which are required to

will now be discussed. Refer to Table Al-1 for a summary of this

’ successfully perform these functions for a variety of LOCA sizes
l discussion.
|

2.1.1 Reactor Subcriticality Success Criteria

To halt the fission process and thus achieve reactor subcriti-
cality following small LOCRs, the Reactor Protection System (RPS)
is required to insert its control rods into the core. For LOCA
sizes greater than about 6" in diameter, however, the reactor is

automatically rendered subcritical due to core voiding caused by

the LOCA and subsequent core reflood by borated water from the core
flood tanks or emergency core cooling system. These larger LOCAs,
therefore, do not require the RPS.

Based on discussions with designers of the Oconee reactor

LOCAs by the insertion of at least half of the control rod groups

into the core.

2.1.2 Containment Overpressure Protection From Steam Evolution

;
i
L
i RPS, successful reactor subcriticality can be achieved for small
i
|
E
]
I

t Success Criteria

This is stated in 6.2.3 of tlie FSAR, Design Evaluation of the
Reactor Building Spray System (p. 6-18) as follows: "... redundant
alternative methcds to maintain containment pressure at a level
below desian pressure. Any of the following combinations of equip-
ment will provide sufficient heat removal capabil ty to accomplish

this:
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a. The reactor building spray system alone.
b. Three cooling units alone.
¢. Two cooling units and the reactor building spray system
at cne-half capacity (one spray pump train)."
The air cooling units reguire operation of the Low Pressure
Service Water System (LPSWS). The FSAR states (p. 9-32) “The
LPSWS requirement folleowing a loss of coolant accident can alsc be

supplied by one pump.”

This criteria for success has beer found in subsequent research

by Battelle Columbus Laboratories to be overly conservative. Their
research has shown that one spray train or one fan cooling unit
will provide adequate pressure control during the injection phase.
Battelle has also shown that one containment spray train operating
in conjunction with one low pressure recirculation train and one
low pressure service water train can provide adequate pressure
contrcl during the recirculation phase (the spray flow is cooled

by mixing with the LPRS flow in the sump). One fan cocling unit
will also provide adequate containment pressure control during the
recirculation phase. This more realistic criteria will therefore

be used. Refer to Section €.0 in Appendix C.

2.1.3 Post Accident Radiocactivity Remcval Success Criteria

In addition to its depressurization function, the containment
spray system scrubs the containment atmosphere of radicactive
materials. The operation cf one spray subsystem is adequate to
perform this function during both the injection and recirculation

phases.
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2.1.4 Emergency Core Cooling Success Criteria
The FSAR states on page 14-57:
“The high-pressure injection system, with only one pump
operating, can protect the core for leaks up to 4 in. in
diameter. A combination of one high-pressure and one low-
pressure injection pump will protect the core for leaks up
to 10 in. in diameter, (0.5 ft?) whereas, one high-pressure
and two low-pressure pumps provide protection for leak areas
up to 1 ft2, For larger break areas, the operation of one
high-pressure injection pump, one low-pressure injection
pump, and the core flood tanks provides the coclant necessary

to keep the core protected.”

These FSAR criteria constitute the success criteria for
emergency core cooling during the injection phase for the entire
spectrum of reactor coolant system break sizes.

For the smallest break range,during the early recirculation
phase, the operation of one high pressure train, which draws from
*he discharge of one low pressure train, provides adequate core
cooling. For the larger breaks, the system depressurizes to a
low enough level so that the operation of one low pressure train

is all that is required.

2.2 Event Tree Definitions and Tree Development

The Oconee LOCA event tree is displayed in Figure Al-1l. The
systems which perform the seven functions make up the event tree
headings. Dependencies among these systems dictate the event tree

structure. A single LOCA event tree is an adequate representation



for the entire spectrum of break sizes, since the tree structure
and tree headings are identical for all breaks. However, some of
the tree headings definitions do differ. A discussion of the

heading definitions and tree structure follows.

2.2.1 Events A, S;, Sy, S3 - Breaks in the Reactor Coolant

System (RCS)

The LOCA initiating events are due to random ruptures of
RCS, which fall in the following break size ranges:

LOCA Equivalent Diameter (D)

A D>13.5"
S) 10"<p<¢13.5"
Sz 4"<p<10"
S3 D<4"
In addition to random ruptures, LOCAs can be transient
induced. This latter type is caused by the failure of an RCS
reiief valve to reclose after being demanded in response toc a

transient. This LOCA would fall in the S3 LOCA break size range.

2.2.2 Event K - Reactor Protection System (RPS)

The definition is the same as the reactor subcriticality

function given in Section 2.1.1.

The RPS is given a success/failure choice following S2 and Sj3

LOCAs. There is no choice following S5 and A LOCAs. This is
because the operation of the RPS doesn't matter since the reactor

is already subcritical due to the initiating event.







2.2.5 Event D - Emergency Cocolant Injection System (ECIS)

The ECIS is a group of three subsystems that operate in
different combinations to prevent core damage for various break
sizes. These subsystems are the core flood system (CFS), the hiah
pressure injection system (HPIS), and the low pressure injection
system (LPIS). The CFS consists of two core flooding tanks which
automatically deliver borated water to the reactor vessel when
system pressure is below 600 psig. The LPIS and HPIS consists
of three pumps each, which deliver water to the vessel from the

BWST. Successful operation of the ECIS as a function of break

size requires the following combinations of subsystems:

LOCA Functional Success
A 2 of 2 CFS
and
1 of 3 HPIS
and
of 2 LPIS

of 3 HPIS
and

of 2 LPIS

€2 of 3 HPIS
and

cof 2 LPIS

S3 of 3 HPIS

This combination of equipment is required if the RPS (event K)

succeeds. If RPS does not succeed, the following defines success:

LOCA Functional Success
A Same as before

81 Same as before
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LOCA Functional Success (Cont.)

S) 2 of 3 HPIS
and
1l of 2 LPIS
and
>720 gpm from emergency
feedwater system

S3 2 of 3 HPIS
and
>720 gpm from emergency
feedwater system

The success or failure of the ECIS does not depend on any

events preceeding it, so a success/failure choice is always given.

2.2.6 Event F - Containment Spray Recirculation System (CSRS)

This is the recirculation mode of the containment spray system
and uses most of the same equipment as the CSIS. TIts two pump
trains recirculate sump water to the containment spray headers
to provide for long-term containment overpressure protection and
radioactivity removal. Successful CSRS operation requires flow
from one of two pump trains.

Since the CSIS and CSRS share most of the same equipment,
failure of the CSIS precludes success of the CSRS. Therefore, no
success/failure choice is given for event F, given the failure of

event C.

2.2.7 Event Z - RBCS During Recirculation Phase

The system and its requirements for success are identical to
event Y previously discussed. No change of system operating state
is required, as is the case with the containment spray and emergency
core cooling systems, which must be realianed from the BWST to the

sump at the start of the recirculation phase. All that is required



is the continued operation of the RBCS. This event is included
in order to discern RBCS failure, which occurs during the recircu-
lation phase. Since the timing of this system's failure can affect
the consequences of an accident sequence, event Z was included.

Since the RBCS is represented by both events Y and Z, failure
of event Y precludes success of event Z. Therefore, no success/failure

choice is given for event Z given the failure of event Y.

2.2.8 Fvent H - Emergency Coolant Rerirculation System (ECRS)

The high pressure recirculation system (HPRS) and low pressure
recirculation system (LPRS) provide for recirculation of coolant
in the RCS following a rupture. For small breaks, recirculation is
accomplished by the LPRS drawing from the sump and delivering to
the suction of the HPRS pumps, which in turn deliver to the core.
(It should be noted that the HPRS requires successful LPRS operation.)
For larger breaks, the RCS pressure is low enough so that the HPRS
is not required and thus, the LPRS delivers to the core. The HPRS
and LPRS represent the recirculation modes of the HPIS and LPIS
realigned to take coolant from the sump rather than from the BWST.
Success of the ECRS requires the following cowbinations of subsystems

as a function of LOCA size:

LOCA Functional Success
A 1 of 3 LPRS
81 1 of 2 LPRS
S2 1 of 2 LPRS
S3 1 of 2 LPRS
and

1 of 3 HPRS
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1.0 INTRODUCTION

The Oconee transient event tree is shown in
Figure A2-l. For comparison, the Surry transient event
tree 1s shown in Figure A2-2. A discussion of the func-
tions the Oconee plant system perform following a trans-
ient and the criteria which defines function success is
discussed in Section Z.l. The Oconee transient system
event tree 1s explained in detail in Section 2.2. 1In
Section 3, a comparison of the Oconee and Surry transient

event trees is made.

2.0 OCONEE TRANSIENT EVENT TREES

2.1 Event Tree Functions and Functional Success Criteria

In response to a transient, the Oconee reactor systems
perform the following functions during the early phase of
reactor shutdown:

1} render reactor subcritical

Z2) prevent reactor coolant system (RCS) overpressure

3) provide RCS integrity

4) provide core cooling

Reactor subcriticality must be achieved immediately
following the transient. RCS overpressure protection is
required if a delay 1s experienced in achieving core cooling.
RCS integrity 1s reqguired to prevent a small small (53) LOCA
after the successful performance of the RCS overpressure
protection function. According to Babcock and Wilcox, core cooling

must be provided within 30-40 minutes to prevent core damage.
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The functions stated above are required to bring the
plant to a hot shutdown condition. Since Oconee can be
maintained in a hot shutdown condition without threatening
a core melt for an extended period of time, the above
functions are an adequate representation of the important
Oconee PWR transient Eunctwns.1

I1f successful mitigation of the transient cannot be
achieved and a core melt ensues, the following plant
functions can aid in lessening the consequences of the
accident:

5) radioactivity removal from the containment
atmosphere

6) containment overpressure protecticn from
steam evolution

The combinations of plant systems which are required
to successfully perform these functions for a variety of
transients will now be discussed. Refer to Table A2-1

for a summary of this discussion.

2.1.1 Reactor Subcriticality Success Criteria

To halt the fission process and thus achieve reactor

subcriticality following transients (non-LOCA induced),

the Reactor Protection System (RPS) is required to insert

its control rods into the core.

It should be noted that during the feed and bleed method
of core cooling containment overpressure protection from
steam evolution is required.




Based on discussions with designers of the Oconee
reactor and RPS, successful . =zactor subcriticality can be
achieved for transients by the insertion of > 6 control

rod groups into the core.

2.1.2 Core Cocling Success Criteria

After achieving reactor subcriticality, post shutdown
decay heat must be removed from the reactor coolant system.
This is normally accomplished by delivering approximately
6 percent of full feedwater flow to the steam generators
and boiling off of this water to the condenser or to the
atmosphere via the secondary safety/relief valves. If,
however, the shutdown involves a loss of the power conversion
system, several backup decay heat removal systems may be
utilized.

The first backup system is the emergency feedwater
system. This system consists of two 100 percent capacity
electric driven pumps and one 200 percent capacity steam
driven pump. Successful emergency feedwater system
operation requires flow from the turbine driven pump to
at least one steam generator or from one motor driven
pump to its associated steam generator.

Another backup system is the high head auxiliary
service water system. Success of this system requires
flow from the single pump to one of two steam generators.

Based on discussions with plant personnel, this system
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would only be utilized if all onsite and offsite AC power
were unavailable.

1f all methods of achieving decay heat removal via
the steam generators are unavailable, decay heat may also
be removed directly from reactor coolant system. This
may be accomplished by establishing a "feed and bleed"
operation. Success of this method requires the flow from
one of three high pressure injection pumps and boiloff
of the reactor coolant system water through the pre. .r-
izer relief valves.

The four methods of core cooling discussed thus far
have assumed that reactor subcriticality was achieved.
1f reactor subcriticality is not achieved, and a failure
of the power conversion system also occurs, a RCS pressure
of approximately 4000 psi may occur (see NUREG 0460) .
1f the RCS does not rupture, analysis by Battelle Columbus
Laboratories has shown that the core can be successfully
cooled with the operation of one of three high pressure
injection pumps and the emergency feedwater system.

2.1.3 Reactor Coolant System (RCS) Overpressure
Protection Success Criteria

For those reactor shutdowns in which reactor sub-
eriticality is achieved immediately and core covling via
the steam generators is achieved within approximately 15-20

minutes, RCS overpressure protection is rot required.



For these transients, the surgye capacity of the pressurizer
would suffice to accept the transient event with only a
small surge in the pressure occurring. For more severs
transients, such as those involving failure of the RPS to
terminate core power, the operability of the pressurizer
safety/relief valves would be required to prevent a
potential rupture of the RCS.

Two RCS pressurizer safety valves and one solenoid
operated relief valve are provided for the Oconee reactor.
Fcr those anticipated transients where the RPS operates,
operation of only one of the two pressurizer safety valves
would limit the RCS overpressure transient to less than
110 percent of RCS design pressure.

For those anticipated transients without scram (ATWS),
all three valves are needed to limit RCS pressure to less
than 150 percent of the design pressure (Reference 4).

It is not clear whether this requirement can be met
(e.g. NUREG 0460 guotes peak RCS pressures in the neighbor-
hood of 4000 psi).

2.1.4 RCS Integrity Success Criteria

The RCS pressurizer safety/relief valves that open as
a result of a transient event must all reclose to prevent
a discharge of an excessive quantity of coolant from the
RCS., Otherwise, a valve sticking open following the

transient event of interest would result in a loss of cool-

ant event covered in small small (53) LOCA sequences.




2.1.5 Containment Overpressure Protection from
Steam Evolution Success Criteria

It is stated in 6.,2.3 of the FSAR, Design Evaluation
of the Reactor Building Spray System (p. 6-18), that:
redundant alternative methods exist to maintain containment
pressure at a level below design pressure. Any of the
following combinations of equipment will provide sufficient

heat removal capability to accomplish this:

a. The reactor bui. ..ng spray system alone.
b. Three cooling units alone.
c. Two cooling units and the reactor building spray

system at one-half capacity (one spray pump train).

The air cooling units require operation of the Low
Pressure Service Water System (LPSwS). The FSAR states
(p. 9-32) that the LPSWS requirement following a loss of
coolant accident can also be supplied by one pump.

This criterion for success has been found in subseguent
research by Battelle Columbus Laboratories to be conservative,
Their research has shown that one spray subsystem or one
fan cooling unit will provide adequate pressure control
if required following a transient initiating event.

This more realistic criteria will therefore be used.
It should be noted that containment overpressure protection
following a transient is required during the "feed and

bleed" core cooling method or during a core meltdown.



2.1.6 Post Accident Radioactivity Removal Success Criteria

In addition to 1ts depressurization function, the
containment spray system scrubs the containment atmosphere
of radiocactive materials. The operation of one spray sub-
system 1s adequate to perform this function during the "feed

and bleed”™ core cooling method or during a core meltdown.

2.2 Event Tree Definitions and Tres Development

The Oconee transient event tree is displayed in
Figure AZ2-l. The systems which perform the six functions
make up the event tree headings. Dependencies amony
these systems dictate the event tree structure, A single
transient event tree was deemed to be an adequate represen-
tation for all transient initiating events considered. A
discussion of the heading definitions and tree ctructure

follows.

2.2.1 Events T . Ty = Transients Requiring a Rapid
Reactor é utéown

The same three transients chosen in the RSS were
also chosen to represent a spectrum of transient initiators
at Oconee. These were designated:

T, = Reactor shutdown initiated by a loss of
offsite power

T, = Reactor shutdown initiated by a loss of the
power conversion system caused by other than
a loss of otfsite power

T, = Reactor shutdown iaitliated by other causes in
which the power conversion system is initially
available
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2.2.2 Event K - Reactor Protection System (RPS)

The definition is the same as the reactor subcriticality function

given in Section 2.1l.1.

The RPS is given a success/failure choice following all three

transients.

2.2.3 Event M - Uninterrupted Operation of the Power Conversion

System (PCS)

One of the main functions of the PCS at Oconee 1is to
provide feedwater to the steam generators during normal
operation., Following a reactor trip the system is also
capable of delivering feedwater at a lesser rate to provide
the function of decay heat removal. This is accomplished
by throttling the power conversion system feedwater flow
to approximately 6 percent and allowing this water to
boiloff to the condenser or atmosphere.

One method of successful PCS decay heat removal at
Oconee can be accomplished by delivering steam generator
feedwater with one of two high pressure steam driven feed-
water pumps. If these pumps are lost, an alternate me thod
requires the steam generator pressure to be reduced by the
operator and feedwater Jdelivery provided by a combination
of one of three low pressure electrically driven hotwell
pumps and one of three low pressure electrically driven
condensate booster pumps. In both modes of operation
the heat sink is either the condenser or the secondary

steam system safety valves,
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two 100 percent capacity motor driven pumps and/or one 200
percent capacity turbine driven pump, and a combined suction
source. The HHASWS consists of a single 2250 gpm motor driven
pump which has the capacity of providing adegquate shutdown
cooling to the steam generators of all three Oconee units simul-
taneously. Following a loss of the PCS, the EFS is initiated
automatically. If the EFS is also unavailable, the operacor
may initiate the HHASWS remote manually. Based on discussions
with plant personnel, the HHASWS would only be utilized if all
onsite and offsite AC power was unavailable (i.e., T1(83)
transients discussed in Appendix Bl, Section 5.1). Credit 1is
therefore not given to this system for Tl' Tz, or T3 transients
in which either offsite or onsite AC power is available.

Successful EFS operation reguires the attainment of flow
from the turbine driven pump to at least one steam generator
or from one motor driven pump to its associated steam gen-
erator. Successful HHASWS operation reguires the delivery
of 500 gpm from the single motor driven pump to one of two
steam generators.

If tre EFWS and HHASWS are unavailable, the operator will
attempt to restore the PCS. (Refer to discussion of PCS recovery
in event M.)

Uninterrupted operation of the PCS makes operation of
the EFS or HHASWS or recovery of the PCS unneczssary. Thus,
success/failure choices for the EFS and HHASWS are given only

on sequences involving PCS failure.

2.2.5 Event P, - Safety/Relief Valves Demanded (SR/Demand)

1

Prior to the accident at Three Mile Island the pressur-




1zer pilot operated relief valve (PORV) was demanded to open
on most reactor trips. Following the accident, the pressur-
1zer relief valve actuation setpoints and reactor trip set-
points were changed such that the pressurizer relief valves
{one PORV and two code safeties) are now not meant to be
demanded following a reactor trip if successful core cooling
via the steam generators 1s established within approximately
15 minutes. If core cooling via the steam generators is
delayed past this time the RCS pressure will rise to the
demand setpoint of the pressurizer relief valves (the PORV
being demanded first and closely followed by the demand

of the two code safeties). Besides a core cooling delay,
the relief valves could also be demanded due to a low
miscalibration of the valve setpoints.

Success of "safety/velief valve demand" (event Fl) is
defined as the probabilistic demand of the pressurizer
safety/relief valves given a transient in which successful
core cooling via the steam generators has been established.
This demand probability (-.0l/reactor trip) was rouahly
estimated based on PWR operating experience reported in
NUREG-0611 and NUREG-0635 for Westinghouse and Combustion
Engineering reactors respectively. This was done because
no data exists for Ba&W reactors following the post TMI
changes to the reactor trip and relief valve actuation

setpoints.
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A success/failure choice only appears on sequences
in which the RPS and EFS/PCS Recovery both succeed. 1If either
the RPS or EFS/PCS Recovery fail, no choice is given since
the relief valves will definitely be demanded. If the RPS
succeeds and the PCS is uninterrupted (KM), no choice is given

hecause it is assumed the relief valves will not be demanded.

2.2.6 Event P, - Safety/Relief Valves Open (SR/VO)

2
The definition is the same as the RCS overpressure

protection function given in Section 2.1.3.
Success/failure choices appear in all sequences in
which the pressurizer safety/relief valves are demanded

open (refer to discussion of event Pl in Section 2.2.5).

2.2.7 Event Q - Safety/Relief Valves Reclose (SR/VR)

The definition is the same as the RCS integrity
function given in Section 2.1.4.

Success/failure choices appear in all sequences in
which the pressurizer safety/relief valves successfully
opened. An exception to this is the accident sequence in
which the reactor protection system and all steam generator
core cooling fails (KML). For this sequence it is assumed
that the safety/relief valves will remain open through
core meltdown due to the high RCS pressure. It should be
noted that if the pressurizer PORV fails to reclose, it can
be isolated by a block valve in series with this valve. The

pressurizer safety valves do not have block valves.

2.2.8 Event U - High Pressure Injection System (HPIS)

I1f all methods of achieving decay heat removal via
the steam generators are unavailable (events M and L) core

cooling can be accomplished with the high pressure injection
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system. This requires the operator to establish a "feed
and bleed" operation. Success of this mode of core cooling
requires the flow from one of three high pressure injection
pumps and boil off the RCS water Lhrough the pressurizer
relief valves.

The "feed and bleed" operation is represented by the
HPIS success/faillure choice on the accident sequence in
which the RPS succeeded, PCS failed and EFS failed (events
K, M, and L, respectively). If the RPS and PCS fail, the
emergency feedwater system and the high pressure injection
system must both succeed in order to cool the core (refer
to Section 2.1.2). This is the reason for the HPIS success/

failure choice following events K, M, L.

2.2.9 Event O - Reactor Building Cooling System (RBCS)

This system draws the containment atmosphere past
cooling coils which are cooled by the low pressure service
water system to remove heat from containment., It is thus
a means of reducing containment pressure caused by steam
released into the containment during the "feed and bleed"
core cooling method (refer to Section 2.2,8, event U) or
during a core meltdown.

The RBCS consists of three air fans and associated
coolers. During normal operation the system is in a partial
use mode for normal building cooling. The system 1s auto-

matically turned on full in case of an accident. Successful
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represented the plant response to a variety of transients for
the Surry reactor (see Figure A2-Z). As discussed previously,
a single transient event tree was also chosen to model
a spectrum of Oconee transients.

The Surry transient event tree included events U, the
chemical volume and control system, and event W, the
residual heat removal system. These systems were rejuired
to bring the plant from a hot shutdown to a cold shutdown
condition. Since Surry can remain in a hot shutdown
condition for an extended period of time without threatening
a core melt, these systems were not analyzed in detail
and were included on the event tree for completeness.
Oconee can also remain at hot shutdown for an extended
period. The egquivalent Oconee systems were not modeled
on the Oconee transient event tree for purposes of
simplification.

The Oconee transient event tree explicitly includes
systems related to containment response (event O and 0').
The Surry transient tree did include these systems. Success/
failure of these systems were implied, however, in the Surry
accident sequence results (refer to Table V3-7 of the RSS;
events C and F are t' : _ontainment spray injection system
and containment spray recirculation system respectively).

The Oconee event U represents the "feed and bleed" core
cooling mode of the high pressure injection system. The

Surry event U represents, as discussed earlier, the operation
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of the chemical and volume control system to bring the plant
from hot to cold shutdown. The RSS assumed that a "feed
and bleed"™ core cooling method could not be achieved at Surry.

The Oconee P, event, which represents a probabilistic
demand of the pressurizer safety/relief valves, does not
appear on the Surry tree. The Surry event tree assumed that
the relief valves either were or were not demanded with 100
percent certainty.

And finally, the Surry event trees treated LOCAs
initiated by transients (e.g., stuck open RCS relief valves)
right on the transients event tree and assumed they were core
melts. The Oconee transient event tree treats these sejuences
as special events. Once that it is determined that the trans-
ient has become a LOCA, the sequence is no longer continued
on the transient tree, but is analyzed as an S; LOCA on the

LOCA tree.
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1.C INTRODUCTION

The systems interfacing with the Reactor Coolant System
(RCS) in the Oconee Unit 23 plant which, if certain isolation
failures occur, provide a flow path leading to an extra-con-
tainment LOCA, were reviewed and compared with the interfacing
gsystems in the similar PWR design (Surry) evaluated in the
Rkeactor Safety Study (RSS). The important interfacing systems
for both Oconee and Surry are described and compared in Sections
2 through 4. A point estimate probability of an Oconee inter-

facing systems LOCA is given in Section 5.

2.0 OCONEE INTERFACING SYSTEMS

2.1 Description

Three major systems, external to the containment, inter-
facing either directly or indirectly with the Oconee RCS
are:

High Pressure Injection and Coolant Makeup System

Low Pressure Injection and Recirculation System

Coolant Storage and Treatment System
To be important to the overall risk, the interfacing system
must be susceptible to an extra-containment LOCA caused
by containment isolation failure. Of the above interfacing
systems, only the LPIS meets this requirement because of
its low pressure/low temperature component design waich
interfaces directly with the high pressure/high temperature
RCS. The High Pressure Injection and Coolant Makeup System

is designed tc meet the RCS design environment and the
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Cnolant Storage and Treatment System intertaces indirectly

with the RCS through low pressure/low temperature let-down

ani quench tank components located within the containment.

The Oconee LPIS, shown schematically in Figure Ad-1l
consists of two independent and redundant flow lcops containing
heat exchangers, served by three pumps with associated piping,
valving and control instrumentation. The system draws suction

from eitker the borated water storage tank, the containment

sump or one of the RCS hot legs. The system delivers flow
through the heat exchangers tc the pressurizer spray line and
to the two core flooding lines between the core flooding tanks
and the core nozzles.

The LPIS suction line is isolated from the high pressure
RCS hot leg by a series of three electric motor operated valves,
one of whicl is interlocked with the RCS pressure instrumentation
to prevent inadvertent coverpressurization through this line.
The two LPIS core injection lines are isolated from the high
pressure primary system by an electric motor operated isolation
valve and two check valves, one of which is common to the core
flooding system. The auxiliary spray cooling line is isolated
from the pressurizer by a check valve, a manual valve, and one

of the two electric motor operated injection isolation valves.

2.2 System Operation

Figure A3-1 shows the LPIS under normal reactor power
conditions. Automatic activation is initated by either a

RCS pressure of 500 psig or a reactor building pressure of
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4 psig. These signals open the borated water storage tank
valves and initiate flow of service cooling water through

the LPIS heat exchangers, When the borated water storage

tank iz approximately 94% empty the system is manually recon-
figured from the control room to permit circulation of spilled
water from the reactor building sump to the core.

During normal reactor shutdown for refueling operations
the LPIS may also be manually reconfiqured to circulate reactor
coolant from one hot leg thru the heat exchangers to the core
and pressurizer for long term low pressure/low temperature
decay heat removal and pressurizer auxiliary spray cooling.
System failures during this low pressure long term shutdown
operation, even if coolant spills outside oi the containment,
will present minimum hazards because the leakage can be quickly
stopped by closing the isolation valves., The most likely failure
of pump seals will result in small spillage in shielded com-
partments which drain to the waste disposal system,

The failure mode of concern, with primary risk impact,
is the failure of the high pressure isolation valves during
reactor power operation which could lead to rupture of the
low pressure injection system outside of the containment,

These failures may occur in either one of the two redundant
low pressure injection lines, the single hot leg suction line
or the auxiliary spray cooling line which interconnects with
one of the injection lines, A guantitative evaluation of

these potential failure paths is provided in Section 5.
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At operating conditions, a quarterly test of the LPIS
injection isolation MOVs (LP-17, LP-18) is performed by
cycling them open and closed. This could provide a leak
status check on the outboard injection check valves (LP-47,
LP-48). This derives from the fact that during reactor
power operation a core flooding pressure of 600 psig exists
between the two check valves in the injection lines (Figure
A3-1)., Should either check valve LP-47 or LP-48 be failed
when the isolation MOV is opened, the 600 psig would not
be great enough to fail the LPIS with its protective relief
valves and would setve as notice to operators to repa:ir
this check valve. It has been subsequently learned from
plant personnel that prior to opening the isolation MOVs
(LP=17, LP-18) the MOVs upstream from them are closed (LP-12,
LP~14). Since these valves are between the isolation MOVs
and the relief valves, the potential for checking the status
of the outboard check valve is lost.

A final assumption for the analysis was that i1f the out-
board check valve fails, the 600 psig accumulator pressure

would not fail the 500 psig lines or valves.

3.0 SURRY INTERFACING SYSTEMS

As in the Oconee design, only one of several interfacing

systems includes a direct low pressure/high pressure RCS

interconnection which would result in an isolation failure
induced extra-containment LOCA. This is the Residual Heat
Removal System (RHRS) aligned for low pressure emergency

coolant injection during reactor power operation. A schematic







Isolation valve failures in the 1-1/2 inch pressurizer
spray header (LPIS interfacing) couald also go undetected.
This will not result in loss of the LPIS, however, because
the flow through the 1-1/2" interfacing line i1s within the
capacity of the LPIS relief valves., Isolation of the primary
system can still be restored by closing a motor operated
valve.

The probability of occurrence for this accident is con-
siderably higher for Oconee . . primarily to the inclusion
of the leak-leak failure mode in the probability assessment.
This failure mode is detectable at Surry but is not at Oconee and

dominates the Oconee interfacing systems LOCA probability.

5.0 OCONEE INTERFACING SYSTEMS EVALUATION

5.1 Event Tree Interrelationships

The event LPIS valve failure (event V) does not occur
on the LOCA or Transient Event Trees. The event tree, shown
in Figure A3-3 was developed in the RSS explicitly for this
event and applies also to Oconee. All four sequences result
in core melt; valve rupture is aszumed to result in core
melt regardless of which other systems operate. The effect
of the other three systems, electric power, reactor protection,
and emergency cooling injection is merely to delay the
melt.
Electric power (event B) is necessary for the operation

of the high pressure injection portion of the emergency coolant

inject.: ‘event D). Operation of the ECI will delay core melt




until the borated water storage tank has been exhausted.
Reactor Portection System operation (event K) will only slightly

delay *he melt.

5.2 Determination of Oconee Interfacing Systems LOCA Failure

“robability

Three failur: modes have been identified for Oconee which
result in the sequence V (valve failure), extra-containment
LOCA:

A. Failure of two check valves and the isolation valve
in either one of the two independent low pressure
injection lines.

B. Failure of the one check valve, the manual valve and
the isolation valve in the low pressure auxiliary spray
cooling line.

C. Failure of the three isolation valves in the RCS hot
leg low pressure suction line.

Failure modes A and C above will result in a large extra-
cenirinment LOCA because of the large pipe sizes. Failure modes
A and C are also important because they preclude successful LPIS
operation. Failure mode B will be constrained to a small
extra-containment LOCA (Sl) by the 1-1/2 " diameter auxiliary
spray cooling line.

The dominant failure combinations for the low pressure
injection lines of the Oconee LPIS are described here. There
are three valves which isolate the LPIS from the high RCS
pressure. These include two check valves and a motor operated

valve (normally closed). The three valves are arranged in
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series as shown in Figure A3-1. The dominant failure mode
for these three valves would be undetected failure of both
check valves either by leakage or rupture, combined with
opening of the motor operated valve for quarterly testing.
There are four possible failure mode combinations

which dominate event V. For one train they are:

1) CF-14 CV Leaks; LP-48 CV Leaks; LP-17 MOV
opened for Quarterly Test

2) CF-14 CV Leaks; LP-48 CV Ruptures; LP-17 MOV
opened for Quarterly Test

3) C#F=14 CV Ruptures; LP-48 CV Leaks; LP-17 MOV
opened for Quarterly Test

4) CF-14 CV Ruptures; LP-48 CV Ruptures; LP-17 MOV
opened for Quarterly Test

The analysis was based on the following assumptions:

1) The two check valves in each train (i.e., CF-14, LP-48)
fail independently in time rather than sequentially in
time as was done in the RSS. The reasoning behind this
is that earh check valve is pressurized by separate
sources (i.e., CF-14 by the RCS, LP-48 by the core

flocding tank) .

2) Leak failures of concern are those caused by the failure

of the check valves to reseat after a semi-annual flow
test of the LPIS. Tnese leaks are assumed to be large
enough to fail the low pressure piping of the LPIS due
to a subsequent water hammer if both check valves are

subject to this failure and the MOV is opened. Other
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3)

4)

5)

smaller leaks, are not deemed to fail the LPIS since the
associated flow rates and water hammer would not be severe
ein..ugh to rupture the LPIS piping. The time of check valve
reseat leak failure 1s therefore the LPIS flow test.

The following are the failure rates used in the analysis:

P (Leak) = XL = 3 x 10°7/hr.

P (Rupture) = Ap = 1 x 10"%/hr.,

The assumption is that these failure rates apply equally
to the inboard and outboard check valves even thouyh they
are subject to a different pressure diffevential.

The check valve leak demana failure probability can be

approximated byl:
Pd, = P( Leak) x (7BS)

where YBS is the time (4320 hours) between LPIS flow
tests (or between shutdowns since this is when the LPIS
is flow tested). The reason for this approach is that
data does not exist for the reseat failure probability
of a check valve.

The probability of ceguence V per year can be estimated
by calcul: ing the probability per year of seguence V
basea on a 5 year average , thnis approach was also taken

in the RSS). The reason %“or using this approach is that

lsee "PwR sensitivity to Alterations in the Interfacing System
L‘)C’\,. EPRI ;ip'2°2' Sept&mbﬂr 197‘); 2G. 6.
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there appears to be no procedure for testing the integrity
of the check valves.
The failure probability estimate for each of the four
possible failure modes will be discussed separately. These
estimates will then be combined to yield the final assessed
probability of the Oconee interfacing system LOCA.

1) CF-14 CV Leaks; LP-48 CV Leaks; LP-17 MOV Opened for
Quarterly Test

An estimate of the 5 year failure probability for this

failure mode can be given as:

P(Leak-Leak) = [10(Pd, )1* [10(Pdy )
cF-14 LP-48

= 1.7 x 1074

The factors of 10 originate from the fact that there are
10 LPIS flow tests in a 5 year period and therefore 10
opportunities for each check valve to fail to reseat.

It should be noted that in the RSS V assessment for
the Surry plant that leak-leak failures were not considered.
This is because early detection of this failure mode was
possible during RCS heat up due to the fact that the MOV was
in the normally open position and this failure would have been

sensed by instruments in the control room.

2) CFP-14 CV Leaks; LP-48 CV Ruptures; LP-17 MOV Opened for
Quarterly Test

An estimate of the 5 year failure probability for this failure

mode can be given as
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P(Leak = Rupture) *[lU(PdL )]"[AR Ts)
CF=-14 LP~-48

= 5.8 x 107°
where
Ts = Time of 5 years or 43800 hours

3) CF=14 CV Ruptures; LP-48 CV Leaks; LP-17 MOV Opened
for Quarterly Test

An estimate of the 5 year failure probability is

the same as for the leak-rupture. Therefore:

P(Rupture-Leak) = 5.8 x 1078,

4) CF-14 CV Ruptures; LP-48 CV Ruptures; LP-17 MOV
Opened for Quarterly Test

An estimate of the 5 year failure probability is:

P(Rupture - Rupture)=|A 7]0?» T
[ Rep-14 2 L " Lp-47 °

= 1.9 x 10~

The final assessment of the probability of event V
is found by summing the above failure mode probability esti-
mates, multiplying the sum by 2 because there are two MOV-check
valve trains, and dividing the sum by 5 to yield a per

year estimate., This can be stated in equation form as:

%]

pP(v) = —'[P(L - L) + P(L - R) + P{(R~-L) + P(R - Rﬂ

(%1}

= 7.3 x 10°3/reactor year .
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through an underground circuit, and (3) the other Keowee hydrec unit
through the overhead 230 kV circuit. Whenever the Keowee underground
circuit is unavailable, a circuit from the 100 kV transmission net-
work can be connected to standby buses and serve as an emergency
power source. A simplified schematic of the Keowee and Lee Steam
Station transmission circuits is shown on Figure Bl-l.

The 230kV/500kV system serves as the second cff-site circuit by
disconnectinc the generator from the main 19 kV bus and energizing
the unit auxiliary transformer by backfeeding through the unit's
main step-up transformer.

Power from the two 87,500 KVA Keowee hydro generators,which have
a start-up time of 23 seconds, is supplied through twc separate and
independent circuits. The power generated from one generator is
adequate to power the emergency loads for all three Oconee units
simultaneously. One circuit is a 4000 foot underground 3.8kV cable
feecer to a transformer at the nuclear station which supplies redun-
dant 4160 volt standby power buses. The second circuit is a 230kV
transmission to the 230kV switching station at the nuclear station
which supplies the unit's startup transformer. Each hydrogenerator
is connected to a common 230kV stepup transformer through a 13.8kV
metal-enclosed bus and synchronizing air circuit breaker. The 13.8kV
underground feeder is arranged with double air circuit breakers so
that it can be connected to either 13.8kV generator bus. At the
nuclear station a transformer converts the voltage to 4160 volts.
Both hydro units are served by a common tunnel-penstock. Unwatetving

for tunnel or scroll case maintenance will make both units unavailable.



This is expected to occur about one day per year plus four days

every tenth year.

The Lee Steam Station provides power to the nuclear station via
a l00kV transmission system to a separate transformer located on the
opposite side of the 230kV facilities at the Oconee unit. Located
at the Lee Steam Station are two 44.1 MVA combustion turbines, which
have a startup time of 15 minutes, one of which can be connected to
the 100kV line. This line is isolated from the rest of the system

and supplies the emergency power to Oconee.

2.1.2 Station Distribution System1

The station distribution system (Figure Bl-2) consists of the
various electrical systems designed to provide electrical power
during all modes of station operation and shutdown conditions. The
systems are designed with sufficient power sources, redundant buses,
and required switching to accomplish this. ES equipment for each
unit is arranged onto three load group buses such that the loss of
a single bus section for any reason results in only the loss of
equipment fed from that bus leaving redundant equipment to perform
the same function. In general, the ejuipment related to unit opera-
tion is connected to its respective unit auxiliary electrical buses,
whereas equipment common to and serving all units is distributed
among unit auxiliary electrical buses. Control of power sources

and switching for the unit is from the unit control room.

Section 2.1.2 is included for completeness. A thorough under-
standing of this section is not required to understand the
derivation of the EPS point estimate unavailability. Many readers
may wish to skip this section.




(a) 4160 Volt Auxiliary System

The 4160 volt auxiliary system unit is arranged into a
double bus - double circuit breaker switching arrangement. The
three power sources; i.e., (1) the unit's auxiliary transformer,
(2) the startup transformer and (3) the standby power buses,
feed each of the main feeder buses by this double circuit
breaker arrangement. Each of the two redundant main feeder
buses provide power to each of the three redundant ES switch

gear bus sections (3TC, 3TD and 3TE).

{b) 600 Volt Auxiliary System

The 600 volt auxiliary system is arranged into multiple bus
sections as is the 4160 volt system. Each bus section is fed
from a separate load center transformer which is connected to
one of the three 4160 volt switchgear bus sections. Various 600
volt motor control centers are located throughout the station
to supply power to equipment within the faulted area. The tnree
ES load centers and associated MCCs are redundant and are
supplied independently from the three 4160 volt ES load buses.
Each MCC has an alternate feeder with manual transfer to be

utilized only for maintenance.

(c) 208 Volt Auxiliary System

The 208 volt auxiliary system is provided to supply instru-

mentation, control and power loads which reguire unregulated

280/120 AC power. It consists of MCCs, distribu%ion panels, and

transformers fed from redundant 600 volt MCC. The feeder breakers

have mechanical interlocks and manual transfers.




(d) DC Power Systems

Three separate DC power systems are provided; namel$y, a
125 volt DC system provides a source of continuous power for
control and instrumentation for normal operation and orderly
shutdown, a separatz 125/250 volt DC system which provides
critical power for switching between alternate off-site power
or on-sight emergency power from the EPS, and a separate and
independent DC power system for each Keowee hydro units
to assure a source of continuous power for normal and emergency
operation (See Appendix B2 for further discussion of the DC

Power System).

(e) 120 VAC Vital Power Buses

Four redundant 120 volt AC vital instrument power buses
are provided to supply power in a predetermined arrangement
to vital power, instrumentation, and control loads under all
operating conditions. Each bus is supplied separately from a
static inverter connected to one of the four 125 volt DC control
power panelboards. Upon loss of power from a 125 volt DC bus,
the affected inverter is suppliied power from the remaining bus
through its respective DC control power panelboards and trans-
fer diodes. A tie with breakers is provided to each of the 120
volt vital AC buses from the alternate 120 volt AC regulated
bus to provide backup for each vital bus and to permit servicing
of the inverters. FEach inverter has the synchronizing capability
to permit synchronization with the requlated buses.

Each of the four redundant channels of the nuclear instru-
mentation and reactor protective system equipment is supplied

from a separate bus of the four redundant buses. Also, each
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of "the three redundant channels of the Engineered Safeguards

Protection System is supplied from a separate bus of the four
redundant buses. The two engineered safeguards actuation

power buses are supplied from separate vital power buses. |

(£) 240/120 VAC Essential Power System

Three essential power systems are provided and include:

1) Integrated Control System (ICS) power system = 120
volt AC, single phase.

2) Auxiliary Power System (APS) - 120 volt AC, single
phase.

3) Computer Power System (CPS) - 240/120 volt AC,
single phase.

Each of these three systems consists of a static inverter,

with redundant 125 volt DC supplies from separate 125 volt DC

buses, circuit breakers, and distribution panelboard. Also,

a static transfer switch is provided in each system as a

means for automatic transfer of system loads unavailable.

The output of each inverter is synchronized with the AC

requlated power system through the static switch in order to

minimize transfer time from inverter to the regulated supply.

(3) 240/120 VAC Regulatec "ower System

This system is provided to supply instrumentation, control,

and power loads requiring regulated AC power. It also serves

as an alternate power source to both the vital power panelboards

and to the essential power panelboards. The system consists of




two distribution panels, two regulators, and two transformers

fed from separate MCCs.

(h) DC and AC Vital Power System Monitoring

Failure and/or misoperation of all DC and AC vital power
system equipment is monitored on two local alarm annunciators
located in the equipment room near most of the vital equipment.
Several variables within each piece of redundant group of ejuip-
ment are monitored on one of the lucal panels, with one alarm
from each group being taken to alarm panels in the control room.
The control room alarms alert the operator if an alarm condition
occurs on any piece or group of equipment or if power is lost
to the local alarm monitoring equipment.

The DC bus tie breakers, battery breakers and standby
charger breaker position indication contacts, the standby
charger trouble contact, and the computer, ICS and auxiliary
inverter isolating diode trouble contact are monitored directly
in the control room.

The other vital alarms are divided into two separate and
independent monitoring systems. Alarm for equipment which
have battery 1CA for their primary source of power are main-
tained physically and electrically separate from battery 1CB
powered egquipment. For example, the distribution center,
isolating diodes, breakers, panelboards, inverters and transfer
switches associated wtih battery 1CA are alarmed on local and
remote annunciators which are physically and electrically

separated from the annunciators being used for monitoring

battery 1CB associated systems.
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2.2 System Operation

The normal power supply to the unit's auxiliary loads is pro-
vided through the unit auxiliary transformer connected to the
generator bus. If power is not available from tnhe unit's generator
bus, the generator is disconnected from its main buses and power
to the unit is provided by the 230kV system which is backfed through
the auxiliary transformer from the 230kV/500kV switching station
through the main step-up transformer. If both of these sources
become unavailable the two Keowee hydro units provide station power
via a 13.8kV underground feeder and a 230kV overhead line. In the
event that the Keowee units are unavaiiable the Lee Steam Station can

provide 100kv from one of the two 44.1 MVA turbines.

2.2.1 Loss of Offsite Power

In the event of a loss of offsite power, the following actions

take place:

1) Both Keowee hydro units are started immediately (~23 seconds)
and the unit not connected to the 13.8kV underground feeder
is connected automatically to the 230kV switching station
when the 230kV switching station is isolated from the
system network.

2) The 230kV switching station is isolated automatically by
energizing the dual trip coils of the 230kV power circuit
breakers.

3) The startup transformers (CTl, CT2, and CT3) remain

connected to the 230kV switching station.
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4)

5)

The 13.8 kV underground circuit from Keowee becomes energized as
the hydro unit to which it is connected is started.

In the event both hydroc units are unavailable, the Oconee opera-
tor will notify the Lee Steam Station to supply power to the
plant. Upon notification, it takes at least 15 minutes for the

Le2¢ Station to provide power to the plant.

2.2.2 Loss of Coolant Accident

In the event of a LOCA requiring the engineered safequards,

the following actions take place:

1)

2)

3)

4)

Both Keowee hydro units are started immediately (~23
seconds) .

The unit not connected to the 13.8kV underground feeder is
run on standby and connected to the 230kV switching station
when the switchyard is isolated.

The 13.8kV .derground circuit from Keowee becomes energized
as the hydro unit to which it is connected is started.

The 4160 volt redundant main feeder buses of the unit

with the accident are switched to the emergency power
sources in the preferential order as described ir Section
2.1 of this report.

The engineered safeguards of the unit with the accident

are started and the non-essential loads are shed when

power is unavailable from the normal of startup sources.

The initiation of startup is accomplished by control signals

from the Oconee control room via the Engineered Safeguards Protective

System Logic. Normal startup is by operator action and emergency

startup is automatic via redundant signals for both manual and auto-

matic startup. The loads to be supplied are included pelow. Non-

essential loads are shed. Loads other than those listed below can
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be supplied by the EPS at the operator's option, e.g., condenser

circulating pump, air ccmpressor, component cocling pump, etc.

Engineered Safequards Loads

Description No. & Size
H.P. Injection Pump 3 @ 600 hp
L.P. Injection Pump 3 @ 400 hp
L.P., Injection Valves 2 & 20 hp
L.P. Service Pump 2 8@ 600 hp
R.B. Spray Pump 2 @ 250 hp
R.8, Cooling Fans 3 @ 150 hp
Penetration Room

Vent Fans 2 @5 hp
MOVs {39) 100 hp

{4778 KVA total)

3.0 SURRY EPS DESCRIPTION

The Surry EPS is configured to provide continuous AC power to
the Engineered Safety Features (ESF) 4160 volt buses (1lH & 1J) 1in
the event of a LOCA. A simplified block diagram and single line
diagram are shown on Figures Bl-3, Bl-4, and Bl-5, respectively.
The ESF buses support 480 volt AC emergency buscs providing power
for a battery charger element of the battery/direct current aud
static AC inverter vital buses. Dual vital bus systems are Cross
connected (using regulating trancformers) to the 480 volt emergency
buses. The DC and AC vital buses permit orderly control of the
reactor during momentary 4160 volt AC interruptions.

The source of energency AC power for Surry consists of a dedi-
cated diesel generator (one for eaci of two Surry Units) and a
backup diesel generator shared by the two Surry Units. The dedicated
and shared diesels go on line direct to the 4160 volt ESF buses of

the affected unit in the event of a LOCA/ESF demand.




The emergency power distribution system consisis of two redun-
dant, and basically independent trains, Trains A and B. Each train
consists of a DC network and an AC network. Train A consists of AC
buses which include the letter "H" in their designation and DC buses
with the letter "A"™ in their designation. Train B consists of AC
buses with the letter “J" in their designatior and DC buses with the

letter "B". The train alignment of the buses is as follows:

Train A Train B
4160 V bus 1lH 4160 V bus 1J
480 V bus 1lH 480 V bus 1J
480 VvV MCC 1Hl-1 480 Vv MCC 1J1-1
480 V MCC 1H1=-2 480 V MCC 1J1-2
125 v DC Dist. 125 v DC Dist.
Cabinet 1A Cabinet 1B

(a) 4160V Buses. The 4160 volt buses 1H and 1J are the
sources of AC power for Train A and B respectively. Thus, if
either of these buses is lost, all AC power to 1ts associated
train is also lost. Because of the importance of continuity
of service, both these buses are provided with two sources of
power: the offsite power source (the preferred source), and
the onsite power source (the standwy source provided by the
diesel generator). 1In the event of trouble on the preferred
source, the emergency source will start automatically and
provide power to the affected 4160 volt bus. Each bus has a
capacity of 3000 amperes and serves directly the ESF motors

that are rated above 300 HP, and distributes power to the
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lower rated ESF loads via a station service transformer.

These 4160 volt buses are normally isolated from each other;
however, this isolation can be violated at cubicle 15H1 on

4160 volt bus lH. This violation occurs when a normally
removed bus tie breaker is inserted in the empty cubicle 15H1
and the tie breaker is closed. Such deliberate actions occur
only for special maintenance conditions and would not, in them-
selves, cause the loss of 4160 volt power; however, the indepen-

dence of the AC power distribution system would be compromised.,

(b) 480V Load Centers. The 480 volt emergency load center

buses 1H and 1J are fed from 4160 volt buses lH and 1J via
4160-480 volt station service transformers lH and 1J, re-
spectively. These buses are the main sources of power for

the 480 volt trains; therefore, if either of these buses is
lost, all 480 volt power to its associated train is also

lost. These buses, like the 4160 volt buses, are equipped
with drawout type circuit breakers, and serve directly several
large ESF motors, and distribute power to the 480 volt motor

control centers.

(c) 480V Motor Control Centers (MCC). Motor control centers

MCC 1H1-1 and MCC 1J1-1 are energized by 480 volt buses 1H and
1J respectivel;y. These MCCs provide power to motors much
smaller than those served by 480 volt buses 1H and 1J, including
auxiliary components associated with the larger loads served

by 4160 and 480 volt buses lH and 1J. Typical of the auxiliary
loads served by these buses are cooling water pumps for the

charging pumps and several valves associated with safety



injection. 1n addition, each MCC distributes primary power

to a 125 volt DC cabinet via two feeders, which serve two
battery chargers, and to a 480-120 volt transformer to

serve two 120 volt vital buses. Because the MCCs serve

the relatively small 480 volt loads, they are equipped with
combination starters (i.e., molded case breakers plus magnetic
contractore) rather than with the larger drawout type circuit
breakers. The combination starters provide overload protection
by the contractors and short circuit protection by the circuit
treakers. Motor control centers MCC 1lH1-2 and 1J1-2 are
essentially similar to MCC 1lHl-1l and 1J1-1. That is, they

are energized by 480 volt buses lH and 1J, respectively, and
distribute power via combination starters to the remaining

480 volt ESF loads. In other words, all the supporting 480
volt ESF loads are supplied by the combined distribution
networks of MCC lHl1-1 and 1Hl-2 (Train A auxiliary loads),

or 1J1-1 and 1J1-2 (Train B auxiliary loads).

(d) 125VDC System. The main power to the 125-volt DC Distri=-

bution Cabinets 1A and 1B is normally supplied from the AC
power source by four battery chargers, two for each cabinet.
The alignment of service is such that the two battery chargers
that supply cabinet 1B are served by MCC 1J1-1 (Train B).

Under normal conditions, the DC loads are actually served by
the AC systems, and the batteries which are connected to these
buses are on floating charge. Upon the loss of AC power, these

DC buses are energized from their respective batteries, lA or 1B.
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The DC buses provide control and primary power to several

ESF loads, including control power to operate the circuit
breakers on 4160 and 480 volt buses lH and 1J, and operating
power for several solenoid valves and two 120 volt vital
buses via inverters. These buses are normally isolated

from each other; however, this isolation can be bypassed by
the closing of a normally open bus tie breaker which places
these two buses in parallel. This bus tie breaker can orly
be closed manually and is under adainistrative control (o
permit the sharing of load between buses during certain
maintenance conditions such as repair or replacement of a

battery charger.

(e) Protective Systems. The EPS is provided with (1) auto-

matic protective devices including differential relays to
protect major egquipment such as the diesel generator and trans-
formers, (2) undervoltage relays to ensure continuity of
service by tripping the preterred source of power upon a low
voltage condition, start the diesel generator, and transfer

the load to the diesel generator, (3) instantaneuus overcurrent
relays to protect against short circuits, {4) and time delay
relays (actually inverse time elements wherein the time to

trip is inversely proportional to the fault current) to protect
against ejuipment malfunctions such as a locked rotour condition
or excess friction. The trip settings of the overcurrent
relays are coordinated to minimize the effect of any faillure

of the overall power system. In other words, the breaker that



feeds a faulted circuit would be the first to trip, thereby
confining the loss of power to the affected feeder. Indicating
devices in the form of alarms and annunciatore are also pro-
vided. Thus, if the automatic devices should fail, the operator
may be able to take appropriate action via the manual control

devices located at the control roum or at the breaker panels.

COMPARISON OF OCONEE AND SURRY LPS

A comparison of the Oconee and Surry designs produce the follow-
ing characteristics:

1) The power rating of the Oconee emergency hydro units is

much larger than the Surry emergency diesels (87.5 MW each vs.

2.75 MW each). Because of this, one Oconee hydro can power

all ESF safeguards for all three Oconee units simultaneously,

whereas at Surry, one diesel is dedicated to one train of ESF

safeguards at one Surry unit.

2) The loading of the Surry diesel generators is such that
they must assume full load within abont 15 seconds after a
LOCA and ioss of offsite fower. The inrush curreat challenges
both diesel generators and is a4 common mode event that could
cause both diesel generators to trip. The Oconee Keowee hydro

units are sequentially loaded to prevent a large inrush current.

3) Oconee systems helow the 4160 volt ES switchgear buses are

similar to the Surry Unit 1 systems below the 4160 V ESF

buses.
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4) The two diesel generators providing emergency power for

Surry are connected directly to the 4160V ESF emergency buses,
whereas the various sources of emergency power for Oconee require
the use of transformers and functioning 230 kV switchgear/
transmission line apparatus for preferred modes of powering

the 4160 volt ES switchgear buses.

5) The EPS for Surry is onsite at the Surry Station and as
noted in WASH-1400 does not make use of the high voltage switch-
gear (the offsite grid is considered down for the purpose of
LOCA discussion). In contrast, the emergency power sources for
Oconee require the use of the 230/500 kV switchyard equipment
for preferred modes of operation and as described in the plant

FSAR considers the availability of grid power.

6) The median estimate of insufficient power at LOCA as
determined by the RSS for Surry is 1.0 x 1075, This number
includes failure of Surry's EPS and the probability of a loss
of offsite power at the time of the LOCA. The similar value

for Oconee would be (5 x 10-4, failure of Oconee EPS) X

- -7
(1.0 x 10™3, LOP at LOCA) = 5 x 107",

OCONEE SYSTEMS EVALUATION

Event Tree Interrelationships

The EPS does not explicitly appear on the LOCA and transient

event trees. For all sequences, except for those involving a

loss of offsite power, AC power is assumed to be available from
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offsite power sources and the EPS is not required. For loss of

offsite power sequences, and on particular LOCA sequences which cause

a loss of offsite power, operaticn of the EPS is required. In

order to identify station blackout sequences where the EPS fails

after an LOP, an event B3 will appear in parenthesis in the acci-

dent sequence. Therefore, the accident sequence T1(83)x is a

loss of offsite power followed by a failure of the EPS and system X.
Since either Keowee hydro generator can power all the ESF

safeguards for all three Oconee units, failure of the EPS is

defined as the loss of both hydros.

5.2.2 EPS Unavailability

Sources of emergency power at Oconee are the emergency Keowee
hydro generators and the Lee Steam Station. The preferred source of
emergency power, as mentioned previously, originates from the
hydros. Since the Lee Steam Station would not be available for
at least 15 minutes after a startup command from the control room
operator, it is conservatively assumed that it is nct available in
the short term as a power source in the event of simultaneous loss
of both Keowee sources. Credit is given, however, to the long-term
availability of the Lee Steam Staticn (i.e., greater than approxi-
mately 40 minutes).

The estimate of a hydro unit unavailability was derived from a
combination of plant test data and expected maintenance outages.
Since 1973, there have been 12 instances in which a single hydro
generator or hydro generator circuit has failed tc deliver power to
the plant during a variety of hydro demands. There have been no
instances in which both hydro generator circuits failed. The
unavailability of a single hydro unit, based on this data, can

therefore be estimated as
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12 failures _ -3
(:'!'tm hydro tasts) ¢ x 10 .

The unavailability estimate of a single hydro unit given above
does not include expected maintenance outages. Oconee technical
specifications state that a hydro unit shell not be removed from
service for more than 72 hours, after which the reactor will be shut
down. The average maintenance interval used in the RSS is 4.5 months,
which corresponds to a frequency cf 0.22 per month. From the R3S,
{(Table II1 5-3) the lognormal maintenance act duration for components
whose range is limited to 72 hours is a mean time of 19 hours. The
unavailability of one hydro unit due to maintenance is estimated to

be:
19(.22) _ =3
-—435—~ 5.8 x 1077 .

In order to deliver the emergency power to the Oconee plant from
the Keowee hydro station, two DC power systems are also reguired to
operate. These are the 125-volt DC Keowee station power system
(necessary for start-up and control of hydros) and the 125-volt DC
switching power system (necessary to connect the EPS to the Oconee
plant). A detailed discussion of these systems can be found in
Appendix 32. The unavailability estimate for these DC systems is
taken from that appendix as 4 x 10™% and €, respectively
The unévailability of the EPS is therefore estimeted as

3 3 2

) ¢ (6 x 100" + 4 x 1074

Q(EPS) = 2(5.8 x 10°°) (6 x 10~

«5 x 1074 .

This value represents event B, in the Boolean equations.

The unavailability of AC power in the short _zrm (i.e., less than
approximately 40 minutes) given the loss of both the hydro generators is
dominated by the failure to restore offsite AC power. This is taken
from WASH-1400 as 2 x 10.l and is known as LOPNRE in the Boolean equations.

The unavailability of AC power in the long term was assessed to be
dominated by the common mode failure of the Oconee operator to notifty
Lee Station personnel and manually restore offsite power. This failure

probability is estimated as

3 x 10°7) (5)

1.5 x 1072 .

Q(AC power with 40 minutes to 3 hours)

"

3

The value 3 x 10 ~ is the basic human error of omission. This

value is increased by a factor of 5 to reflect a moderately high
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SURVEY AND ANALYSIS
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1.0 INTRODUCTION

The Oconee Unit 3 DC Power System (DCPS) was reviewed
and compared with the similar PWR design (Surry) evaluated
in the WASH-1400 study. The system designs for Oconee and
Surry are described in Sections 2 and 3 of this report,
respectively. A comparison of the two systems is given in
Section 4. LPSWS event tree interrelationships are detailed
in Section 5. Also included in Section 5 1is a estimate of

the DCPS unavailacility.

2.0 OCONEE DCPS DESCRIPTION

2.1 System Description

The Oconee DC power system is composed of three safety
related DC power subsystems. In all three systems the normal
supply of DC load current 1s from an associated battery
charger which maintains the appropriate floating voltage on
the battery board, supplying the normal and emergency plant
load demand while maintaining the battery in a fully charged
state for potential loss of AC power operation.

The three safety related DC power systems are:

® The 125-volt DC instrumentation and control
(I&C) power system

* The 125-volt DC switching power system

® The 125-volt DC Keowee Station Power System

B2<3



B2-4

The 125-volt DC I&C power system supplies vital DC
ard AC (through inverters) power to reactor instrumenta-
tion and protective control systems and is shown in
Figure B2-1l. For each unit, two independent and physi-
cally separated 125-volt DC batteries and DC buses are
provided for the vital instrumentation and control
power system. The DC buses are two conductor metalclad
distribution center assemblies. Three battery chargers
are also supplied with two serving as normal supplies to
the bus sections with the associated 125-volt DC battery
floating on the bus. The batteries supply the load
without interruption should the battery chargers or the
AC source fail. Each of the three battery chargers are
supplied from the redundant 600-volt AC engineered safe-
guards motor control centers of each unit, One of these
three battery chargers serves as a standby battery charger
and is provided for servicing and to back up the normal
power supply chargers. A bus tie with normally open
breakers is provided between each pair of DC bus sections
to back up a battery when it is removed for servicing.

Four separate 125-volt DC instrumentation and control
panelboards are also provided for each unit. FEach panelboard
receives its DC power through an auctioneering network of two
isolating diode assemblies. One assembly is connected to the
unit 3 125-volt distribution system. The functions of the

diode assemblies are to discriminate between the voltage level



of the two DC distribution systems, pass current from the
DC system of higher potential to the instrumentation and
control panelboard connected on the output of the diode
assemblies, and block the flow of current from one DC
distribution system to the other. It was learned from
plant personnel that this intertie reguires operator
action.

Each 1isolating diode assembly is composed of a
series-parallel network of four diodes in each polarity
leg of the DC supply to the panelboard it serves. With
this series-parallel arrangement of diodes, either an
open circuited or short circuited diode can be tolerated
without affecting the operability of the diode assembly.
The individual diodes are sized for a continuous current
of 500 amperes with the maximum panelboard load current
being 304 amps. Each diode is also rated for continuous
operation with a peak inverse voltage of 800-volts.

The 125-volt DC I&C power system batteries are physi-
cally located in separate enclosures to minimize damage
exposure., The battery chargers and associated DC bus sec-
tions and switchgear are also located in separate
rooms and physical separation is maintained between all
redundant equipment and cabling.

The 125-volt DC switching power system is shown in

Figure B2~-2 and consists of two 125-volt DC, two conductor,
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system 1s supplied. Each system consists of one 125-volt

DC power supply battery charger, one 125-volt DC two conduc=
tor, metalclad distribution center assembly and one 125-volt
DC battery. A bus tie with normally open double circuit
breakers 1s provided between the switchgear bus sections to

back up a battery when it is removed for servicing. One

standby 125-volt DC battery charger is also provided between

the two 125-volt DC batteries for servicing. The batteries,
battery charger and distribution center associated with one
unit are physically separated in separate enclosures from
those associated with the other unit.

Each of the above three safety related DC power systems
will provide uninterrupted battery supplied power to its
connected loads in the event of loss of all AC power. The
design of each system is based on redundancy in that a
single failure of any component, passive or active, will not
preclude the system from supplylng emergency power when re-
guired.

Test provisions are included in each isolating diods
assembly to allow the in-service checking of the operability
of individual diode monitors, and, in addition, to allow the
out-of-service periodic checking of the peak inverse voltage
capability of each individual diode. The latter test can be
conducted on one isolating diode assembly with the other

diode assembly in the network in operation. Breakers on the




input and output of each isolating diode assembly are

provided for complete isolation during maintenance and

testing of an assembly.
The batteries are given the following tests and
inspection:
a) The voltage and temperature of a pilot cell
in each battery is measured and recordcd five

times per week for the Instrument and Control,
Keowee Hydro, and Switching Station batteries,

b) The specific gravity and voltage of each cell
is measured and recorded monthly for the
Instrument and Control, Keowee Hydro, and
Switching Station batteries.

¢) Annually, a one-hour discharge test at the

required maximum safeguards load is made on
the Instrument and Control batteries.

d4) Annually, a one-hour discharge test is made
on the Keowee Hydro and Switching Station
batteries.

The operability of the individual diode monitors in the
Instrument and Control and Keowee Station 125 VDC systems
is verified monthly by imposing a simulated diode failure
signal on the monitor.

The peak inverse voltage capability of each auction-
eering dioede in the Instrument and Control, 3witchyard and
Keowee Hydro 125 VDC system is measured and recorded semi-
annually.

The tests specified above are considered satisfactory

if control room indication and/or visual examination demon-

strates that all components have operated properly,




2.2 System Operation

The DC power for each of the three safety related DC
power systems is supplied by the appropriate battery

charger from its connected 600-volt AC motor control or

480-volt AC switchyard load center during normal plant

power operation. In the event of a loss of all AC power
the connected floating batteries continue to supply un-
interrupted DC and vital AC power (through inverters) to
all connected loads for at least one hour to provide vital
plant instrumentation and control power, switching power
and Keowee start-up and control power for safe reactor
shutdown and implementation of emergency on-site AC power
generation.

All of the safety related DC power system equipment
is monitored and alarmed locally and/or in the main control
room. Specific variables being monitored locally with
composite alarms in the main control room are system ground,
charger operation, circuit breaker positions, diode operation,
and bus voltage. The DC bus tie breakers, battery and standby
charger circuit breakers and standby charger operation are
monitored directly in the control room.

Continuous monitoring of each diode is provided in the
design of each isolating diode assembly to detect a shorted
or open circuited diode. An alarm relay, connected to an

individual control room annunciator point, is provided in
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each isolating diode assembly to advise the operator of

e e e

diode trouble in the assembly.

Ry T

3.0 SURRY DCPS DESCRIPTION

| The Surry plant design incorporates two class lE safety
related DC power supply systems plus a series of locally
situated self contained battery-powered emergency lighting
T units for remote areas. A separate independent 125-volt DC
power supply system, composed of a battery charger, battery
and distribution system is associated with each of the three
diesel generator emergency on-site power generation units.,
This critical system provides power for start-up, monitoring,
protection, and control of the on-site emergency AC power
system.

The second safety related system is the 125-volt DC vital
' power system, shown in Figure B2-4 which is composed of two
identical redundant service channels for each nuclear unit,

each channel containing a battery, two parallel static battery

chargers, ungrounded distribution bus and cabling to the remote
} DC loads. Each channel supplies 125-volt DC power for high
| voltage switchgear control, turbine bearing and seal oil pump
notors, and solenoid valve operating power during normal plant
power operation, During loss of AC power emergency operation
the pump motor loads are shed and the system supplies un-

interrupted battery power for the high voltage switchgear and

\
|
|
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solenoid valves and picks up emergency lighting for the
reactor containment, turbine room and other selected building
areas and provides power to the vital inverters for supplying
critical AC reactor protection and instrumentation loads to
the associated nuclear unit.

The two vital BC channels for each nuclear unit are
physically and electrically independent from the battery to
each of the remote AC and DC load points. Vital safety loads
are redundant on each channel and a manually controlled tie
breaker provides a load sharing capability between the DC
buses. During normal operation the 125-volt DC load for each
channel is fed from the battery chargers, powered by the 480-
volt AC emergency buses, with the batteries floating on tue
system. Upon loss of off-site AC power, the batteries auto-
matically pick up the connected load. The batteries are
designed for two hour continuous operation and successful
operation of any one of the two redundant vital 125-volt DC
systems will insure safe shutdown of the associated nuclear
unit with no accompanying accident or auxiliary feedwater
system failure. Because of the plant diesel generator
sharing design, recovery of AC power by the emergency diesel
generators regquires successful operation of two of the three
diesel generator 125-volt DC power supply systems for either
single unit or total plant AC supply.

Both safety related DC systems are fully monitored with
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voltmeters, ammeters and ground detectors and protected by
fuses and circuit breakers which are appropriately displayed
and alarmed in the main control room. A program of regular
inspection and test of all batteries is in effect and auto-
matic starting and loading of the emergency generators is

periodically tested which exercise the related DC power

supply.

4.0 COMPARISON OF OCONEE AND SURRY DCPS

The DCPS at both plants include a 125-volt DC power
subsystem for instrumentation, on-site switching, and
executive protection and control as well as separate 125-
volt DC power subsystems for emergency on-site power gener=
ation control. The Oconee plant also includes an additional
separate safety related 125-volt DC power subsystem for high
voltage power switching among the alternate off-site netwcrk
supply sources and the emergency on-site AC hydro power gener-
ation source. All of these 125-volt DC power subsystems are
similarly powered by battery chargers, which are supplied by
the normal AC power source, and maintain a floating charge on
a connected battery for emergency supply of uninterrupted
power in event of a loss of normal AC service.

Oconee's design does not require load shedding for the
125-volt instrumentation and control subsystem; Surry's design

requires shedding of the main turbine generator bearing and



seal 01l pumps after the turbine has coasted to a stop. If
a loss of all AC power should occur, the Oconee i1instrumenta-
tion and control subsystem is designed to supply emergency
locads for one¢ hour while Surry is designed for two.

Based on the technigue used for estimating DC system
unavallabilit; in the RSS, the Oconee and Surry DCPS have a
similar unavailability estimate. However, a recent Sandia
National Laboratories DC power system (Reference 3) study
identified a DC common mode falilure not previously identified
in the RSS. This fallure is attributed to the miscalibration
of the battery charyer charging rate which causes the
batteries to degrade and fail upon demand following a
loss of off-site power. This commcn mode was judged to
be applicable to the Oconee emergency on-site power
control 125-volt DC subsystem. The unavailability estimate
for this subsystem is greater than two orders of magnitude
higher than would have been estimated using the RSS

method,

5.0 OCONEE SYSTEM EVALUATION

5.1 Event Tree Interrelationships

The DCPS does not appear as an explicit event on the
LOCA and transient event trees. For loss of off-site
power sequences (T;), the Keowee 125-volt DC subsystem

contributes to the unavailability estimate of the Keowee
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emergency AC power system (event (Bj)). For all other
sequences DC power is assumed to be available (see Section

5.2, case 1).

5.2 DCPS Unavailability

The point estimates for the unavailability of the Oconee
DCPS were developed for two cases; i.e., 1) AC power available
and 2) AC power unavailable.

Case 1 - AC power available.

wWith AC power available, both I&C batteries
and/or both 1&C battery chargers are capable
of supplying the necessary DC power. The
unavailability of the I&C DCPS for a single
Oconee unit was estimated as:

0(1sC DCPS) = Q(Both I1&C batteries). Q%(IsC Charger)! = .

Cas¢_2 - AC power unavailable.
Following a loss of off-site power success of
the Keowee DCPS and switching DCPS is required
to connect the Oconee plant to the emergency
AC hydroelectric power system. The unavail-
ability of these DC power systems therefore
contribute to unavailability of the emergency
AC power system. The unavailabilities of
these two DCPS were ecstimated as:

lrhe form of this ejuation suggests that the batteries and
chargers are independent means of supplying DC power. This
may not be entirely correct. While it is true that a battery
can supply DC power without the successful operation of its
corresponding battery charger, the converse situation may
not be true (i.e. battery chargers are designed for steady
state operation and may not be able to supply DC load
demands which are usually accomodated by the batteries).
For this assessment, however, it was assumed that a

battery charger could supply DC powar without the success-
ful operation of its corresponding battery.
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Q(Keowee DCPS) = Q(Both Keowee batteries) = 4 x 10™%/reactor year

Q(Switching DCPS) = Q(Both Switching batteries).oz(SHitchxng Charger)

These unavallabilities were input to the unavailability
estimate of the emergency AC hydroelectric power system
{see Appendix Bl).

The failure of "both Keowee batteries®™ unavailability
estimate was based on insights gained from a Sandia
National Laboratories DC power system study. The dominant
contributor to the unavailability is due to a common mode
failure. This failure is attributed to the miscalibration
of the charging rate on both Keowee battery chargers. This
human error would cause both batteries to degrade and fail
upon demand (Reference 3).

It should be noted that an unavailability estimate of
the I&C DCPS was not made ‘or case 2. This 1s because the
Oconee plant, as analyzed, is AC dependent (e.g. ECCS and
emergency feedwater system reguire AC power to successfully

operate).
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APPENDIX B3
SURVCY AND ANALYSIS

ReACTOR PROTECTION SYSTEM (RPS) - OCONEE PLANT
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1.0 INTRODUCTION

The Oconee Unit 3 Reactor Protection System (RPS) was reviewed

and compared with the similar PWR design (Surry) evaluated in the

WASH-1400 study. The RPS designs for Oconee and surry are described

in Section 2 and 3 of this report respectively. A comparison of the

tWo reactol protection systems is given in Section 4, RPG event

tree interrelationships are detailed in Section 5. Also included
1n Section 5 is a description of the reduced RPS fault tree model
and a point estimate of the system unavailability.

2.0 OCONEE RPS DESCRIPTION

2.1 3System icozcription

The [P35 consists of control rod assemblies (CRA), circuit
oreakers, instrumentation and electronic logic. The logic, in re=-
sponse to input signals from the instrumentation, shuts down the
reactor by removing power from the CRAs which then drop into the
¢ore under the influence of gravity.

There are a total of 69 CRAs, arranged in eight groups in-

cluding tour safety groups, three regulating groups and one axial

power shaping group. The rod drive control system includes (1) five

identical, dual channel DC supplies which power the regulating and
axial power shaping groups and (2) two DC holding power supplies
which power the safety groups. The DC supplies are fed from .wo
480 VAC, 3% sources; 1.e,, a main bus and a secondary bus. Two
primary breakers (A, B), two secondary breakers (C, D), and con-
tactors (E, F), interrupt power to the CRA drive motors when a
trip is commanded.

The trip logic includes four identical channels, each con-
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sigting of loyic circuits and trip relays, which maintain the trip
breakers and contactors energized under normal operating conditions,
In response to input signals frow sensors (See Table Bi-1l), the
channel logyic deeneryizes associated trip relays which in turn de=-
eneryize the trip breakers and contactors thereby removing power

to the CRAs and causing the regulating and safety CRAs (61) to

drop into the core. The axial power shaping rods do not drop into
the core when their associated drive motors are deenergized.

2.1.1 Control Rod Assembly

The CRA includes lé control rods, mounted in a stainless-steel
spider, and a control rod drive mechanism (CRDM). The CRDM, which
positions the CRAa in the reactor core, is a non-rotating translating
lead screw coupled to the CRA. The screw is driven by split roller
nut assemblies which are rotated maynetically by a motor stator
located outside the pressure poundry. For rapid insertion, power
is removed from the drive wotor causing the nut halves to separate
and release the screw and CRA which then drop into the reactor
core under the influence oOf gravity.

The CRA are arranged into groups at the control rod drive
control system patch panel. Typically twenty-eight TRA are
assigned to the regulating groups (groups 5, 6, 7, 8) while forty-

one CRA are assignea to the safety rod groups (groups 1, 2, 3, 4).

Group & includes eiyht axial power shaping rod assemblies which

do not drop into the core when power is removed frowm their drive
motors during a reactor trip.
The rod drive control system, which is shown in Figure

B3-1, consists of (1) drive motor DC power supplies, (2)




system control logic, and (3) trip breakers and contactors.
The DC power system includes four yroup power supplies. Identical

power supplies (redundant half-wave rectifier desiygn) are used for

the regulating groups and the auxiliary power supply. The DC power

supplies are reu from two 480 VAC, 3¢ sources; i.e., a main bus
and a secondary bus.

The system logic encompasses those functions which command
control rod motion in the manual or automatic modes of operation,
including CRD sequencing, safety and protection features, ard the
manual trip function. Major couponents of the logic system are
the Operatur's Control Panel, CRA position indication panels,
automatic sequencer, and relay loyic. Switches are provideu at
the operators control panel for selzction of the gesired rod coun=-

trol wmode. Control modes are: (1) Automatic mode =- where CRA

motion is commanded by an inteyrateda control system; and (2) Manual

wode -- where CRA motion is commanded by the operator., Manual
control permits operation of a single CRA or a yroup of CRA.
Alarm lamps on the RDC panel alert the operator to the systems
status at all times. The ygroup 8 control rods can only be con-
trolled manually even when the remainder of the system is in
automatic conirol. The sequence section of the logic system uti-
lizes rod position rignals to generate control interlocks which
regulate yroup withdrawal and insertion. The seyuencer operates
in both automatic and manual modes of reactor control, ana
controls the reyulating groups only. Analoy position siynals
are generated oy the reed switch matrix on the CRA, ana an

average yroup position is gencerated by an averaying network. This

B3-5







s & o

e

e i I B e I e R R e e R e e

ungervultage trip coil is operated frow the Reactor Protection

System. The trip breakers are tested monthly.
2.1.2 Trip Logic

The Reactor Protection Loyic System consists of four iluentical
channels, each terminating in a trip relay within a rector trip
nQgule. The primary source of AC power ior the RPS comes trow
four vital 120 VAC busses, one for each protective channel. 1In
the normal untripped state, each channel maintains the trip relay
energized via the closed normally open (l/0) contacts of bistables
associated with the various reactor sensors. Should any bistable
becomwe deenergized the trip relay deenergizes. GLach trip relay
has four N/0 contacts, each controlling a logic relay in one reactor
trip module. Therefore, each reacter trip module has four logic
reiays controllea by the four channels. The four logic relays
combine to form a Z-out-of=-4 coincidence network in each reactor
trip mouule.

Manual trip may be accoupiished frow the control console by
a trip switch. This trip is independent of the automatic trip
system. Power from the control rod drive power breakers' under-
voltzge coils comes from %he RT modules. The manual trip switches
are petween the reactor trip module output and the breaker under-
voltage coils. Opening of the switches opens the lines to the
breakers, tripping them. There is a separate switch in series
with the output of each reactor trip module. All switches are
actuated through a wechanical linkagye from a single pushbutton.

Each channel is provided with two key-operated bypass

switches, a channel bypass switch and a shutuown bypass switch.

e e L
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The channel bLypass switch enables a channel to be bypassed without
initiating a trip. Actuation of the switch initiates a visual alarm
or the main console which remains in effect duriny any channel by-
pass. The key switch will be used to bypass one protective channel
during on-line testing. Thus, durinyg on-line testing the system
will operate in 2-out-of=-3 coincidences. The use of the channel
bypass key switch 1s under administrative control. The shutdown
bypass switch enables the power/imbalance/tlow, power/RC pumps,
low pressure, and pressure-temperature trips to be bypassea allowing
control rod drive tests to be perforuwed after the reactor has
Leen shutdown anu gepressurized below the low reactor covlant
pressure trip point., Before the bypass umay be initiated, a high
pressure trip bistable - which 1s incorporated in the shutdown
bypass circuitry - must be manually reset. The set point of the
high pressure vistable (assocliated with shutdown bypass) is set
below the luw pressure trip point. If pressure is increased
with the bypass initiated, the channel will trip when the high
pressure bistable (associated with shutdown bypass) trips. The
use of the shutdown bypass key switch is under administrative
control.

fach of the four channels are physically separate and are
electrically isolated from the regulating instrumentation. The
modules, loyic, and analoy equipment assoclated with a single
protective channel are contained wholly within two Reactor
Protective System cabinets. Within these cabinets, there is a
meter for every analoy signal ewployed by the protective channel,

and a visua. inuicaticn of the state ot every loyic elewent,
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At tiie top of one cabinet, and visible at all times, is a pro-
tective channel status penel, Lamps on this panel give a guick
visual indication of the trip status of the particuiar protective
channel and of the RT module associated with it. Additional lamps
on tie panel give visual indication of a channel bypass or a fan
failure.

The RPS equipment is designed for continuous operation in
a room environment of 40°F to 110°F and up to 75% relative humidity.
All modules are designed for a 30°F temperature rise inside the
equipment cabinets over the ambient room conditions. Two 100%
capacity central station type chilled water systems, and two 50%
capacity outside air booster fans are provided for environmental
control of the eguipment area.

4.2 System Operation

The couincidence logic contained in the RPS channel A controls
trip breaker A in the control rod drive system, channel B controls
breaker B, channel C controls breaker C and contactor k, anu
channel D controls breaker D and ccntactor F. The control rod
drive circuit bLreaker combinations that initiate reactor trip
include (1) AB, (2) ADF, (3) BCE, and (4) CDEF. This 1s a
l-out-of-2 twice loyic. When any 2-out-of-4 channels trip, all re-
actor trip modules trip (deenergize) all control rod drive breakers
and contactors. The four RPS channel trip whenever the r<actor
conditions tabulated in Table B3-1 exist,

The use of 2-out-of-4 logic Letween protective channels
permits a channel to be tested on-line without initiating a

reactor trip. Mailntenance to the extent of removing and replacing
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Any time a test switch is in other than the operate position,
annunciator (c¢) will be lit and the associated protection
channel will be tripped. Under this condition, annunciator (a)
will be lit unless annunciator (e) is lit (i.e., the channel

is bypassed).

3.0 SURRY RPS DESCRIPTION

The RPS is detined to consist of 48 CRAs, their magnetic
Jack assemblies, breakers and wotor ygenerator sets that provide
power to the maynetic jacks and the electronic logic that con-
trols the trip circuit breakers in response to the wonitoriny ot
certain reactor parameters such as pressurizer pressure or re=-

actor coolant temperature (see Figyure B3-2). The RSS analysis

did not consider the rod control system, which is useu to slowly

raise or lower individual control rods for the “shimming® of
reactor power. Since the entire rod control systew yets its
power from the reactor trip breakers, tripping the reactor by
opening the breakers disables *he rod controls and removes all
power to the magnetic jacks. Without power, all magnetic jacks
will release their hold on the control rods and allow thew to
fall into the core unless wechanical damaye restrains them. Thus
the rou shim control system has no effect on the success of a trip.
The rods and jacks thus will only be involved in the analysis
as mechanical faults.

The Reactor Protection System or Trip System rapidly drops
the Control Rou Assemblies when conditions exist requiring re-
actor shutdown. Control rods are norwally held in position by

the magnetic jacks. The Control Rod Assemblies are dropped during




tihie trip Ly removal of power to the rod control systewm through
the opening of either reactor trip breaker 52/RTA or reactor
trip breaker 5¢/RTB. Breaker 52/RTA 18 contrulled by RP5 Train

A and Breaker 52/RTB is controlled by RPS Train B.

The two series connected trip breakers RYA ana RTB control
power froum two parallel connected motor yenerator sets. The two
motor yenerators provide isoltaion frowm the 480-volt busses they
are powered from and provide power to the magnetic jack controls
with a three-phase non-synchronous voltaye which would be dif-
ficult to sustain by shorting to any other source of power in the
plant. Thus the potential fault of trip bus power rewaining
present due to shorts to other busses when the trip breakers open
is very unlikely. Since the wmotor generator sets receive power
from two 480-volt busses, failure of power on both of these
busses will result in an inadvertent trip.

The two reactor trip breakers are each bypassed by a special
test breaker of the same type as the trip breakers. These are
called BYA-bLypass A, connected across RTA, and BYB connected
across RTs. Both bypass breakers are normally open. BYA is
tripped by reactor Train B and BYB is tripped by Train A. A
typical test use of these breakers would be to close BYA for a
test of breaker RTA. Test signals are sent through Train A
which will trip our RTA, Instruments mwonitoring RTA will indi=-
cate that it tripped properly. After testing, RTA is closed
again and BYA is opened, and the system is left with only the
original closed series connection of RTA and RTB. If during the

test ‘when RTA, RTb, and BYA were closed) a trip condition would




I
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exist, all three breakers would open and a reactor trip would
occur. The two bypass breakers are interlocked electrically so
that both may not be ciosed at the same time. The bypass breakers
are also used for repairing of the trip breakers RTA ana RTB. If
RTA fails to trip in the test mode, BYA will be closed anad RTA will
be “racked out" and repaired without removing power or scramming
the reactor.

The tripping signals which trip the various breakers come
from two logic trains which are identical in design. Each is com=
posed of relay logic and has the purpose of combining various
transducer bistable signals into a single command to trip the re-
actor. The initiatingy bistable signals are coubined toyether
into eiyht functional signals called RT1 thru RT7 and manual trip.
Each of the eight is capable of initiating a trip by itself. This
relay loyic, called trip Trains A and B, consists c¢f all loyic
between the bistable relays of the analoy instrumentation and the
trip breakers.

The eight divisions of each train are:

1. RT-1 - Primary System,

2. RT-2 - Primary System and Nuclear Flux Differential,
3. RT-3 -~ Pressurizer System,

4. RT-4 - Steam Generator Low-Low Level,

5. RT~4 - Steam Generatcr Focd-Flow Mismatch,

6. RT-6 - Miscellaneous Trips,

7. RT~-7 - Huclear Flux Instrumentation, and

8. Manual Trip.
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two primary and two secondary circuit breakers and two groups of
contactors. The primary breakers interrupt power to all CRA
drive motors while the secondary breakers interrupt power to the
safety rod groups and the contactors interrupt power to the
regulating rou groups.
The Oconee RPS loyic employs 4 logic channels with each
breaker and contactor. The Surry RPS logic employs 3 sensor
logic channels feeding into 2 output trains which, in turn, in-
put to the circuit breakers. The Oconee sensor loyic is a 2-out-
of~4 system whereas the Surry sensor logyic is a 2-out=-of=3 systew;
i.e., any 2 of the logic channels will trip the reactor when an
abvnormal condition occurs.
The point estimates per reactor year for the Oconee and
Surry RPS failure probability are:
Q(RPS, Oconee) = 2.6 X 105
Q(RPS, Surry) = t.f x 107
The dominant contributor for <th reactor protection systems
was the test and maintenance contribution which results in a de-
creased system redundancy during the test and maintenance operation.

5.0 OCONEE SYSTEM EVALUATION

5.1 Event Tree Interrelationships

Failure of the RPS appears as event K on the Oconee LOCA and
transient event trees. For the analysis of large LOCAs, the RPS
event is assumed to succeed since the vessel will guickly blow
down and borated ECCS water will prevent the fission process trow
restarting even if the RP5 fails. For all other accidents the

RPS is required to successfully function,

B3-15




5.2 Determination of RPS Unavailability

A simplified fault tree for the Oconee RPS is shown in
Figure B83-3. The major contributor was found to be the failure
to remove power from the rod urive wotors. Test and maintenance
faults made up 88% of this failure.

As shown in Figure B3-3, the RPS unavailability for Oconee

was ¢stimateu to ve:

QIRPS) = 2.6 X 10-5/reactor year .

B3-16
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APPENDIX B4

SURVEY AND ANALYSIS

CONTAINMENT LEAKAGE (CL) - OCONEE PLANT
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1.0 INTRODUCTION

The Oconee nit 3 systems and components which are Jesigned
to contain the release of radioactivity from the primary system
in the event of an accident were reviewed and compared with the
analogous system and components cf the Surry plant analyzed in
WASH-1400. The probabilities of failure of these systems or com-
ponents define the containment leakage (CL) probability as was
used 1n the containment event tree. As in WASH-1400, containment
leakayge was defined as that leakage which provides a flow path
to the atmosphere equivalent to a 4" diameter hole or greater,

The designs to minimize containment leakage for Oconee and
Surry are described in Section 2 and 3, respectively, of this
Appendix, A comparison of the Oconee and Surry design is given
in Section 4. The use of the 'CL' probability in the containment
event tree is specified in Section 5. Also included in Section

[ 4

5 is a point estimate of the Oconee 'CL' probability.

2.0 OCONEE CONTAINMERT INTEGRITY SUMMARY

2.1 Description

The Oconee Uait 3 reactor building is a prestressed, post-
tensioned, concrete containment structure with a 1/4" steel
liner. The liner plate, which is designed to maintain its
integrity under all postulated loading conditions, is attached
to the concrete by an angle grid system stitch welded to the

liner plate and embedded in the concrete. The liner plate over

the foundation slab 1s protected by a concrete cover. The reactor

puilding, normally at atmospheric pressure, is designed to with-
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stand an internal pressur. of 59 psig. Under this maximum design

pressure, the leakage rate is designed not to be greater than
.25% containment volume in 24 hours. A schematic Of the reactor
building ventilation system is shown on Figure Bd-l.

There are approximately 60 major piping penetrations into
the containment. Fluid penetrations which are reguired to be

isolated after an accident are classified into four categories:

Type 1. Each line connected directly to the reactor coolant
system has two isolation valves. One valve is in-
side and the other valve is outside the reactor
building. These valves may be either a check valve
and a remotely operated valve, or two remotely opera-
ted valves, depending upon the direction of normal

flow.

Type 1II. Each line connected directly to the reactor building
atmosphere has two isolation valves. At least one
valve is outside and the other may be inside or
outside the reactor building. These valves may be
either a check valve and a remotely operated valve
or two remotely operated valves, depending upon the

direction of normal flow.

Type III. Each line not directly connected to the reactor cool-
and system or not open to the reactor building atmos-

phere has at least one valve, either a check valve



or a remotely operated valve. This valve is located

outside the reactor building.

Type 1V. Lines which penetrate the reactor building and are
connected to either the building or the reactor
coolant system, but which are not normally open dur-
ing reactor operation, may have manual valves with

provisions for locking in a closed position.

The design basis for isolation valves on containment pene-
trations 1s that leakage through all fluid penetrations not
serving acclident consejuence limiting systems, be minimized by
a double barrvrier. Thus, no single failure of an active component
will result in loss of containment integrity. In addition, the
containment is eguipped with 3'6" X 6'8" double door personnel
hatch, a 30" diameter double door emergency personnel escape
hatch, a 19" diameter single door eguipment hatch and a fuel
transfer tube. Both personnel hatches are interlocked and alarmed
to prevent the simultaneous opening of these double doors. All
penetrations, except those listed below are grouped within or

are vented to the penetration room:

(a) main steam lines

(b) sump drain lines

{¢) reactor building equipment drain lines
(d) decay heat removal lines

(e) refueling tube
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Lines (a) through (d) are not likely to be sources of signi-
ficant leakage because they are weided to the liner plate at
points of penetration. The refueling tube is equipped with a
blind flange which is removed only during shutdown to provide a
transfer path for fuel to the spent fuel pool.

Plant technical specifications require local leak tests of
the personnel hatches at least every 12 months. The eguipment
hatch and fuel transfer tube seals must be leak tested after
each opening or at least every l2 months. Integrated leak tests
of the containment are required at least two times in a ten-year
interval.

As indicated above, the Oconee containment is also equipped
with a penetration room in which most of the major containment
penetrations have been grouped or are vented to. The peactration
room has a separate ventilation system which processes post
accident containment leakage to minimize environmental activity

levels,

2,2 Operation

During normal operation, reactor building ventilation and
air cocling is provided by the reactor building ventilation
system, Specifically, the normal function of cooling reactor
building air is performed by the recirculation of containment
air through two of three fan cooling units. The fan cooling
units are cooled by the low pressure service water system. Dur-
ing accident conditions, all three fan cooling units are operated

to provide containment cooling. (This provides a redundant mode



of cooling to the containment spray system). The fan cooling
units are entirely within the containment, necessitating a
containment penetration only for the low pressure service

witer. Containment ventilation is provided to the containment
by purge lines directly linking the ccatainment to the atmos~-
phere. The purge lines are monitored and alarmed tc minimize
excess radiation leakage. Each purge line has three isolation
valves 1n series which receive an ESPS signal to close on high
reactor building pressure (4 psig) or low reactor coolant system
pressure. This same signal also isolates other penetrations

not serving accident mitigation functions and starts the penetra-

tion room ventilation system.

3,0 SURRY CONTAINMENT LEAKAGE DESCRIPTION

The containment building 1s a steel-lined, reinforced con-
crete structure, including foundations, access openings, and
penetrations designed to maintain an essentially leak-tight
barrier against the release of fission products under conditions
up to and including any design basis accident. Normally, the 60
psia design presure containment operates at a subatmospheric
pressure of 9 to 1l psia. The containment system is designed
for a maximum leakage rate of less than 0.1 volume percent per
diy at design pressure,

Access to the containment structure is provided by a 7'0" 1D
personnel hatch penetration and a 14°'6" ID equipment hatch pene-
tration, Other smaller containment structure penetrations include

hot and cold pipes, main steam and feedwater pipes, fuel transfer

B4-7




tube, and electrical conductors and containment purge lines.

Figure B4-2 is a cross-section of the containment structure.

The Surry nuclear plant containment isolation 1is achieved
by applying common criteria to penetrations (e.g., the two barrier
criterion) in all the interfacing fluid systems and by using ESF
signnals to activate appropriate valves. Signals which activate
the safety injection control system (SICS) and the consejuence
limiting control system (CLSC) are used to close these isolation
valves.

Depending on the specific application, the two barriers
previously mentioned consist of one of the following valving

arrangements:

1. Two automatic isolation valves, one on each side of

the containment wall.
2. An automatic isolation valve and a membrane barrier.

3. An administratively controlled, manually operated
valve outside, and a sealed system inside the con-

tainment.

4. Two administratively controlled, manually operated

valves, one on each side of the containment wall.

5. A sump recirculation pipe and valve arrangement, con-
servatively designed and fabricated, and enclosed by

a special valve pit.
A membrane barrier consists of either pipe, tubing, component

wall. An incoming line from a centrifugal pump or a surge tank












The contribution to the 'CL' probability of failure to isolate
the containment purge iines was also considered. Conversations
with plant personnel indicate that the Oconee Unit 3 containment
was open via the purge valves approximately twc percent of the
time the plant was at full power .n 1978 (the last year of
available data). However, plant personnel also indicate the
series purge valves on each line now isolate on redundant signals
(ESP?S channels 1 and 2, high containment pressure, low reactor
coolant system level) so that this was judged to be a significantly
smaller contributor to the 'CL' prebability than the undetected
open penetration. The failure of such passive components as
welds, gaskets, pipe caps, over plates and flanges was assumed
to be slightly greater than for Surry because of the slightly
greater number of penetrations. In the RSS, the contributions
to the CL probability from failure of passive components was
estimated at approximately 1.0x10-4 per reactor year. A slightly
yreater contribution (3.0x10~4) for passive failures was assigned

for Oconee. This leads to a total CL probability of

P(CL) = 7.3x10-3 per reactor year.

B4-12
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vessel under the driving force of the pressurized nitrogen in the
taaks.

The core flooding tank, constructed of carbon steel lined with
stainless steel with a total volume of 1410 £t3, has a normal inven-
tory of 1040 £t of borated water (7000 gallons of H,0 at 2270
ppm boron). The tank design pressure is 700 psig and its operating
pressure is 600 psig. A relief valve is installed directly on the
tank to protect against overpressurization.

The two 14 inch series check valves, made from type 316 stain-
less steel and rated at 2500 psig, prevent high pressure coolant
from entering the accumulators during normal plant operation. The
isolation valve at the tank outlet is fully open duriag normal plant
operation and its position is indicated in the control room.

Bach tank includes provisions for adding both borated water
and nitrogen during reactor power operation in order to maintain the
proper water level and pressure. Redundant pressure and water level
indicators and alarms are provided in the control room for each

tank.

2.2 Systiem Operaticn

During normal operation the reactor coolant system is 1solatex
from the tanks bythe two series check valves thereby preventing
reactor coolant from entering the accumulators. When the reactor
coolant system pressure drops below 600 psig, due to a LOCA, the
stored borated water, driven by the pressurized nitrogen, opens the
two series check valves and is injected into the reactor vessel

to flood the core.



To assure that the isolation valves CP-1 and CF-2 will rnot be
accidently closed during reactor power operation and thus inhibit
water injection intc the core in the event of a LOCA, the follow-
ing provisions are included in the CFS design:

® The circuit breaker supplying power to the tank isolation
valves will be open and tagged out under adminis*rative
control whenever the reactor is at power. Power to ‘ne
actuation circuitry comes from this same circuit breaker
through a control transformer and will also be disconnected
when the circuit breaker is open.
Lights are provided in the control room to indicate valve
position (open or closed). These lights have a power supply
separate from the circuit breaker serving the isclation valves
and are operated from limit switches on the valve operator.
® Another limit switch on the valve operator will cause &n
annunciator alarm in the control room anytime an isolation
valve is away from the wide open position. The annunciator
system has a power supply separate from that used to operate
the valve or the indicating lights.
® The unit computer also alarms and documents the position
(open or closed) of the isolation valve. The computer has a
power supply separate from that used to operate the valve or

the indicating lights.

3.0 SURRY CFS DESCRIPTION

The Surry Cold Leg Injection Accumulator System (CLAS) (equiva-
lent to CFS) provides for core protection for intermediate and large

reactor coolant system pipe failures by automatically flooding the

B5
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employs three identical trains for delivery of the borated water

to the rzactor coolant system whereas the Oconee design employs

two identical trains. Surry injects water into the reactor coolant
system cold legs whereas, Oconee injects the water directly into
the reactor vessel. If an isolation valve in the Surry system

is inadvertently left closed, it will be opened via the safety
injection sianal which will apply power to the valve motor. No
such provisions are present in the Oconee system isolation valves:
instead, valve position is monitored and alarmed.

An additional important difference is the technical speciii-
cation requirement for CFS availability. At Surry one core flood
tank is allowed to be out of service for 4 hours before the reactor
is to be shut down. At Oconee both coreflood tanks must always be
available. This difference adds a significant test and maintenance
contribution to the Surry CLAS unavailability which does not exist
at Oconee.

The RSS estimated a 9.5 x 10™% unavailability for the Surry

acc.mulator system. This is somewhat higher than the 6 x 10~4

calculated for Oconee's system.

5.0 OCONEE SYSTEM EVALUATION

5.1 Event Tree Interrelationships

The CFS 1s one of a group of three systems which provide
Emergency Coolant Injection (ECI) to prevent core damage for
various break sizes. The remaining two systems include (1) the
High Pressure Injection System and (2) the Low Pressure Injection

System.




v

Failure of CFS contributes to Event D (ECI) on the large

{breaks >13.5") LOCA event tree. Failure of the CFS to deliver
the contents of both tanks to the reactor core, in the event of a

large LOCA, consiitutes system failure.

5.2 CFS Model Description

5.2.1 CFS Boolean Egquation

The following Boolean ejuation was developed as the model for

CFS failure:
CFPS (1 of 2 Fail) = (H + J) + (I + K) . Eq. B5~1

Table B5-1 relates each term in the above equation to the
component in Figure B5-1. Table B5-2 lists total component
unavailabilities and each of the failures that contribute to the
component unavailability. These failures are comprised only of
hardware faults since no important human or test and maintenance
faults were identified. There is no significant test and main-
tenance contribution since the only testing or maintenance that
occurs is when the system is down for refueling or the RCS is
below 800 psig, as the technical specification operating require-

mente. No common mode failures were identified.

5.2.2 CFS Unavailability

Using cthe Boolean eguation given in the last section and the
term unavailabilities given in Table B5-1, an independent CFS

point estimate unavailability can be calculated. This is found

to be:



CFS (1 of 2 fail) = 6 x 10-4/reactor yezr .

A quantitative ranking of the Boolean terms for the CFS is
given in Table B5-3. As can be noted, each term is a significant
contributor to the system unavailability.

The reader should be cautioned that these are unavaiiahilities
for Oconee's CFS 1f the system is considered independent of all
others. In general, the CFS unavailability will depend o.. what other
system success or failures have occurred, i.e.. the unavailability
used for the CFS in the sequence analysis calculatic' s must be a

conditional unavailability.
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1.0 INTRODUCTION

The Oconee Unit 3 Low Pressure Injection System (LPIS) was
reviewed and compared with the similar PWR design (Surry) evaluated
in the WASII-1400 study. The LPIS designs for Oconee and Surry are
described in Sections 2 and 3 of this report respectively. A
comparison of the two low pressure injection systems is given in
Section 4. LPIS event tree interrelationships are detailed in
Section 5. Also included in Section 5 is a description cf the
model used to incorporate LPIS failures into the Oconee accident
sequences and a point estimate of the LPIS unavaillability assuming

independence from all other Oconee systems.

2.0 OCONEE LPIS DESCRIPTION

2.1 System Description

The Emergency Core Ccoling System (ECCS), which is designed to
prevent core damage over the entire _pectrum of RCS break sizes, is
combined cf the LPIS, the High Pressure Injection System (HPIS), and
the Core Flooding System. Figure B6~1 shows the ECCS for one reactor
unit.

As highlighted in Figure B6~1, the LPIS is a system which pro-
vides two flow paths for delivering borated water to the RCS following
a LOCA. Water is drawn through a single suction header from the.
BWST, which has a total capacity of 388,000 gallons containing 2200
ppm boron, and pumped directly into the reactor vessel through two
core flooding nozzles located on the opposite sides of the vessel.
Each flow path delivers the borated water to the reactor vessel at a

flow rate of 3000 gpm.

i
w
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4 psig. An ESPS signal resulting from either of these conditions
causes:
a) Low pressure injection pumps LP-PlA and LP-PlB to start.
b) Valves LP-17 and LP-18 in the low pressure inlet lines to
open.
All low pressure service water pumps to start.
Service water valves from low pressure injection coolers to

open (LPSW-4, LPSW-5,.

The injection mode continues until the BWST is approximately
94% empty at which time a low wat2r level alarm is annunciated in

the control room. Upon receipt of this alarm, the operator must re-

align the LPIS to recirculate water from the reactor building sump

through the heat exchangers and core flooding nozzles into the reactor

vessel.

3.0 SURRY LPIS DESCRIPTION

The LPIS in the Surry Plant (Figure B6-2) consists of

i) Two pumps (3,000 gpm, 600 psig each), each driven by an
electric motor. Each pump shares a common suction header
and discharge header.
Refueling Water Storage Tank (RWST) (350,000 gal. of borated
water, with 1900 PPM boric acid concentration, chilled to
45°F).
3 discharge lines, one to each of 3 cold legs of RCS.
2 check valves in each of the 3 discharge lines, 1 normally
open motor operated valve in the common feeder to the 3

discharge lines and 2 normally open motor operated valves,

one each in the pump discharge line.
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v) piping, isolation valves and instrumentation.

All stop valves between the RWST and the RCS ar= local and/or
remote controlled manual valves and would normally be open. The check
valves are installed to preclude backflow from the high pressire
{2000 psig) RCS to the LPIS (600 psig).

Pump start-up is initiated by a signal from the Safety Injection
Control System (SICS) when the pressure in the RCS falls to 600 psig.
Borated water is drawn from the RWST and discharged into each of the
3 RCS cold legs. When the RWST is approximately 93% empty, as indi-
cated by low RWST level alarm, the cperator must realign the system
to recirculate water from the containment sump to the RCS cold legs.

The LPIS is designed on the following basis:

a) Either pump will provide sufficient flow to the RCS cold

legs.

b) Acceptable system performance can be achieved with only

one of three cold leg flow paths providing flow into the

RCS.

4.0 COMPARISON OF OCONEE AND SURRY LPIS

Both Oconee and Surry employ redundant LPIS trains to deliver
borated water to the RCS following a LOCA. Major design differences
that cause Oconee's LPIS unavailability to differ from Surry's ace
the valve configurations between the BWST and the LPIS pumps and
between the pump discharge and the reactor vessel. Surry's LPIS
suction line contains a manually operated gate valve in series with
a motor-operated valve and check valve besfore the branchoff point

to the pumps. There is then a single manually operated valve in



. each ftlow line before the pump. The LPIS pump discharge lines at

| Surry come together outside containment and branch inside containment
f before connecting with the RCS. Oconee's LPIS has one manually

| Operated valve in the suction line before branching off to the pumps
and then has two motor-operated valves and a check valve in series
before each pump. Oconee's LPIS discharge lines do not come back
together before connecting with the reactor vessel. These design
differences were outlinedl to show the important fact that Surry has
more LPIS single failures than Oconee. This results in a RSS value
of 4.7 x 1073 for LPIS failure at Surry compared with a 4.4 x 107>

value for l:rge LCCAs estimated for Oconee.

5.0 OCONEE SYSTEM EVALUATION

5.1 Event Tree Interrelationships

The LPIS 1s one of a group of three systems which provide
Emergency Coolant Injection (ECi) to prevent core damage for various
break sizes. The other two systems are (1) the High Pressure
Injection System (HPIS) and (2) the Core Flooding System (CFS).

The probability of LPIS failure contributes to Event D (ECI) for
the large LOCA (breaks »13.5 inches), S, LOCA (breaks >10 and <13.5
inches) and S5; LOCA (breaks 4 to 10 inches). Failure of the LPIS
for large and S, LOCAs 1s defined as fallure to deliver borated
water to the RCS at a flow rate equal or greater than the design
output of one LPIS pump. Failure of the LPIS for 5; LOCAs 1s
failure to deliver borated water at a flow rate equal or greater

| than the desiyn outout of two LPIS pumps. These failure criteria

are given on page 1l4-57 oi the Oconee FSAR.,

B6-7




5.2 OCONEE LPIS MODEL DESCRIPTION

5.2.1 LPIS Booloan Equations

Two Boolean egjuations of the LPIS were developed. One depicts

LPIS failure to pruvide core flow from at least one loop and is used

ir the analysis of the large and S; LOCAs. The second Boolean

equation describes LPIS failure to provide core flow from both LPIS
loops and is used in the §; LOCA analysis.

The Boole¢an eguztion representing failure of both LPIS loops

LPIS (2 of 2 tvains fail) = A + RCSRBCM +
(B+E +J + CH4) * (C+D + K + CH3) +
LPISCM + RCSLOCM * RBHICM. (Eg. B6~-1)

The Boolean eguation representing failure of one LPIS loop

LPIS (1 of 2 trains fail) = A + RCSRBCM + B + E + J

+ CH§ + C + D +# K +# CH3 + RCSLOCM * RBHICM. (Eg. B6~2)

Table B6-1 relate each term in the above equations to the com-
ponents shown in Figure Bé-l. Table B6-2 lists total component
unavailabilities and each of the contributors to the component
unavailability. Component unavailabilities were comprised of
hardware, human, and maintenance faults.

Testing of LPIS valves was found to negligibly add to the
component unavailability when compared to other contributions and was

therefore not included.
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Only two LPIS pumps were included in the analysis (LP-PlA and
LP-P1B). The third pump is manually valved out and was not expc-ted
to be available. No maintenance contributions were included in the
pump unavailability numbers, however, since it was assumed the third
pump would be realigned to provide the redundant flow path. For
maintenance contributions and unavailability from other system
components, technical specifications state that maintenance is
allowed during power operation on any component which will not
remove more thaan one train (flow path) of a system from service.
Components shall not be removed from service so that the affected
LPIS train is inoperable for more than 24 consecutive hours. If

one LPIS train is inoperable for more than 24 hours, the reactor

must be shut down. The average maintenance interval used in the
Reactor Safety Study is 4.5 months, which corresponds to a frequency
of 0.22 per month. From the Reactor Safety study, (Table III 5-3)
the lognormal maintenance act duration for components whose range is
limited to 24 hours is a mean time of 7 hours. Therefore, the
unavailability of one component due to maintenance is estimated to

be:

7(.22) = 2.1 x 10-3

Testing of the LPIS pumps is conducted monthly. The average
outage time for pump test is taken from the RSS as 1.4 hours. The

unavailability of the pump due to test is therefore:

1-4 = -3
0 1.9 x 10

Several common mode failures were identified in the LPIS.

Both pump trains can be actuated by a reactor low-low pressure signal
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or a reactor building high pressure signal. Reactor low-low pressure
1s signaled by sensor group RCSLO (1500 psig trip) employing a 2 out
of 3 logic. Similarly, reactor building high pressure is signaled

by sensor group RBHI employing 2 out of 3 logic. A 1l x 103 common
mode unavailability was attributed to sensor groups RCSLO and RBHI
due to a possible human error of miscalibrating two or more sensors
in a group. These common mode unavallabilities are designated RCSLOCM
and RBHICM in the Boolean equations. A common mode failure in which
both sensor groups are miscalibrated in a single human error is
represented by the term RCSRBCM. For more detalls concerning ESPS
actuation faults and common mode failure, see Appendix BlO.

A final common mode failure identified was the possibility of
the three LPIS test line valves connecting both LPIS trains to the
BWST being inadvertently left open. If they are, LPIS flow will be
recirculate? back to the BWST and thus divert w