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LEGAL NOTICE

“Thic report was prepared by Westinghouse as an account of work sponsored by the
Westinghouse Owners Group (WOG). Neither the WOG, any member of the WOG,
Westinghouse, nor any person acting on behalf of any of them:

(A) Makes any warranty or representation whatsoever, express or implied, (1) with respect
1o the use of any information, apparatus, method, process, or similar item disclosed in
this report. including merchantability and fitness for a particular purpose. (Il) that such
use does not infringe on or interfere with privately owned nights, including any party's
intellectual property or (111) that this report is suitable to any particular user's
circumstance; or

(B) Assumes responsibility for any damages or other liability whatsoever (including any
consequential damages, even if the WOG or any WOG representative has been
advised of the possibility of such damages) resulting from any selection or use of this
report or any information apparatus, method, process. or similar item disclosed in this
repon.”
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FOREWORD

This document contains Westinghouse Electric Corporation proprietary information and data
which has been identified by brackets. Coding associated with the brackets sets forth the
basis on which the information 1s considered propnetary. These codes are listed with their
meanings in WCAP-7211,

The propnetary information and data contained in this report were obtained at considerable
Westinghouse expense and its release could seriously affect our competitive position. This
information is to be withheld from public disclosure in accordance with the Rules of Practice
10 CFR 2.790 and the information presented herein be safeguarded in accordance with

10 CFR 2.903 Withholding of this information does not adversely affect the public interest.

This information has been provided for your internal use only and should not be released to
persons or organizations outside the Directorate of Regulation and the ACRS without the
express written approval of Westinghouse Electric Corporation.  Should it become necessary
to release this information to such persons as part of the review procedure, piease contact
Westinghouse Electnc Corporation, which will make the necessary arrangements required to
protect the Corporation's proprietary interests

The proprietary information is contained in the classified version of this report
(WCAP-14333-P).
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ABSTRACT

The objective of this program is to provide the justification for the following changes to the
Technical Specifications for the reactor protection system (RPS) instrumentation and
engineered safety features actuation system (ESFAS) instrumentation:

1. Increase the bypass times for testing and the allowed outage times (AOT), or compietion
times.

2. Change the action for an inoperable slave relay to "following expiration of the slave relay
allowed outage time, the component affected by the inoperable slave should be declared
inoperable and the Technical Specification action for this component should be followed "
Application of this is limited as discussed in the repon.

In addition, the program provides the justification for completing channel calibration activities
at-power

These improvements will allow additional time to perform maintenance and test activities,
enhance safety, provice additional operational flexibility, and reduce the number of forced
outages related to compliance with the RPS and ESFAS instrumentation Technical
Specifications.  industry information has shown that a significant number of trips that have
occurred are related to instrumentation test and maintenance activities, indicating that these
activities should be completed with caution and sufficient time should be available to complete
these activities in an orderly and effective manner.
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1.0 INTRODUCTION

The objective of this program is to provide the justification for the following changes to the
Technical Specifications for the reactor protection system (RPS) instrumentation and
engineered safety features actuation system (ESFAS) instrumentation:

1. Increase the bypass times for testing and the allowed outage times (AOT), or completion
times.

2. Change the action for an inoperable slave relay to "following expiration of the slave relay
allowed outage time. the componen! affected by the inoperablz slave should be declared
inoperable and the Technical Specification action for this component should be followed."
Application of this is limited as discussed in Sections 7.5 and 11.

In addition, the program provides the justification for completing channel calibration activities
at-power.

These improvements will allow additional time to perform maintenance and test activities,
enhance safety, provide additional operational flexibility, and reduce the potential for forced
outages related to compliance with the RPS and ESFAS instrumentation Technical
Specifications. Industry information has shown that a significant number of trips that have
occurred are related to instrumentation test and maintenance activities, indicating that these
activities should be completed with caution and sufficient time should be available to complete
these activities in an orderly and effective manner.

The Westinghouse Owners Group Technical Specification Optimization Program (WOG TOP)
evaluated changes to surveillance test intervals and allowed outage times for the analog
channels, logic cabinets, master and slave relays, and reactor trip breakers (References 1, 2,
3). The NRC approved increasing the surveillance test intervals (STI), bypass test times, and
AQTs for the analog channels. as well as the AOTs for the logic cabinets, master relays. and
slave relays A probabilistic nsk assessment approach was used in these analyses which
included assessing the impact of the changes on signal availability and plant safety. The
justification for the acceptability of the changes was the small impact the changes had on
plant safety. It was also demonstrated that increasing the surveiliance test intervals for the
analog channels leads to a decrease in inadvertent reactor tiips since fewer test activities will
be performed with a channel in trip.  This provides a safety benefit.

The approach used in this program and presented in this WCAP is consistent with the
upproach established by WOG TOP. This includes the fault tree models, signals, component
reliability database, and most of the test and maintenance assumptions. Several changes in
muodeling were implemented to enhance the approach or to remove unnecessary
corservatisms, such as, the common cause modeling approach for analog channels and the
frequency of mantenance activities. The plant specific model used for the nsk analysis was
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also changed. The WOG TOP work used the Indian Point Unit 2 and the Millstone Unit 3
models that were available in the early 80's. This current work uses a plant specific PRA
model that was recently completed to meet the Individual Plant Examination requirement
(Generic Letter 88-20, "Individual Plant Examination for Severe Accident Vulnerabilities”). All
of these changes are discussed in more detail in the following sections.

Imporant to understanding the analysis and approach is a basic understanding of the RPS
and ESFAS designs, and also the performance of test and maintenance activities on these
systems. This information is provided in Section 2.

The program was initiated by a meeting with the NRC to discuss the approach and to identify
information the NRC would require in a submittal. This is discussed in Section 3. A survey
was provided to all WOG members to determine their needs with respect to instrumentation
test imes, maintenance times, and maintenance frequencies, in addition to information
regarding plant operation, such as, reactor trip and spunous safety injection events. This is
discussed in Section 4. From this information the Technical Specification changes that were
evaluated were identified as discussed in Section 5. Sections 6 through 8 provide the
probabilistic nsk analysis. The benefits of the program and conclusions are discussed in
Sections 9 and 10, respectively. Section 11 provides the recommended Technical
Specification changes along with an explanation of the connection between the Technical
Specification changes and the analysis. Appendix A provides the proposed changes 1o the
Standard Technical Specifications for Westinghouse Plants (NUREG-1431 and NUREG-0452)
and Appendix B provides the “No Significant Hazards Evaluation”. The remaining appendices
contain supporting information.
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20 BACKGROUND INFORMATION

The purpose of this section is to provide the background information necessary to understand
the basis for the analysis. Additional information is provided in References 1 and 3.

2.1 RPS and ESFAS DESIGN

The typical reactor protection system circuit consists of analog channels, combinational logic
units, and trip breakers. The typical engineenng safety features actuation system circuit
consists of analog channels, combinational logic, and actuation relays. The analog channels,
part of the process instrumentation system, provide signals {0 each of two logic cabinets
which in tum provide signals 1o their respective reactor tnp breakers and the actuation relays.
The actuation relays consist of master and slave relays, with the master relays being
controlled by the logic cabinet and the slave relays being controlled by the master relays. The
slave relays actuate the required equipment. Figure 2.1 shows a simplified diagram of the
overall reactor protection system.

Any particular protective feature, such as safety injection on pressurizer pressure low, will
have either 2, 3, or 4 separate analog channels with each providing input to the logic cabinets.
Actuation of the trip breakers or master and slave relays will require a combinational logic of
10of2 2o0f 3 or g of 4 as appropnate.

A typical analog channel consists of a sensor, loop power supply, signal conditioning circuits,
and a comparator which is the output device to the logic cabinet. The sensor measures
physical parameters such as temperature, pressure, level, etic. The measurement IS
converted to an electrical signal and transmitted to the protection racks for signal conditioning.
The signal conditioning modules perform a number of functions including amplification, square
root derivation, lead/lag compensation, integration, summation, and isolation. A signal
comparator, usually a bistable device, compares the conditioned signal to a predetermined
setpoint and tums the output off or on if the voltage exceeds the setpoint. Each bistable
controls two relays; one for train A logic and the other for train B logic.

The combinational logic is performed in the logic cabinet. Each logic cabinet consists of three
bays, the input bay which contains the input relays, the logic bay, and the output bay which
contains the master and slave relays. Two types of logic bays are used. solid state logic or
relay logic.

The solid state cabinet, or solid state protection system (SSPS). receives inputs from the
analog channels via the input relays. This 1s accomplished using relays in either an energized
or de-energized state, as determined by the output of the comparator. The relays operate
grounding contacts in the SSPS circuitry. When a comparator senses a trnip condition the
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Figure 2

Simplified Diagram of the Reactor Protection System
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corresponding input relay will energize as appropriate, applying a ground t a specific logic
input. The logic inputs are applied to universal boards which are the basic circuits of the
protection system. These boards contain 1 of 2, 2 of 3, or 2 of 4 logic circuits. Grounding of
the appropriate number of universal board inputs will cause a signal to be generated. Output
signals from the universal boards are connected to other universal boards, undervoltage
output boards, or safeguard output boards as described.

1. Connection to other universal boards enables additional logic combinations. For example,
auxiliary feedwaier may be started by low level in one steam generator as sensed by 2 of
3 channels. Each of the three steam generator channels for one steam generator would
input to a 2 of 3 universal board. For a three-loop plant there would b ' three such circuits.
The output of each of these universal boards would input to a 1 of 3 universal board to
achieve the desired logic.

2. Connection to undervoltage output boards drive the undervoltage relays to trip the reactor
trnip breakers.

3. Connection to safeguard output boards drive the master relays which in turn drive the
slave relays

The relay logic consists of contacts in a senes-parallel arrangement which energize a master
relay when appropnate combinations of contacts are closed, or de-energize a master relay
when the approg nate combinations of contacts are open, depending on the function. The
senes-parallel contacts are operated by tne output relays of the analog channels and are
arranged to initiate appropriate protective functions when the required number of analog
channels sense an out-of-limit condition.

The master and slave actuation relays function to start the safeguards equipment which is
used to mitigate events. This is accomplished by a combination of relay operations initiated
by the output of the logic circuit. Each master relay energized by the logic circuit closes
contacts which energize one or more slave relays. The number of master and slave relays is
dependent on the particular protective function. The more complex the function, the greater
the number of relays energized. Each slave relay when energized. closes contacts in the
actuation circuits for one or more pieces of equipment Typically each slave relay causes
several components to operate.

22 TEST AND MAINTENANCE ACTIVITIES
This program is concemed with test and maintenance activities related to the analog
channels. logic cabinets, reactor trip breakers, master relays, and slave relays in the RPS and

ESFAS. The protection system is designed to allow online testing. An overlapping test
sequence 1s used, with each test within the testing scheme adequately testing a portion of the
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protection system. Satisfactory completion of all tests provides assurance that the system will
perform as assumed in the safety analysis when demanded. Typically, testing of the
protection system involves verification of the proper channel response 1o known inputs, proper
comparator (bistable) settings and proper operation o1 the combinational logic and associated
trip breakers, master relays, and slave relays. Details of RPS and ESFAS testing are
provided in References 1 and 3.

With regard to the following analyses, the impact of test and maintenance activities on the
RPS and ESFAS are important. Of specific interest is the impact on the availability of
protection system signals. That is, how the individual components of the protective functions
are degraced during test and maintenance activities.

Analog channels. The channels can be tested and maintained in either the bypassed or
tnpped state depending on the specific plant hardware capability. |f tested in the bypassed
state, the channel is unavailable and actuation logic changes from 2 of 3 to 2 of 2 or from 2 of
4 10 2 of 3 depending the initial logic requirement. If tested in the tnpped state, the channel is
providing a trip signal to the logic and additional logic then required for actuation changes
from2or3to1of2 orfrom2ofd4to1of 3 Mostplants do not have the instalied bypass
test capability (Eagle 21 process protection system or the bypass test panel) so the tnpped
state 1s used.

Logic cabinets: The logic is tested and maintainec i the bypassed state. That is, the cabinet
is unavailable during these activities.

Master relays: The master relays are tested and maintained in the bypassed state. That is,
the relays are unavailable during these activities.

Slave relays. The slave relays are tested and maintained in the bypassed state. That is, the
relays are unavailable during these activities.

Reactor trip breakers: The trip breakers are tested and maintained in the bypassed state, but
the bypass trip breaker for the main trip breaker being tested or maintained is used 10
provided reactor tnp function from two breakers. During such activities, the bypass breaker i1s
controlled by the available (opposite train) logic.

With regard to maintenance activities, two types can be done; corrective and preventive.
Corrective maintenance, or repair activities due to component failures, are those that are done
after a component failure is identified through either a test or by some other means, such as
through visual control room board scans. Preventive maintenance activities are pre-scheduled
maintenance activities done 10 maintain the component in operable condition. Both types of
activities impact the component availability.
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) NRC MEETING

A meeting to discuss the program with the NRC was held on July 11 1994
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These seven items have been incorporated into the analysis and are discussed as appropriate
in the foliowing sections.

m 2099w wp! 16-0€* 3-2



4.0 PLANT SURVEY

A survey was provided to all domestic WOG member utilities to obtain information regarding
test and maintenance activities related to the RPS and ESFAS, and information related to
plant operation. The survey also included questions on the impact of the extended AOTs on
test and maintenance practices, that is. will the analog channels or logic cabinets be
unavailable more often due to additional test or maintenance activities that may be performed
or will they be unavailable for longer penods of time due to changes in personnel response to
completing test and maintenance activities. In addition, information on the number of plant
tnps and controlled shutdowns that may be averted due to these changes was also requested.
A copy of the Survey is provided in Appendix C.

The survey is divided into two parts. The first part is divided into three sub-sections. The first
sub-section requests information on plant specific implementation of the WOG TOP Technical
Specification Improvements. The second sub-section requests information on channel and
logic cabinet unavailability, and how longer AOTs will impact unavailability of these
components. The third sub-section requests information on how these activities impact plant
avaiability with respect to reactor trips and required plant shutdowns. Responses to the third
sub-section were limited to the latest five years of operation. The second part of the survey
was used to determine the availability of detailed histories of the unavailability of
instrumentation logic and analog channels.

The survey was returned by 17 sites representing 24 units. Tables 4-1 to 4-6 summarize the
survey information. One site is not yet in commercial operation, their responses to the survey
were not included in the following summary tables.

Table 4.1 provides a summary of the plants responding to the survey and the type of
protection system (logic cabinet), solid state or relay, in the plant. Also indicated on this table
are the piants that have implemented WOG TOP Technical Specification changes, and if so,
the date of the 'mplementation. and the mode in which analog channels are tested: tripped or
bypassed Most plants do not have the installed bypass test capability, so testing is done in
the tnpped state.  Approximately half of the plants have impiemented TOP.

Table 4.2 provides a summary of the typical and maximum times to perform test and
maintenance activities on the analog channels. This table also provides the utility response to
what the anticipated impact of extended AOTs wouid be on the times to complete test and
maintenance activities on analog channels. As seen from Table 4.2, the typical time to
perform analog channel tests varies from 0.75 hour to 8 hours and the maximum time varies
from 2 hours to 12 hours. This table also shows that the typical time to perform maintenance
activities vanes from 2 hour to 40 hours and the maximum time varnes from 4 hours to

72 hours. With the extended AQTs, most utilities responded that no impact on the time to
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Table 4.1
Survey Summary
Plant TOP implementation Test in Trip/Bypass Type of Logic Cabinet
Plant A (2 Units) yes {9/94) trip SSPS
Plant B (1 Unit) yes (9/86, RT & 10/91, ESF) trip SSPS
Plant C (2 Units) yes (8/94) trip SSPS
Plant D (1 Unit) yes (2/90) trip SSPS
Plant E (1 Unit) no trip Relay
Plant F (2 Units) no trip SSPS
Plant G (1 Unit) no trip Relay
Plant H (2 Units) no trip SSPS
Piant | {2 Units}) yes (8/94) trip Relay
Plant J (1 Unit) yes (10/86) trip SSPS
Plant K (2 Units) yes (5/90) trip SSPS
Plant L (1 Unit) no trip SSPS
Piant M (2 Units) NR trip SSPS
‘__P_!ant N (2 Units) no trip Relay
Piant O {2 Units) no trip Relay
Plant P (1 Unit) no trip SSPS

Note: RT - reactor trip
SSPS - solid state protections system

ESF - engineered safety features

Relay - relay protection system
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Table 4.2
Survey Summary - Analog Channels

Prant Time to Perform Tests | UL TEIO | \mpact of AOT Extension
(Typicaliiusimum) (Typical/Maximum) Test Time Maint. Time

Plant A (2 Units) 0.75 he/3 hr 12 hr/24 hr no impact no impact
Plant B {1 Unit) 4 hi/12 hr 4 hr/12 hr no impact no impact
Piant C (2 Units) 8 hr/10 hr 3 hr/6 hr no impact 25% incrs.
Plant D (1 Unit) 4 hr/8 hr 6 hr/8 hr no impact no impact
Plant E (1 Unit) 1.5 hi/3 hr 6 hr/8 hr no impact no impact
Plant F (2 Units) 1 he/2 hr 6 hr/10 hr no impact no impact
Plant G (1 Unit) 4 hr/4 or 4 hr/8 hr no impact no impact
Plant H (2 Units) 6 hi/9 hr NR NR NR
Plant | (2 Units) NAR 8 hr/48 hr no impact no impact
Piant J (1 Unit) 0.75 hr/3 hr 4.5 hr/8 hr no impact no impact
Pilant K (2 Units) 3 he/7 hr 40 hi/72 hr no impact no impact
Piant L (1 Unit) 2 hr/5 hr 6 hr/8 hr no impact no impact
Plant M (2 Units) 1 hr/4.5 hr 4 he/10 hr no impact ne impact
Plant N (2 "Jnits) NAR NAR no impact no im
Plant O (2 Units) 3 hi/6 hr 4 hr/8 hr no impact no impact
Plant P {1 Unit) 3 hr/d hr 2 hr/d hr no impact 25% incrs.

Notes: NR - no response

NAR - not applicabie response




perform test or maintenance activities is expected, although several indicated the time could
increase by 25%.

With regard to the frequency of maintenance activities, a significant number of utilities
responded tha! such maintenance activities are performed every 18 months, indicating these
activities are completed during refueling and are routine (preventive) activities. This was
confirmed with followup phone calls to several utilities. The purpose of this question was to
determine the frequency of maintenance activities that would cause an analog channel to be
unavailable while at-power. Several utilities provided additional information over the phone to
more appropriately respond to this question. These responses indicate that maintenance on
the analog channels while at-power occurs relatively infrequently, in the range of once every
2 years up 1o once every o years.

Table 4.3 provides a summary of the typical and maximum times to perform test and
maintenance activities on the logic cabinets. This table also provides the utility response to
what the anti~oated impact of extended AOTs would be on the times to complete test and
maintenance activities on logic cabinets. As seen from Table 4.3, the typical time to perform
logic cabinet tests vanes from 1 hour to 4 hours and the maximum time varies from 1.5 hour
to 10 hours. This table also shows that the typical ime to perform maintenance activities
varies from 1 hour to 10 hours and the maximum time varnes from 2 hours to 24 hours. With
the extended AOTs, most utilities responded that no impact on the time to perform test or
maintenance activities is expected, although several indicated the time could increase by up to
50%.

With regard to the frequency of maintenance activities, a significant number of utilities
responded that such maintenance activities are performed every 18 months, indicating these
activities are completed during refueling and are routine (preventive) activities. This was
confirmed with followup phone calis to several utilities. The purpose of this question was to
determine the frequency of maintenance activities that would cause a cabinet to be
unavailable while at-power. Several utilities provided additional information over the phone to
more appropriately respond to this question. These responses indicate that maintenance on
the logic cabinets while at-power occuis at a frequency greater than once every 2 years.

Table 4 4 provides a summary of reactor trip information for the utilities that provided the
requested information. The information includes the total number of plant trips, the number of
trips that have occurred during plant startup and shutdown, and the number of trips related to
instrumerntation test and maintenance activities. The total number of plant startups and
shutdowns are also provided on this table. The information on this tabie indicates that a
significant number of tnps that have occurred are related to instrumentation test and
maintenance activities (>20%). indicating that these activities should be compieted with
caution and sufficcent time should be available to complete these activities in an orderly and
effective manner
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Table 4.3
Survey Summary - Logic Cabinets
Time 15 Porlors Tosts T'nne. to Perform Impact of AOT Extension
Plant (Typical/Maximum) Ilammnce 3
(Typical/Maximum) Test Time Maint. Time

Plant A (2 Units) 1.25 hi/2 hr 2 hr/4 hr no impact no impact
Plant B (1 Unit) 1 hr/3 hr 4 he/8 hr no impact no impact
Plant C (2 Units) 4 ht/6 hr 4 he/8 hr 50% incrs. 50% incrs.
Plant D (1 Unit) 4 hi/6 hr 6 hr/8 hr no impact ne impact
Plant E (1 Unit) 1.5 ht/3 hr 3 hi/5 hr no impact no impact
Plant F (2 Units) 1 hi/2 hr 8 hr/24 hr no impact no impact
Plant G (1 Unit) 4 hr/6 hr 4 hr/4 hr no impact no impact
Piant H (2 Units) 1.5 hv2 hr NR NR NR
Plant ! (2 Units) 4 hr/10 hr 4 hi/10 hr no impact 25% incrs.
Plant J (1 Unit) 2 hv/i2 hr 4.5 hr/8 hr 25% incrs. 25% incrs.
Piant K (2 Units) 3 he/6 hr 4 he/6 hr no impact no impact
Plant L (1 Unit) 1.5 he/2 hr no faiiures no impact no impact
Plant M (2 Units) 15h/15 hr not done at-power no impact not done at-power
Plant N (2 Units) 3 hr/4 hr 10 hr/12 hr no impact no impact
Plant O (2 Units) 2 hr/2 hr 1 he/2 hr no impact no impact
Plant P (1 Unit) 2 hi/3 hr 2 hr/4 hr no impact no impact

Notes: NR - no response
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Table 4 4

Survey Summary - Reactor Trips

Reactor Trips
Controlied
e Number | No.Duing | Mo.OUWNG | i Tt | inatru. Mait, | ™" | Shusdowns
Activities Activities
Plant A (2 Units) 16 1 6 3 1 32 16
Plant B (1 Unit) 11 1 1 1 3 17 7
Plant C (2 Units) 17 0 0 1 1 NA NA
Plant D (1 Unit) 19 0 0 4 1 27 7
Plant F (2 Units! 16 2 C 1 3 32 16
Plant G (1 Urat) ; 2 ¢} 1 0 1 20 13
Plant | {2 Units) 11 1 0 2 0 26 15
Plant J (1 Unit) 15 0 0 5 1 18 3
Plart K {2 Units) 24 4 8 6 6 32
Piant L (1 Unit) 2 0 0 0 2 16 5
Plant M (2 Units) 42 0 10 6 1 67 25
Piant N (2 Units) 15 0 3 2 1 39 24
Piant P (1 Unit) 7 1 1 0 1 16 10
Total 205 10 30 31 22 342 148

Notes: NA - not available
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total number of plant shutdowns. and the number of
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a summary of the total number
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of discretionary enforcements required to avoid shutdowns and the number of discretionary

nforcements required to avoid shutdowns specifically related to Technical Specification

strumentation 1Ssi

oflowup phone calls were held with the utilities that indicated they had to shut down the plant
ue t T¢ chnica Spec ficatior Instrumentation I1ISsues or avoided a ‘,rLng-]‘(,wfr\ related to

echnical Speciication instrumentation related i1ssues through discretionary enforcements

The purpose of these followup calls was to determine if an extended AQT for either the logic

abinets or the analog channels would have helped in avoiding either the shutdown or the
cretionary enforcement. The results from these calls showed that none of the shutgowns

id have been avoided with longer instrumentation AOTs and two discretionary
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tilitie Df o o est act hies n the ma rnty the ana ] channels in the "(‘l';-" i ¢ ‘ﬂ”
Therefore even tt 1N the channel may ¢ available, it 1s pertorn ] 1ts required safety
{ tion and piant safety is not degraded 5
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- Typically, test activities in bypass are limited to containment spray.

Currently. few utilities have the capability to test in bypass. Several utilities will have the
capability to routinely perform test and maintenance activities in bypass in the near future.
Therefore, very limited data is currently available concerning instrumentation configurations
with channels unavailable.

It is not common practice to have multiple channels measuring the same parameter out of

service simultaneously. The Technical Specifications address this situation and require a
plant shutdown.
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Table 45
Survey Summary - Shutdowns and Discretionary Enforcements

B Controlied | TS Required | '° "‘mﬁ"“ Avmm‘ 't | Avoided due to
W . Shutdowns Enforcement Disciet.
Enforcement
Plant A (2 Units) 16 7 0 7 1
Plant B (1 Unit) 7 1 0 & 0
Plant C (2 Units) NA 2 0 3 0
Plant D (1 Unit) 7 2 1 1 0
Plant F (2 Units) 16 0 0 2 0
Plant G (1 Unit) 13 3 1 1 1
Plant | (2 Units} 15 1 0 1 1
Plant J (1 Unit) 3 0 0 4 2
Plant K {2 Units) 3 c 6 0
Plant L {1 Unit) 5 0 0 0 0
Plant M (2 Units) 25 10 0 NA NA
Pilant N (2 Units) 24 0
Plant P (1 Unit) 10 1
Total 148 33 3 42

Notes: NA - not availabie
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Table 4.6
Survey Summary - Miscelianeous
Channsis Out | Percentage of Tests | L oonn inciuded in | Percent Time Plant
Plant of Service At the that Lead to s At-Pow
Same Time Maintenance y
Plant A (2 Units) no < 10% 50yr Unit 1 - 71%
Unit 2 - 86%
Plant B (1 Unit) no 10% 53yr 91%
Plant C (2 Units) very rare 10% 4.7 yr 90%
Plant D (1 Unit) no 10% 40 yr B0%
Piant E (1 Unit) NR 5% NR NR
Plant F (2 Units) no 10% 50 yr Unit 1 - 80%
Unit 2 - 82%
Plant G (1 Unit) no < 5% 48 yr 84°%
Piant H (2 Units) NR 1% NR NR
Plant | (2 Units) no 10% 57 yr 90%
Plani J (1 Unit) no 4% 38 yr 80%
Plant K (2 Units) no 106% NA 30%
Plant L (1 Unit) NA 25% 50 yr 75%
Plant M (2 Units) no 1% 60 yr 50%
Plant N (2 Units) no 2-3% 57 yr 76%
Plant O (2 Units) no {channel trip only) 10% 50 yr 80%
ves (transmitier work)
Plant P (1 Unit) no < 10% 59 yr 82%

Notes: NA - not available

NR - no response




5.0 TECHNICAL SPECIFICATIONS CHANGES TO BE EVALUATED

Onginal discussions with the WOG indicated interest in extending th2 AOTs for the analog
channels, logic cabinets, master relays, and slave relays up to 72 hrs and bypass times up to
72 hrs. As discussed in Section 3.0, a pre-meeting was held with the NRC to discuss the
program approach and changes being considered. Based on this discussion, it was decided
to change the AOTs being considered for the logic cabinets, master relays, and slave relays
1o 24 hours. Based on the results of the piant survey, discussed in Section 4.0, and additional
discussions with the WOG, it was further decided to leave the test time (or bypass time) for
the logic cabinets, master relays, and slave relays at the current (WOG TOP) values. The
current times appear to be adequate in most cases.

To model these AOTs in the fault trees to determine the impact of the changes on signal
unavailabiliies, several parameters need to be specified for component test and mairitenance
unavailabilities. These are the test and maintenance frequencies, and the time to compleie
the test and maintenance activities. These are discussed in more detail in the following

paragraphs.

Changes to the reactor tnp breaker test and maintenance parameters are not being addressed
in this analysis. These were addressed in the previous WOG TOP analysis, but were not
approved by the NRC.

51 TEST FREQUENCIES AND DURATIONS

The test frequency i1s specified by the Westinghouse Standard Technical Specifications,
therefore, the frequencies required by the Technical Specifications are used. The test
frequencies are listed on Tables 5.1 and 5.2 for the SSPS and relay protection system,
respectively. The actual test times (lime to complete a test) are plant specific. The only
control over the length of tests is provided by the AOTs in the Technical Specifications or by
the length of time the component is allowed to be in a bypassed state, also as specified in the
Technical Specifications. For logic cabinets, master relays. and slave relays, the AOT is the
maximum time the cabinet can be unavailabie or bypassed. For analog channels, the AOT is
the maximum length of time the channel can be unavailable or bypassed prior {0 being
required to place it in the trip state. Plants that do not have installed channel bypass
capability (most plants) cannot take advantage of this feature for testing. Due to these
hardware limitations, testing of analog channels in most plants is performed with the channel
in the tnpped state.

From Table 4 2 it is seen that the maximum times to perform tests on the analog channels
range from 2 hrs to 12 hrs and the typical times range from 0.75 hr to 8 hrs. Responses to
the survey also indicated that with extended times, the times to complete analog channels
tests are expected to be unaffected Based on this information, a 12 hour analog channel
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bypass time was evaluated in this study. This enveiops the maximum time provided in the
survey.

From Table 4.3 it is seen that the maximum times to perform tests on the logic cabinets range
from 1.5 hrs to 10 hrs and the typica! times range from 1 hr to 4 hrs. Responses to the
survey also indicated that with extended times. the times to complete logic cabinet tests are
expected to be unaffected. It was decided to use a 4 hour logic cabinet bypass time in this
study The 4 hour time envelops all of the typical times required to completed logic cabinet
tests and envelops many of the maximum times. Note that this is the same value that was
evaluated in the WOG TOP Program. It should also be noted that the results of some
preliminary sensitivity analyses, not documented in this report, indicatec that extending the
test or bypass times had a greater impact on the signal unavailability than extending the ACT
or maintenance time. The WOG was particularly interested in extending the AOT. so it was
decided to maintain the bypass time at the current value.

Note that in most Technical Speciiications, the logic cabinet AOT and bypass time also apply
to the master and slave relays, so a 4 hour bypass or test time will also be used for the
master and slave relays. The test times are summarnzed on Tables 5.1 and 5.2.

52 MAINTENANCE FREQUENCIES AND DURATIONS

Preventive maintenance is usually completed on analog channels and logic cabinets during

refueling outages. Corrective maintenance i1s done at-power when required. There is no set |
interval. Any maintenance activity that causes a channel or cabinet to be unavailable while at- |
power is of interest in this analysis. The previous WOG TOP study assumed that channel and |
logic cabinet maintenance occurred while the plant was at-power once per year. The results

of the survey indicate at-power maintenance occurs significantly less frequent than this (see

the discussion in Section 4.0 and Table 4-6). Table 4.6 shows that typically 10% or less of

the tests lead 1o maititenance, so if the test interval is 3 months, then maintenance activities

would typically be done every 30 months, which assumes that the majonty of component

faillures are usually found via teste. WOG TOP assumed that maintenance activities that

render the component unavailable while at-power occur once per year. This is a conservative

assumption that leads to conservative results which may be misleading: it provides an

unrealistically large increase in nsk. The maintenance intervals. or frequencies, in this study

will be based on the following:

Slave Relays: Maintenance activities will be performed when the relay is found to be
inoperable, following a test or an event that would cause an actuation. Preventive
maintenance is not performed on these relays at power. Therefore, the maintenance interval
is related to the probability of a slave relay fa.ing on demand. The calculation for
maintenance unavailability is based on the relay failure rate. This value is significantly less
than the maintenance unavailability based on a maintenance frequency of once per year
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Table 5.1

Summary of AOTs and STis fur the RPS and ESFAS

(Solid State Protection System)

Component Pre-TOP TOP Proposed
Analog Channels
- Maint. Time 1 hour 6+6 hours 72+6 hours
- Maint. Iinterval 2 years 2 years 2 years
- Test (bypass) Time 2 hours 4 nours 12 hours
- Test Interval 1 month 3 months 3 months
- Calibration Interval NEAP" NEAP’ 18 months
- Calibration Time NEAP NEAP' 4 hours
Logic Cabinets
- Maint. Time' 2 hours 6+6 hours 2446 hours
- Maint. interval 18 months 18 months 18 months
- Test (bypass) Time 1.5 hours 4 hours 4 hours
- Test Interval 2 months 2 months 2 months
Master Relays
- Maint. Time' 2 hours 6+6 hours 24+6 hours
- Maint Interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 1.5 hours 4 hours 4 hours
- Test Interval 2 months 2 months 2 months
Slavz Relays
- Maint. Time' 2 hours 6+6 hours 2446 hours
- Maint. interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 4 hours 4 hours 4 hours
- Test Interval 3 months 3 months 3 months
Reactor Trip Breakers
- Maint. Time 6 hours € hours 6 hours
- Maint. Interval 1 year 1 year 1 year
- Test Time 2 hours 2 hours 2 hours
- Test Interval 2 months 2 months 2 months
ofes’

1 - The "+ 6 hr" is the time provided in Tech Spec to enter the specified mode if the component
isn't returned to operable status.

2 - Maintenance interval is based on the component failure rate.

3 - Not Evaiuated At-Power (NEAP), in the past this activity has typically be done while shutdown.
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Table 5.2
Summary of AOTs and STis for the RPS and ESFAS
(Relay Protection System)
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indicating the relays fail significantly less than once per year. This is supported by the reliability
assessment of AR and MDR relays used in the SSPS provided in WCAP-13877 and
WCAP-14117 (References 4 and 5). Section 9 of WCAP-13877 shows there have been only

6 relay actuation failures in approximately 43.000 demands for AR relays. Section 9 of
WCAP-14117 shows there have been only 4 relay actuation failures in approximateiy 50,000
demands for MDR relays.

Master relays: Maintenance activities will be performed when the relay is found to be inoperable,
following a test or an event that would cause an actuation. Preventive maintenance is not
performed on these relays at power. Therefore, the maintenance interval is related to the
probability of a master relay failing on demand. The calculation for maintenance unavailability is
based on the relay fallure rate. This value is significantly less than the maintenance unavailability
based on a maintenance frequency of once per year indicating the relays fail significantly less
than once per year. Although detailed data collection on the master relays has not been
performed. their failure history is not expected to vary greatly from the slave relay experience.

Logic cabinets: Maintenance activities will be performed when the cabinet or a portion of the
cabinet is found to be failed, following a test or an event that would cause an actuation, which
leads to a repair activity that requires the cabinet to be declared inoperable. Therefore, the
maintenance interval is related to the probability of a component in the cabinet failing to function
when demanded. A detailed data collection has not been performed on the cabinets and no
similar data i1s available to easily justify an alternate maintenance frequency. From the discussion
in Section 4.0, the frequency of maintenance 1s reported to be at most once every two years
based on the limited information available. In Table 4 6 it was reported that 10% or less of the
tests on the instrumentation systems lead to maintenance activities. Since the logic cabinets are
tested every two months, a fallure would be expected approximately every 20 months per cabinet
based on the percentage of tests that lead to maintenance activities. For this analysis, the
maintenance interval will be 18 months.

Analog channels: Maintenance activities will be performed when a channel is found to be
inoperable, following a test or an event that would cause an actuation. Therefore, the
maintenance interval is related to the probability of a channel failing to function on demand. A
detailed data collection has not been performed on the channels and no similar data is available
to easily justify an alternate maintenance frequency. From the discussion in Section 4.0, the
frequency of maintenance is reported to vary from once every two years to once every 5 years
based on the limited information available. In Table 4.6 it was reported that 10% or less of tests
on the instrumentation systems lead to maintenance activities. Since analog channels are tested
every three months, a failure would be expected approximately every 30 months per channel
based on the percentage of tests that lead to maintenance activities. For this analysis, the
maintenance interval will be two years.
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The maximum time alicwed for maintenance activities, in which the component is unavailable or
prior to being placed in a tripped state, is limited by the Technical Specification AOTs. The actual
time in most cases is significantly less than the AOT value. The survey results discussed in
Section 4.0 confirm this (see Tables 4.2 and 4 3). In addition, with increased AOTs, utilities
responded in the survey that the time to complete maintenance activities is not expected to
increase, although a minority indicated the times may increase as much as 50%. But, for the
purposes of conservatism and since utilities may change maintenance practices/philosophies
once the longer AOTs are implemented. it will be assumed the total AOT will be used for
maintenance activities. Therefore, the analog channel AOT will be 72 hours and the AOTs for the
logic cabinets, master relays, and slave relays will be 24 houis.

From the survey. several of the utilities indicated that completing channel calibrations at-power
would be useful. These are required on an 18 month interval and require approximately 4 hours
to complete. An additional 4 hours unavailability every 18 months will be adoed 1o the test
unavailability value to account for this.

Tables 5.1 and 5.2 provide summaries of the AOTs and STis for pre-TOPs, WOG TOP, and for
the values being evaluated in this assessment for solid state protection systems and relay
protection systems. The values used for the SSPS and relay protection system differ due to the
different test and maintenance approaches required for each type of system. These differences
are discussed in more detail in Section 7.2.
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6.0 REPRESENTATIVE RPS AND ESFAS SIGNALS

The WOG TOP analysis evaluated all the RPS and ESFAS signals specified in the Technical
Specifications that are common to most plants. These are provided in Tables 3.2-2 and 3.2-3 of
Reference 2 for reactor tnp signals and in Tables 3.1-2 and 3.1-3 of Reference 3 for ESFAS
signals. During plant specific implementation of WOG TOP, justifications were provided to show
the applicability of the TOP changes to several additional signals. These are listed in Section
11.0 In addition, through the impiementation process, utilities also provided the justification of the
applicability of these changes to other signais not analyzed in WOG TOP. The analysis and
results discussed in the foliowing sections are applicabie to all these signals.

Not all the fault trees developed and quantified in the onginal WOG TOP were used in this current
analysis; only those considered representative of the results for most of the other fault tree
analyses. Only evaluating representative trees is adequate since many of the fault tree analyses
provided similar results in terms of signal unavailabilities and changes in signal unavailabilities.
Table 6.1 provides a summary of the signals that were used in this evaluation. The following
paragraphs provide the justification for using these signals.

One of the conclusions from the WO TOP work was that the ESF actuation signals can be
grouped, for signal unavailability type analyses, according to the number of master and slave
relays, logic cabinet type (relay or solid state), and actuation logic (2 of 3 versus 2 of 4). This
conclusion i1s irom ihe ESFAS unavailabiiity results in Reference 3.

Reactor tnip actuation signals can be grouped. for signal unavailability tyoe anaiywes, according to
logic type (relay or solid state) and actuation logic (2 of 3 versus 2 of 4), although for reactor trip
actuation signals it 1s necessary to consider signals from diverse sets of actuating sources
(diverse sets of analog channels) as well as from single sets of 2 of 3 and 2 of 4 logic. This can
be seen from reviewing the signal unavailability results in Reference 2.

Even though this program only considers analog processing of data (analog channels), the
analysis is applicabie to digital systems as justified by utilities implementing WOG TOP with the
Eagle 21 process protection system. Only changes to AOTs and bypass times are being
evaluated in this study and these affect the signal availability similarly between the two types of
process protection systems, as opposed to changes to surveillance test intervals or changes to
system designs which may impact component reliabiiity differently between the two system types.
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61 REPRESENTATIVE ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

From Table 3.3-1 in Reference 3, ESF actuation signals developed from the solid state protection
system model the following master/slave relay combinations:

1. safety injection, and containment spray and containment phase B isolation included two
master relays per train with each master actuating three slave relays

2. steamline .solation. main feedwater isolation, and auxihary feedwater pump start included one
master relay per train actuating two slave relays

The signal unavailability analysis results for safety injection with a solid state protection system
(see Reference 3, Table 3.6-6) and for containment spray and phase B isolation with a solid state
protection system (see Reference 3, Table 3.6-10) show that the signal unavailability values, with
common cause faiiures included, range from 9.7E-04 to 1.4E-03 for the Pre-TOP case and from
4 BE-03 to 6.6E-03 for Case 1. Case 1 is defined in Reference 3 on Table 3.1-1. These signals
are represented by the safety injection on pressurizer pressure low interiocked with P-11 which
has typical signal unavailabilities for this group of safeguard actuation signals.

The signal unavailability analysis results for steamline isolation with a solid state protection
system (see Reference 3. Table 3 6-7), main feedwater isolation with a solid state protection
system (see Reference 3, Table 3.6-8), and auxiliary feedwater pump start with a solid state
protection system (see Reference 3, Table 3.6-9) show that the signal unavailability values, with
common cause failures included, range from 5.0E-04 to 8 8E-04 for the pre-TOP case and from
2 2E-03 to 3 6E-03 for Case 1. These signals are represented by the auxiliary feecwater pump
start on steam generator level low-low in one loop signal which has typical signal unavailabilites
for this group of safeguard actuation signals

From Table 3.3-2 of Reference 3. ESF actuation signals developed from relay protection systems
use the following master/siave relay combinations:

1 safety injection included one master relay per train actuating six siave relays

2. steamline isolation, containment spray, and containment phase B isolation included one
master relay per train actuating three slave relays

3 auxihary feedwater pump start and main feedwater isolation included only one master relay
per train - the master relay directly actuates the equipment

The results for safety injection with a relay protection system (see Reference 3, Table 3.6-1) show

that the signal unavailability values, with common cause failures included, range from 6.7E-07 to
B8 1E-04 for the pre-TOP case and from 3 9E-03 to 4 5E-03 for Case 1. Case 1 is defined in
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Reference 3 on Table 3.1-1. These signals are represented by safety injection on pressunzer
pressure low interlocked with P-11 which has typical signal unavailabilities for this group of
safeguard actuation signals.

The results for main feedwater isolation with a relay protection system (see Reference 3,

Table 3.6-3). and for auxiliary feedwater pump start with a relay protection system (see
Reference 3, Table 3.6-4) show that the signal unavailability values, with common cause failures
included, range from 4 8E-05 to 1.3E-04, depending on the channel logic, for the pre-TOP case
and from 2 1E-04 to 3.9E-04 for Case 1, again depending on the channel logic. These signals
are represented by auxiliary feedwater pump start on steam generator level low-low in one loop
which has typical signal unavailabilities for this group of safeguard actuation signals.

The signal unavailability results for steamline isolation, containment spray. and containment
isolation fall beiween the results for the above two cases, and therefore will not be specifically

evaluated.

62 REPRESENTATIVE REACTOR TRIP ACTUATION SIGNALS

The results in Table 3.2-2 (Reference 2) for reactor trip with solid state protection systems show
that the signal unavailabilities. with common cause failures included, generally range from 9E-05
to 3E-04 for the pre-TOP case and from 1E-04 to 5E-04 (with a few as high as 8.9E-04) for Case
1. Case 1 is defined in Reference 1 on Table 4.3-2. The reactor trip signal on pressurizer
pressure high, with pre-TOP and TOP unavailability values of 9.5E-05 and 1.5E-04, respectively,
for 2 of 4 logic and pre-TOP and TOP unavailability values of 1.6E-04 and 3.2E-04, respectively,
for 2 of 3 logic, 15 used as the signal to represent reactor tnp signals generated from solid state
protection systems.

The results in Table 3.2-3 (Reference 3) for reactor trip with relay protection systems show that
the signal unavailabilities, with common cause failures included, generally range from 8E-05 to
3E "4 for the pre-TOP case and generally range from 1E-04 to 6E-04 for Case 1. The reactor
tnp signal on pressurizer pressure high, with pre-TOP and Case 1 unavailability values of 9.2E-
05 and 1 4E-04, respectively, for 2 of 4 logic and pre-TOP and TOP unavailability values of 1.6E-
04 and 3.0 E-04, respectively, for 2 of 3 logic, is used as the signai to represent reactor trip
signals generated from relay protection systems.

When signal diversity is considered, two or more signals (sets of analog channeis) that actuate
reactor tnp in response to an event, the source of the signals and the logic required (2 of 3 vs. 2
of 4) are not important contnbutors to signal unavailability. This is not evident from the
information provided in References 1 and 2. but can be seen by examination of the cutset results
from evaluations presented in this document (see Section 7). The representative signal for
diversity evaluations is the reactor tnp signal on pressurizer pressure high (2 of 3) or
oventemperature delta T (2 of 4)
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Summary of Signals Being Considered

Table 6.1

P o c:.‘:::::" y e
Si(1) SSPS 20f3 no
St (1) SSPS 20f4 no
Si (1) SSPS 20f3 yes
Si(1) SSPS 20f4 yes
Si(1) Relay 20f3 no
Si (1) Relay 20l 4 no
AFWPS (2) SSPS 20of3 no
AFWPS (2) SSPS 20f4 no
AFWPS (2) Relay 20f3 no
AFWPS (2) Relay 20f4 no
RT (3) SSPS 20f3 no
RT (3) SSPS 20f4 no
RT (4) SSPS Diverse no
RT (3) SSPS 20f3 yes
RT (3) SSPS 20of4 yes
RT (4) SSPS Diverse yes
RT (3) Relay 20f3 no
RT (3) Relay 2014 no
RT (4) Relay Diverse no

Notes:

1. Sl signal is from pressurizer pressure low interlocked with P-11.

2. AFWPS signa! is from steam generator ievel low-iow in one loop.

3. RT single source signal is from pressunzer pressure high.

4. RT diverse source signal is from pressurizer pressure high or overtemperature delta T.
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failures greater than two components and to remain consistent with approaches used in Individual
Plant Examinations.

The common cause failure approach and the approach to assess the unavailability of components
due 1o mainteriance activities are discussed further in the following paragraphs. The approaches
in these two areas have been changed to provide a more representative analysis.

omm Failures

The Multiple Greek Letter (MGL) method was used to determine common cause failure
contributions to signal unavailability in this analysis. This does not impact the common cause
contributions from the reactor trip breakers, master relays, slave relays, or logic cabinets, since
the MGL approach reduces to the Beta Factor approach when considenng failures of a two train
system. This change does impact the contributions from analog channels since these
components require failure of 2 of 3 logic and 2 of 4 logic.

in applying the Beta Factor approach to multiple failures of the reactor trip breakers, master
relays, slave relays. and logic cabinets, the following Beta factors were used:

+a.c

.
These are consistent with the values used in WOG TOP.
in applying the MGL approach to the analog channels, the following equations are used:
Failure of 3 of 4 components: Q x 8 x yx (1-6)/3 x no. of common cause cutsets
Failure of 4 of 4 components: Q x f x yx & x no. of common cause cutsets
Failure of 2 of 3 components: Q x B x (1-y)/2 x no. of common cause cutsets

Failure of 3 of 3 components: Q x 8 x yx no. of common cause cutsets

where: Q - component failure probability

+ac

The f. y. and & values are for electronic type components.

In determining the common cause contribution of the analog channels it is necessary to determine
the detection intcrval for component failures. Failure of some of the components that comprise

m 2099w wp!f 1d-060195 7-2



the channels will be detected within a shift, while others will only be detected dunng the channel
operability test (monthly for Pre-TOP implementation, and quarterly for TOP implementation and
the assumptions currently being assessed). Component failures that can be detected during a
shift are those that can be observed by control board scans. These include sensor and loop
power supply failures. Component failures that are only detectable by the channel operability test
are for comparators, output relays, and signal conditioning circuitry.

Cc nent Unavailabili to Maintenance Activiti

In WOG TOP it was assumed that maintenance activities on the reactor trip breakers, master
relays, slave relays, logic cabinets, and analog channels occurred once per year. This is a
conservative assumption as discussed in Section 5.2. Section 5.2 established another approach
for determining maintenance intervals. This approach is based on the component failure rates for
master and slave relays. and for instrumentation (analog channels and logic cabinets) it is based
on the response to the survey that 10% of the test activities iead to maintenance activities. The
maintenance interval for reactor tnp breakers was left at once per year. Using the component
fallure rate to determine the maintenance unavailability for the master and slave relays results in
relatively small component unavailabilities due to maintenance. This is supported by information in
References 4 and 5. These reports show that there have been few slave relay failures and ihat
only after a failure is identified is maintenance performed on the relays. Therefore, a small
contribution to relay unavailability from maintenance is expected. The following calculations
demonstrate the component maintenance unavailability approach.

Logic cabinet unavailability (TOP AOTs)

= 12 hours/activity x 1 activity/1.5 years x 1 year/8760 hours = 9.13E-04
where: 1 activity/1.5 years is from Section 5.2 (where the jus.ification is provided
for assuming a maintenance interval of 18 tionins)
12 hours is the AQT (6 hours) plus 6 hours tc enter next specified mode if
the component is not returned to service

Analog channel unavailability (TOP AOTs)

= 12 hours/activity x 1 activity/2 years x 1 year/8760 hours = 6 B5E-04
where: 1 activity/2 years is from Section 5.2 (where the justification is provided for
assuming a maintenance interval of 24 months)
12 hours is the AOT (6 hours) plus 6 hours to enter next specified mode if
the component is not returned to service
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Slave relay unavailability (TOP AOTs)

= 5.29E-07 failures/hour x 12 hours/failure = 6.35E-06
where: 5 29E-07 is the relay failure rate (Reference 3)
12 hours is the AOT (6 hours) plus 6 hours to enter next specified mode if
the component is not returned to service

Master relay unavailability (TOP AOTs)

= 5.28E-07 failures/hour x 12 hours/failure = 6 35E-06
where: 5.29E-07 is the relay failure rate (Reference 3)
12 hours is the AOT (6 hours) plus 6 hours to enter next specified mode if
the component is not returned to service

72  ASSUMPTIONS

The following presents the key assumptions for developing the fault tree models with regard 1o
test and maintenance activities. Mast of these are presented in References 1 and 3, but are
repeated here for convenience.

721 ANALOG CHANNELS

These assumptions are applicable to the analog channels as they are used in both the relay
protection systems and solid state protection systems.

1. Analog channel testing and calibration activities are performed in the bypassed state. All
plants do not test in bypass, but for those that do this is representative and for those that do
not, this is conservative.

2 Simultaneous testing or calibration of more than one analog channel is assumed to occur on a
random basis. This is not a standard practice, but simplifies the fault tree modeis and is

conservative.

3. Maintenance of the analog channels is performed in the bypassed state. This represents
actual plant practice. Only corrective maintenance is performed at-power

4. Simultaneous maintenance activities on more than one analog channel is assumed to occur
on a random bas:s.

5. Bypass times for test and calibration activities and allowed outage time for maintenance
activities used in the analysis are discussed in Section 5.0.
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722 SOLID STATE PROTECTION SYSTEM

The following assumptions are applicable to the logic cabinets, reactor tnp breakers. master
relays, and slave relays in a SSPS.

1. Testing of the logic prohibits automatic actuation of the entire associated train. This i1s
consistent with hardware design and is necessary 1o allow at-power testing. The redundant
train remains operable and capable of providing all protective features.

2. Maintenance of the logic cabinets is assumed to prohibit actuation of the entire associated
train. This 1s consistent with actual practice or conservative,

3. Testing of the reactor tnp breakers prohibits actuation of the breaker in test. The bypass
breaker corresponding to affected breaker is placed into service and will be actuated by the
logic cabinet in the unaffected train. This is consistent with actual practice.

4  Maintenance of the reactor tnp breakers prohibits actuation of the breaker in maintenance.
The bypass breaker corresponding to the affected breaker is placed into service and will be
actuated by the logic cabinet in the unaffected train  This is consistent with actual practice.

5 Testing of the master relays prohibits actuation of the entire associated train. This is
consistent with the test circuitry provided for the master relays and represents actual practice.

6. Maintenance of the master relays makes the affected master relay and all associated slave
relays inoperable. This is consistent with the design of the actuation relays.

7. The ESFAS signal is assumed to be unavailable if the equivalent relays, either master or
slaves, in the redundant trains are unavailable. That is, if the relays that actuate the high
head safety injection pumps in each train are unavailable, the ESF function is assumed to be
unavailable. This is conservative since partial system failures are equated to total system

failures. A less conservative approach, while appropriate, would require a significant increase

in the complexity of the fault trees.

8. Testing and maintenance of slave relays was modeled assuming that only the affected relay is

inoperable. This 1s consistent with actual practice or conservative. in many cases the test
actuates the associated components, therefore, the components remain available. However,
in some cases actuation of the components 1$ blocked rendering the components unavailable

for automatic actuation. Since the latter test scheme represents the limiting case, it was used

for the model.
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9. The number of master and slave relays actuated by an ESFAS signal vanes from signal to
signal and is a function of the number of components required to be actuated. Based on a
review of several SSPS plant specific designs, the following is included in the models:

- Safety Injection, and Containment Spray and Phase B Isolation: two master relays each
dnving three slave relays

- Steamline Isolation, Main Feedwater Isolation, and Auxiliary Feedwater Pump Stant: one
master relay driving two slave relays

723 RELAY PROTECTION SYSTEM

The hardware design varies for the relay protection system as discussed in Reference 3. A
bounding configuration was identified by a review of several designs. The following assumptions
are applicable to the logic cabinets, reactor trip breakers, master relays, and slave relays in a
relay protection system.

1. ltems 1 to 7 in Section 7.2.2 for the SSPS are applicable to relay protection systems also.

2. Maintenance of the slave relays was modeled assuming that the affected relay is inoperable.
This is consistent with the SSPS modeling. Testing of the slave relay was modelec as to
prohibit actuation of the entire associated train. This is consistent with pracice or
conservative.

3. The number of master and slave relays actuated by an ESFAS signal varies from signal to
signal and is a function of the number of components required to be actuated. The following
1s included in the modeis:

Safety Injection: one master relay driving six slave relays

Steamline isolation, and Containment Spray and Phase B Isolation: one master relay
driving three slave relays

Auxiliary Feedwater Pump Start and Feedwater isolation: one master relay directly driving
the required components (no slave relays)

73 FAULT TREE MODELS

Signal specific fault trees were used for each signal evaluated. These were discussed in Section
6.0 and are listed on Table 6.1. Most of the fault trees used in this analysis came directly from
References 1, 2 or 3, but several were developed specifically for this analysis. The fault trees
required to be developed were for signals that credited operator action 1o initiate reactor tnp or
safety injection. These included: 1) safety injection with the SSPS and 2 of 3 or 2 of 4 channel
logic, 2) reactor tnip with the SSPS and 2 of 3 or 2 of 4 channel logic, and 3) reactor trip with the
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SSPS and diverse actuation signals. It was also necessary to develop the fault tree for reactor
trp with the SSPS and diverse actuation signal without operator action.

The fault trees for safety injection and reactor trip with 2 of 3 or 2 or 4 channel logic and operator
action were simply developed by adding an operator action under an "and" gate with the
automatic signal generated by the SSPS. The reactor trip tree with diverse actuation signals was
developed by adding a second set of logic and analog channel components under an "and” with
the first set of logic and analog channel components. The reactor trip fault tree with diverse
actuation signals and operator action was developed by adding an operator action under an "and"
gate with the diverse actuation signals. A human error probability of 0.01 was used for these
actions. This is consistent with the values used for identical operator actions in several IPEs.
The fault trees developed for WOG TOF formed the basis for these newly developed trees. All
the fault trees used in this analysis are included in Appendix D.

The fault trees were quantified with the WesSAGE Computer Code (Reference 6). WesSAGE is
a software tool used to develop and quantify fault trees. The output of the code provides the
mean probability of failure and cutsets for the requested gate(s). The gates of interest were
typically the top gate, safety function unavailable, and the gate corresponding to the signal
generated by the logic cabinet.

74 RESULTS OF THE SIGNAL UNAVAILABILITY ANALYSIS

The signal unavailabilities for the representative safety injection and auxiliary feedwater pump
start functions are provided on Tables 7.1 and 7.2 for the solid state and relay protection systems,
respectively. The signal unavailabilities for the representative reactor tnp function are provided on
Tables 7.3 and 7.4 for the solid state and relay protection systems, respectively. On these
tables, unavailability values, with and without common cause contributions, are given for the Pre-
TOP, TOP, and Proposed cases for failure of the signal given both trains are supported and given
only a single train is supported. The AOTs, bypass times or test times, surveillance test intervals,
and maintenance intervals that correspond to these three cases are provided on Tables 5.1 and
5 2 for the SSPS and relay protection system, respectively. As discussed in Section 6.0, the
following representative signals were used in the unavailability evaluation:

Solid State Protectior: System:

1. Safety ijjection on pressurnizer pressure low interlocked with P-11: representative of the safety
injection, and the containment spray and phase 8 isolation signals.

2. Auxiliary feedwater pump start on steam generator level low-low in one loop: representative of
the auxiliary feedwater pump start. steamiine isoiation. and main feedwater isolation signals.

3. Reactor tnp on pressurizer pressure high: representative of all single source reactor trip
signals

4 Reactor trip on pressurizer pressure high or overtemperature delta T: representative of all
diverse source signals

~d
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Table 7.1
Summary of Safety Injection and Auxiliary Feedwater Pump Start Signal
Unavailabilities - Solid State Protection System

Signal

| 1
b i i .___a,.'

Pre-TOP TOP
1.18E-03 40E-03
1.52E-04 ) 38E-C

| Sl - 2/4 logic w/CCF

| S| - 2/4 logic, w/o CCF

-
|

| SI-2/4 logic w/OA, w/CCF ‘ 6 - 36E -
O0E-

2.89E-C

| S| - 2/4 logic wOA, w/o CCF

[ ————S—————————
|
|
|

| S| - 2/4 logic, 1 train, w/CCF

[ S| - 2/4 logic, 1 train w/o CCF
SI - 2/4 logic, 1 train w/OA, w/CCF

| Sl - 2/4 logic, 1 train w/OA, w/o CCF

S e ———————

"

| SI - 2/3 logic, w/CCF

5 57E-0¢

| Si - 2/3 logic, w/o CCF

R s, [ USS—— = ——

2/3 logic w/OA, w/CCF 5.91E- 7.45E -

2/3 logic w/OA, w/o CCF 33E-05 | 9.73E-05

2/3 logic, 1 train, w/CCF - 83E-

- 2/3 logic, 1 train, w/o CCF ; 02 . 76E-02

| Sl - 2/3 logic, 1 train w/OA, w/CCF -02 2.42E-

| SI - 2/3 logic, 1 train w/OA, w/o CCF -02 2.42¢E-

| AFWPS - 2/4 logic, w/CCF | & -0 7 01E-0

9 57E-05
| 43E-02
{ 42E-02

. 14E-03

| AFWPS - 2/4 logic, w/o CCF

—

! AFWPS - 2/4 logic, 1 train. w/CCF

AFWPS - 2/4 logic, 1 train. w/o CCF

| AFWPS - 2/3 logic, w/CCF

2. 50E-04
1. 47E-02 66E-02
1.45E-02 | 64E-02

| AFWPS - 2/3 logic, w/o CCF

‘ AFWPS - 2/3 logic, 1 train, w CCF

'}-———»_—~_—1- e E——

| AFWPS - 2/3 logic, 1 train, w/o CCF

:
|
|

Si Snf(j?y inlection
AFWPS: Auxiliary Feedwater Pump Start
CCF: Common Cause Failures

tor Action




Table 7.2

Summary of Safety Injection and Auxiliary Feedwater Pump Start Signal
Unavailabilities - Relay Protection System

Signal Pre-TOP TOP Proposed

Si - 2/4 logic, w/CCF 7.12E-04 9.84E-04 1.02E-03
St - 2/4 logic, w/o CCF 8.96E-05 2.23E-04 2.55E-04
SI - 2/3 logic, w/CCF 1.00E-03 1.82E-03 2.49E-03
8! - 2/3 logic, w/o CCF 2.01E-04 5.39E-04 1.20E-03
AFWPS - 2/4 logic, w/CCF 7.19E-05 1.51E-04 1.61E-04
AFWPS - 2/4 logic, w/o CCF 3.87E-06 8.70E-06 1.88E-05
AFWPS - 2/3 logic, w/CCF 2 45E-04 5.85E-04 1.09E-03
AFWPS - 2/3 logic, w/o CCF 8.00E-05 1.62E-04 6.65E-04

SI. Safety Injection

AFWPS. Auxiliary Feedwater Pump Start

CCF: Common Cause Failures
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Table 7.3
Summary of Reactor Trip Signal Unavailabilities
Solid State Protection System

Signal TOP | Proposed

2/4 logic, w/CCF 1.99E-04 2.13E-04

2/4 logic, w/o CCF 6 -06 1.10E-0f 2 A47E-05

2/4 logic w/OA, w/CCF . 79E-05 1.93E-0f 98E-05

T - 2/4 logic w/OA, w/o CCF 9.06E-07 1 59E-06 2.08E-

2/3 logic, w/CCF ' 2 6.34E -0« 14E
1.65E- 6.68E-(C

2/3 logic, wi

2/3 logic w/OA 291E

2/3 logic w/OA

8.61E-
3.23E-(

diverse signals

e —————p——

I - diverse signals CCF ( 2.42E-06 , 3.37E-

1.80E-

|
diverse signals w/OA. w/o CC ' / I 52E- 1.89E-

Reactor Trip
CCF. Common Cause Failures
OA: Operator Action




Table 7.4
Summary of Reactor Trip Signal Unavailabilities
Relay Protection System

Signal Pre-TOP TOP Proposed
RT - 2/4 logic. w/CCF 7.78E-05 1.57E-04 1.69E-04
RT - 2/4 logic, w/o CCF 4.01E-06 8.87E-06 2.16E-05
RT - 2/3 logic, w/CCF 251E-04 5.91E-04 1.09E-03
RT - 2/3 logic. w/o CCF 8.02E-05 1.62E-04 6.65E-04
RT - diverse signals, w/CCF 2.29E-05 2.73E-05 2.89E-05
RT - diverse signals, w/o CCF 3.65E-06 8.10E-06 9.70E-06

RT. Reactor Trip
CCF: Common Cause Failures
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Relay Protection System
1. Safety injection signal: representative of the safety injection signa
Auxiliary feedwater pump start signal: representative of the auxiliary feedwater pump stan
signal and the main feedwater lation signal
The signal unavailability res r steamiine i1solation, containment spray and containment
he results for the safety injection and auxiliary feedwater pump

isolation signals fall betwi

start signals, so they re not specifically evaluated. it will be conservatively assumed that

the representative safety injection signal represents these signals als«

Reactor tnip on pressunzer pressure high: representative of all single source reactor trig

signals

Reactor tnp on pressurnizer pressure high or overtemperature delta 7. representative of all

diverse source gnais
From Tables 7.1 through 7.4, the following general conclusions are reached. Several of these

conclusions were previously provided in Reference 3

The unavailabilities of engineered safety features actuation signals and the reactor trip

actuation signals with 2 of 4 logic are lower than those corresponding signals with 2 of 3 logic

The unavailabilities of engineered safety features and the reactor trip actuation signals with

it for an alternate actuation by operator action are lower than those corresponding signals

without the operator action

tvt s

mmon cause failure contributions account for a considerable part of the total signal

unavailability

The increase in signal unavailability, with common cause failure contributions included. from

P Case to the Proposed Case is significantly less than the increase from the Pre-TOP

e to the TOP Case

T

signal unavaiaoities and changes in signal unavailabilities between the three cases f

{

 relay protection system are comparable 10 or less than the corresponding solid state

protection system signals

The unavailabilities for the auxiliary feedwater pump start signal are lower than the
unavatabiliies of the safety injection signal (without operator action). As seen in the
Jiscussion beiow, this s pnmanly due to the number of master and slave relays modeled in
each of these signals

1t

provide a breakaown of ihe signal unavailability by contributors

onents, listed separately are the 1) random failures. test. and maintenance

T -
’r”,

1d Slaves) and 10giC ¢ ets, 2) random failures, test. and maintenance




the analog channels, 3) common cause failures of the slave relays, 4) common cause failures of
the master relays, 5) common cause failures of the logic cabinets, and 6) common cause failures
of the analog channels. This information is primarily provided only for signals generated by the
SSPS with 2 of 4 logic. In addition to the signal unavailability, the percent contribution for each
contributor to the total signal unavailability is provided.

From this information it is concluded that the contribution, or importance, of the analog channels
and logic cabinets is significantly reduced when an operator action to actuate the protective
feature i1s included in the model. The reason for this is that the operator action provides an
alternate path, separate from the analog channels and logic cabinets, to actuate the master and
slave relays or the reactor trip breakers. This 1s evident by comparing the results provided on
Table 7.5 with those on Table 7.6 for safety injection signals and by companng the results
provided on Table 7.8 with those on Table 7.9 for the reactor trip feature. It is also concluded
from this information that when diversity of signals to generate a reactor trip is considered, again
the contribution, or importance, of the analog channels and logic cabinets is significantly reduced.
This is related to the additional analog channels or logic trains that need to fail for the signai to
fail. This is evident from a comparison of the results provided on Table 7.8 with those on Table
7.10. It s further concluded that when diversity of signals to generate a reactor trip is considered
along with an operator action to generate the same trip, the components of primary importance
are the reactor trip breakers. In this case multiple analog channels or logic trains need to fail in
addition to the operator action, and since the operator action, for the most part, is a backup to the
logic cabinets and analog channels, these components are reduced to smail contributors to signal
unavailability. This can be seen by reviewing the results provided on Table 7.11 and comparing
them with the results on Tables 7.8, 7.9, and 7.10.

It 1s also concluded from these tables that the primary di'ic-ence between the unavaiiability of the
safety injection signal and the auxiliary feedwater pump start signal is related to the number of
master and slave relays required for success of the protective feature. As noted in Section 6.1,
the safety injection function includes two master relays per train with each master actuating three
slave relays and the auxiliary feedwater pump start signal inciudes one master relay per train
actuating two slave relays. Due to the additional master and slave relays required for the safety
injection signal, there aie more component failure combinations that will lead to failure of the
signal. This can be seer f-om a comparison between the contributor breakdown provided on
Table 7.5 for the safety injection signal and the breakdown provided on Table 7.7 for the auxiliary
feedwater pump stant signal. In particular, this is illustrated by a comparison of the common
cause contributions for the master and slave relays.

Similar conclusions would apply if the detailed signal unavailability contributors were provided for
signals generated from 2 of 3 logic or from relay protection systems. These conclusions are
independent of the type of logic cabinet and analog channel logic.
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Table 7.5

Breakdown of Signal Unavailability Contributors
SSPS Safety injection: Pressurizer Pressure Low (2/4) Interlocked with P-11

———y - —_— ——

Unavailability Contributions

Contributor L Pre-TOP Case = TOP Case Proposed Case
e [ S LD éUnavai!:—;bHity{L Percent Unavailability Percent Unavailability Percentaq
EParm:»m fallures, test, and maint
imnosavc and logic cabinets % 151E04 | 128 2 33E-04 16.6 2.49E-04 174 |
i_ Analog channeis S i 9 21E-Q7 0.1 4 50E-06 0.3 2.37E-05 16 4}
Subtotal 1.52E-04 129 2.38E-04 169 | 2.73E-04 190
Common cause failures §
Siave relays | 521€-04 443 521E08 | 372 | 521604 | 383
_Af\fa‘;m.' relays .. i 1.16E-04 GE 1.16E-04 83 1.16E-04 8.1
.r Logic cabinets ! 3.15E-04 { 268 3.15E-04 | 225 3.15E-04 220
‘Lwﬁnaiog channels 7 1€E-05;___r 6.1 2.10E-04 150 2.10E-04 14.7
|- Subtotal 1 02E-03 T 86.8 116E-03 83.0 { 16E-03 811
i_*.mal  1.18E-03 i[ (1) 1.40E-03 (1) 1.43E-03 (1)
Notes: 1 - The total may not equal 100% due to round off
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Table 7.6

Rreakdown of Signal Unavailability Contributors
SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interlocked with P-11 with Operator Action

Unavailability Contributions
Contributor Pre-TOP Case TOP Case Propcsed Case
Unavailability| Percent |Unavailability| Percent |Unavailability| Percent

Random failures, test, and maint.
- Relays and logic cabinets 4.72E-05 69 9 41E-05 128 1.00E-04 135
- Analog channels S.21E-09 00 4 50E-08 0.0 2.37E-07 0.0
- Subtotal 4.72E-05 6.9 9 41E-05 128 | 1.00E-04 135
Common cause failures
- Slave relays 5.21E-04 75.7 521E-04 708 5.21E-04 702
- Master relays 1.16E-04 16.9 1.16E-04 158 1.16E-04 156
- Logic cabinets 3.15E-06 05 3.15E-06 04 3.15E-06 04
- Analog channels 7.16E-07 0.1 2.10E-08 0.3 2.10E-06 03
- Subtotal 6.41E-04 932 6.42E-04 87.3 6.42E-04 86.5
Total 6.88E-04 (1) 7.36E-04 (13 7.42E-04 (1)

Notes: 1 - The total may not equal 100% due to round off.
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Table 7.7
Breakdown of Signal Unavailability Contributors
SSPS Auxiliary Feedwater Pump Start: Steam Generator Level Low-Low in One Loop (2/4)

Unavailability Contributions

Contributor } Pre-TOP Case { TOP Case I Proposed Case
-t i_ navailability Percent Unavaiiability Percent Unavaé!abilityALEz:En_tm«
Random failures, test, and maint |
Relays and logic cabineis 1 5.93E-05 10.0 S 42E-05 134 1.05E-04 146 j
mAnahwg channels 521E-07 0.1 | 1.48E-06 0.2 1.32E-05 1.8
Subtotal | 5.88E-05 10.1 8 57€E-05 136 1.18E-04 16.4
Common cause failures |
Siave reiays Y 1.74E-04 29.5 1.74E-04 24 8 1 TA;E-OA 24 0 - 4
EE—— —- — - —q
Master relays 5.79E-05 9.8 5.79E-05 8.3 5.79E-05 8.0 |
- Logic cabinets 2. 60E-04 44 0 2 60E-04 371 2.60E-04 359 7
Analog channeis 3.90E-05 6.6 1.13E-04 16.1 1.13E-04 156
Subiotal 5.31E-04 899 6 05E-04 86.3 6.05E-04 83.5
Total 591E-04 (1) 7.01E-04 (1) 7.24E-04 (1)
Notes: 1 - The total may not equai 100% due to round off
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Tabie 7.8
Breakdown of Signal Unavailabiiity Contributors
SSPS Reactor Trip: Pressurizer Fressure High (2/4)

Unavailability Contributior.s
Contributor Pre-TOP Case TOP Case Proposed Case
Unavailability Percent | Unavailability| Percent |Unavailability| Percent

Rar.oom failures, test, and maint.
- Trip breakers and logic cabinets 5.95E-06 49 9.51E-06 48 1.15E-05 54
- Analog channels 5.21E-07 04 1.49E-06 0.7 1.32E-05 6.2
- Subiotal 6.47E-06 53 1.10E-05 55 2.47E-05 116
Common cause failures
- Tnp breakers 1.60E-05 13.3 1.60E-05 80 1.60E-05 75
- Logic cabinets 5.90E-05 490 5.90E-05 296 5.90E-05 27.7
- Analog cabinets 3.90E-05 324 1.13E-04 56.8 1.13E-04 53.1
- Subtotal 1.14E-04 947 1.88E-04 94 4 1.88E-04 883
Total 1.20E-04 (1) 1.99E-04 n 2.13E-04 (1

Notes: 1 - The total may not equal 100% due to round off.
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Table 7.9

Breakdown of Signa! Unavailability Contributors
SSPS Reactor Trip: Pressurizer Pressure High (2/4) with Operator Action

Unavailability Contributions
Contributor Pre-TOP Case TOP Case Proposed Case
Unavailability| Percent |Unavailability| Percent |Unavailability| Percent

Random failures, test, and maint.
- Tnp breakers and logic cabinets S 01E-07 50 1 58E-06 82 1.95E-06 98
- Analog channels 5.21E-09 00 1.49E-08 0.1 1.32E-07 0.7
- Subtotal 9.06E-07 50 1.58E-06 83 2. 0BE-06 105
Common cause failures
- Tnp breakers 1 60E-05 895 1.60E-05 828 1 60E-05 8c3
- Logic cabinets 5.90E-07 33 5 90E-07 3.1 5.90E-07 30
- Anaiog cabinets 3.90E-07 22 1.13e-06 59 1.13E-06 57
- Subtotal 1.70E-05 95.0 1.77E-05 918 1.77E-05 895
Total 1.79E-05 (1) 1.93E-05 (1) 1.98E-05 (1)

Notes: 1 - The total may not equal 100% due to round off.
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Tabie 7.10

Breakdown of Signal Unavailability Contributors
SSPSMWTﬁp:PmMummth(m)WOWMT(ZM)

Unavailability Contributions
Contributor Pre-TOP Case TOP Case Proposed Case
Unavailability| Percent | Unavailability| Percent |Unavailability| Percent

Random failures, test, and maint
- Tnp breakers and logic cabinets 1.13E-06 38 1.92E-06 6.1 2.36E-06 73
- Analog channels 2 19E-08 01 1 81E-07 06 6.96E-G7 2.1
- Subtotal 1.15E-06 39 2.10E-06 67 3.06E-06 94
Common cause failures
- Trip breakers 1.60E-05 53.2 1.60E-05 51.1 1.60F 05 496
- Logic cabinets 1.29E-05 429 1.29E-05 412 1.29E-05 400
- Analog cabinets 367E-08 0.1 3.15E-07 1.0 3.15E-07 1.0
- Subtotal 2.8SE-05 96.2 2.92E-05 83.3 2.92E-05 906
Total 3.01E-05 {n 3.13E-05 {1 3.23E-05 (1

Notes: 1 - The total mav not equal 100% due to round off.




G61090-P 1 JdM Ma808 W

02-¢

Table 7.11

Breakdown of Signal Unavaiiability Contributors
SSPS Reactor Trip: Pressurizer Pressure High (2/3) or Overtemperature Delta T {2/4) with Operator Action

Unavailability Coniributions
Contributor Pre-TOP Case TOP Case Proposed Case
Unavailability Percent Unavailability] Percent Unavailability | Percent

Random failures. test. and maint.
- Tnp breakers and logic cabinets 8 72E-07 51 1.52€-06 86 1.BBE-06 1c4
- Analog channels 2.19E-10 00 1 B1E-09 00 6.96E-09 0.0
- Subtotai 8 72E-07 51 1. 52E-06 86 1 89E-06 104
Common cause failures
- Tnp breakers 1 60E-05 94 1 1.60E-05 90.7 1.60E-05 888
- Logic cabinets 1.29E-07 08 1.29E-07 .7 1.29E-07 0.7
- Analog cabinets 367E-10 00 3.15E-09 00 3.15E-09 00
- Subtota! 1 61E-05 949 1 61E-05 914 1 61E-05 895
Total 1.70E-05 (M 1.76E-05 {1) 1 BOE-05 (1)

Notes: 1 - The total may not equal 100% due to round off.




clusions regarding diversity of signals and operator action backup to initiate the protective
are imponant when assess ng the impact of the fr~(1"Q;;~(;‘ in the signal unavailability or
S impornant 10 realize that ali of the reactor trip signals are backed up by either a
signa!l ¢ s lor action, and in many cases by bott This ¢ also true for enqgineered
leatures actuation signals. Many of these signals, dependent on the specific event being
nsigered, can be generated by diverse sources or by operator actions. This is further

discussed in Set

isets leading t the signal for a sample of safety injection, auxiliary feedwater

pump £tart, and reactor tnp signals are provided in Tables 7.12, 7.13, and 7.14. Table 7 1¢
provides a key to the basic event identifiers used in these tables. These identifiers correspond to
the fault trees in Apperdix D. The cutsets provided for the safety injection signal are for

ure low with 2/4 logic interlocked with P-11. The cutsets provided for the

iary feedwater pump start signal are for steam generator level low-low In One loop with

The cutsets provided for the reactor trip signal are for pressunzer pressure high with 2/
represent more than 90% of the total signal unavailability in each case. Itis
that failure of the master relays, slave reiays, logic cabinets, and anaiog

cause are the major contribu S 10 signal unavatabiity

unavailability analvsis 1t 1s concluded that the Technical Epf—v«‘ixfﬂ.‘d!m!,
considered in this assessmernt have a minor impact on the availability of the

and engineered safety features actuation signals. This 1s particularly evident for

1S that are backed by either diverse actuation signals or operator actions. !t is further

1ged that the impact of the changes on signa! unavailability for the SSPS can be used (¢
nt the impact of the changes on signals generated by the relay protection system. This is
a review and companson ot the signal unavailability results for the relay protection
m with the results e SOPS uch a companson indicates that the change or difference
availability values fro e Pre-TOP Case to the TOP Case and from the TOP Case 10 the
ase are nearly the same for b ypes of protection systems. In addition, the signal
ity values for the lay protection ¢ T > consistently smailer that those for the

Based on this. it is conclude al the SSPS results are representative of the relay

ay
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37

38

39
40
41
42
43

521E-04
3 15E-04
2 10E-04
1.16E-04
1 44E-05
1 44E-05
9 45E-06
9 45E-06
9 45E-06
9 45E-06
5 93E-06
5 93E-06
5 93E-06
5 93E-06
3.52E-06
3.52E-06
3 52E-06
3 52E-06
3.52E-06
3.52E-06
3 52E-06
3 52E-06
3 52E-06
3 52E-06
3 52E-06
3 52E-06
3.23E-06
3 23E-06
3 23E-06
3 23E-06
3 23E-06
3 23E-06
3 23E-06
3.23E-06
3 23E-06
3.23E-06
3 23E-06
3 23E-06
3 13E-06
2.35E-06
2 35E-06
2.35E-06
2 35E-06

Table 7.12
Dominant Cutsets for Signal Failure - Proposec Case
SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interincked with P-11

CCF. SLAVE RELAYS

CCF: LOGIC CABINETS
CCF: ANALOG CHANNELS
CCF: MASTER RELAYS

SSPSB
SSPS1
MRDM
MRCM
-MRDM
-MRCM
ACH
AC1H
AC1
AC2
SRD3MB
SRD2MB
SRD1MB
SRC3MB
SRC2MB
SRC1MB
SRF3MB
SRF2MB
SRF1MB
SRE3MB
SRE2MB
SRE1MB
SSPSB
SSPS1
SEPSB
SSPS1
SS8PSB
SSPS1
SSPSB
SSPS1
SSPSB
SSPS1
-SRC1T
SRC1T
SSPsSB
MRDMB
MRCMB
MRFMB
MREMB

TAT
TAT
MRFM
“MREM
MPFM
MREM
AC2
AC2
AC3
AC3
TAT
TAT
TAT
TAT
TAT
TAT
TAT
TAT
TAT
TAT
TAT
TAT
-SRD3T
SRD3T
-SRD2T
SRD2T
-SRD1T
SRD1T
-SRC3T
SRC3T
-SRC2T
SRC2T
SSPSB
SRE1T
SSPS1
TAT
TAT
TAT
TAT

TBT
TAT
TAT
TAT
TAT
AC3
AC4
AC4
AC4
87
TBT
BT
TBT
TBT
BT
-TBT
TBT
-TBT
TBT
-TBT
-TBT
SRF3T
-SRF3T
SRF2T
-SRF2T
SRF1T
SRF1T
SRE3T
-SREST
SRE2T
-SRE2T
SRE1T
SSPS1

TBT
TBT
-TBT
-TBT

See Table 7.15 for descriptions of basic event identifiers.
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Table 7.13

Dominant Cutsets for Signal Failure - Proposed Case

SSPS Auxiliary FW Pump Start: Steam Generator Level Low-Low in One Loop (2/4)

2 60E-04
1.74E-04
1.13E-04
5. 79E-05
1.25E-05
1.25E-05
6 59E-06
6.59E-06
4 19E-06
10 4 19E-06
1 4.19E-06
12. 4 19E-06
13 3.31E-06
14 3 31E-06

CORLNDDAWN =

15 3 31E-06
16 3.31E-06
17 2 78E-06
18 2 78E-06
19. 2 35E-06
20 2.35E-06
21. 2.35E-06
22 2 35E-06
23 2 21E-06
24 2. 21E-06
25 2.21E-06
26. 2.21E-06
27. 1.57E-06
28 1.67€-06
29 1.46E-06
30 9 91E-07

31 9 91E-07
32 9. 91E-07
33 9 91E-07
34, 7.89E-07
35 7 B9E-07
36 7 BOE-07
37 7 B9E-07

CCF: LOGIC CABINETS
CCF: SLAVE RELAYS
CCF: ANALOG CHANNELS
CCF. MASTER RELAYS

MRCM “MRDM “TAT
-MRCM MKDM TAT
SSPS -TAT TBT
SSPSB TAT -TBT
MRCM -MRDM -SRC2T
-MRCM MRDM SRC2T
-SRC1T MRCM SRD1T
SRC1T -MRCM -SRD1T
AC1 AC2 AC3
AC1 AC2 AC4
AC1 AC3 AC4
AC2 AC3 AC4
-MRCM SSPS MRDM
MRCM -MRDM SSPSB
SRC1MB -TAT 8T
SRC2MB -TAT TBT
SRD2MB TAT -TBT
SRD1MB TAT -TBT
SSPS -SRC2T SRD2T
SSPSB SRC2T -SRD2T
-SRC1T SSPS SRD1T
SRC1T -SRD1T SSPSB
MRCMB -TAT TBT
MRDMB TAT -TBT
SSPS SSPSB

MRCM -MRDM SRD2MB
“MRCM MRDM SRC2MB
MRCM SRD1MB -MRDM
SRC1MB -MRCM MRDM
SRC2T SRD2MB -SRD2T
SRC2MB -SRC2T SRD2T
SRC1T SRD1MB -SRD1T
SRC1MB -SRC1T SRD1T

See Table 7.15 for descriptions of basic event identifiers.
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TBT
-TBT

SRD2T
-SRD2T
-MRDM

MRDM
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37
38
38

Table 7.14

Dominant Cutsets for Signal Failure - Proposed Case
SSPS Reactor Trip: Pressurizer Pressure High (2/4)

1.13E-04
5 90E-05
1 60E-05
3.31E-06
3.31E-06
3.31E-06
3.31E-06
5. BBE-07
5 88E-07
5 BBE-07
5 BBE-07
4 25E-07
4 25E-07
4.25E-07
4 25E-07
2 94E-07
2 94E-07
2 94E-07
2 .94E-07
2 94E-07
2.94E-07
2B1E-07
281E-07
2 55E-07
2.55E-07
2 12E-07
2.12E-07
2.12E-07
2.12C-07
2 12E-07
2.12E-07
2 03E-07
2 03E-07
1.85E-07
1 B5E-07
1.44E-07
1.44E-07
1.44E-07
1.44E-07

CCF: ANALOG CHANNELS

CCF: LOGIC CABINETS
CCF REACTOR TRIP BREAKERS

BI456
Bl455
Bl455
BI455
-TBT
-TBT
BT
™8T
-TBT
-TBT
TeM
TBM
-TBT
-TBT
-TBT
8T
™8T
TBT
BT
MM52B
8T
CONTS
-TBT
-TBT
-TBT
TBM
TBM
TBM
TBM
MMS528
TBM
CONTS
8MZ4
815DC
OPER2
OPER2

Bl457
BI457
BI456
BI456
-TBM
“TBM
TAT
-TAT
“TBM
-TBM
TAT
TAT
-TBM
-TBM
-TBM
TAT
TAT
TAT
52AM
TBT
52AC
TBT
-TBM
TBM
TBM
TAT
-TAT
-TAT
52AM
-TBT
52AC
TBT
OPER1
OPER1
88MZ4
8815DC

Bi458
Bl458
Bl4a58
Bl457
8MZ4
815DC
-TAM
-TAM
8MZ4
815DC
“-TAM
-TAM
8GZ1
8GZ2
8GZ3
-TAM
-TAM
-TAM
-TAT
-TBM
-TAT
-TBM
8GZ1
8GZ2
8GZ3
-TAM
-TAM
-TAM
TAT
-TBM
-TAT
-TBM

See Table 7.15 for descriptions of basic event identifiers
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TAT
TAT
88MZ4
8815DC
TAM
TAM
88MZ4
8815DC
TAT
TAT
TAT
BGGZ1

8GGZ3
-TAM
TAT
-TAM
TAT
TAM
TAM
TAM
BGGZ1
8GGZ2
BGGZ3
-TAM
TAM
-TAM
TAM



Table 7.15
Descriptions of Basic Event Identifiers Listed in Tables 7.12 to 7.14

ACx - analog channel x

Bbax - analog channel xxx

CCF - common cause failure

CONTS - reactor trip breaker B contacts shorted

MRxM - master relay x in maintenance

MRxMB - master relay x mechanically bound

MM52B - reactor tnp breaker B mechanical malfunction
OPER1 - operator error in aligning bypass trip breaker A
OPER2 - operator error in aligning bypass trip breaker B
SRxxMB - slave relay xx mechanically bound

SRxxT - slave relay xx in test

SSPSB - solid state protection system train B

SSPS1 - solid state protection system train A

TxM - frain x in maintenance

TxT - train x in test

52AC - reactor trip breaker A contacts shorted

52AM - reactor trip breaker A mechanical malfunction
8GZx - card A416X gate Zx failed open (train B)

B8GGZx - card A416X gate Zx failed open (train A)

BMZ4 - card A416Z multiplex IC Z4 failed short (train 3)
88MZ4 - card A416Z multiplex IC Z4 failed short (train A)
815DC - loss of 15V DC to card A416X (train B)
8815DC - loss of 15V DC to card A416X (train A)

"" « not symbol (example: -TBT = train B not in test)
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The function "lost" by the slave relay failure in that train can still be established by operator
actions specified in the plant's emergency operating procedures.

This AOT is inconsistent with the AOTs for the system or components being actuated by the
failed slave relay. In many cases, the AC i's for the components being actuated by the slave
relays are significantly longer than the current 6 hours and even the proposed 24 hours. Many
flud safety systems that are actuated by the ESFAS have AOTs of 72 hours. in addition, when
the system is unavailable for this penod of time. one train of the function is lost. but when the
slave 1s unavailable, the function is still available and can be initiated by operator action. This
inconsistency 1s particularly evident when it is considered that the system remains available for
operator actuation if the slave relay is unavailable, but shutdown is required in a shorter time than
if the sy tem itself is unavailable.

To resolve this inconsistency. it i1s proposed to change the Technical Specification requirement on
the slave relays to require that the component actuated by the slave be declared inoperable and
the appropriate system Technical Specification action statement be followed if the siave relay has
not been restored within the specific instrumentation AOT (currently 6 hour  '4 hours proposed).
This applies specifically to 1) slave relays that actuate single components, 2) . 2ve relays that
actuate multiple components providing the slave relay failure affects actuation of only a single
component (relay contacts, for example), and 3) multiple slave relays or slave relays that actuate
multiple components providing the affacted components are all in the same train of a single
system To implement this, the high head. intermediate head, and low head subsystems of the
emergency core cooling system must each be considered a single system. The technical
justification for thus, which follows, is based on the small impact this will have on the avaiability of
the actuated system

As noted in Section 5.2 and documented in References 4 and 5, the slave relays are highly
reliable components when used within the assumptions of these references. The information
presented in References 4 and 5 indicates that only a limited number of failures of these
components have occurred. The failure probability for the slave relays is estimated to be in the
range from 7.0E-05/demand to 3.5E-04/demand, depending to some extent on the type of relay:
Westinghouse type AR or Potter & Brumfield MDR. The data does not show a strong correlation
between the failure probability and test interva!. For the following calculations, the failure
probability is assumed to be 1.0E-04/demand.

Repair activities involving slave relays typically involve replacing the contacts or replacing the
complete relay. In most instances, conservatively assumed to be 90% of the activities, slave
relay repairs can be completed within the AOT. That is only 10% of the slave relay repair
activities extend beyond the AOT, which will result with the actuated components being declared
inoperable with the proposed action statement in effect. Therefore, the additional train or
component unavailability related to a failure of a slave relay 1s calculated as follows and assumes
\nhe actuated component will be unavailable for a full AOT of 72 hours.
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Probability of a test leading to the unavailability of the actuated system via the proposed
action statement

1.0E-O4/demand x 1 demand/test x 0.1 = 1.0E-05/test

Additional train or component unavailability
1. 0E-O5/test x 1 test/3 months x 1 month/730 hours x 72 hours

3.3E-07

This has a negligible impact on train or component unavailabilities for systems which typically
have unavailabilities greater than 1E-03. It should also be noted once again that under the

proposed action statement, the train or component vill still be available for actuation by an

‘~(r6":1r.r'




80 RISK ANALYSIS

As discussed in Section 1.0, the nsk analysis is used to determine the impact of the changes to
the ACTs, STis, and bypass times on plant safety. The resulits from the unavailability analysis
presented and discussed in the previous section are used as input to the risk analysis. It is
necessary to assess the impact of the changes on plant safety to establish a measurable baseline
impact. The unavailability analysis provides the impact of the changes on signal availability, but it
1s not possible to draw conclusions from this since it is not known how imponant the signals are
to plant safety. Larger changes would be allowed for a system not important to safety as
opposed to a system that is important to safety. For this reason, the nsk analysis is necessary.

This section of the report presents and discusses the risk analysis. It includes a discussion on
the approach. risk model, impacted parameters in the nsk model, and results.

81 RISK ANALYSIS APPROACH

The WOG TOP analysis used the Indian Point Unit 2 and the Millstone Unit 3 PRA models that
were available in the early 80's for the risk analysis. This current work uses the Vogtle Electric
Generating Plant (VEGP) PRA model (Reference 7) that was completed to meet the Individual
Plant Examination requirement (Generic Letter 88-20). Use of a PRA model from a recently
completed IPE, instead of the older models used in WOG TOP, was necessary to obtain more
realistic results regarding the impact of the AOT and bypass time changes on plant safety. The
IPE models provide more realistic results for two pnmary reasons:

The IPE models more accurately reflect current plant operation; the system modeis represent
current plant design, the event evaluations more accurately represent current plant and
aperator response to initiators, and the initiating event frequencies are representative of recent
industry experience and plant operation.

The IPE is based on recent PRA technology. Because of improvements to PRA modeling
techniques, common cause methodology and human reliability analysis for example, and
additional operating experience providing improved databases, component failure rates for
example, the IPE will provide results more indicative of the impact of the proposed changes
on plant safety

The VEGP PRA model uses a support system approach and examined the fuli complement of
internal events VEGP s a 4-loop plant with a solid state protection system. The VEGP PRA
included a detailed assessment of representative reactor trip and engineered safety features
actuation signals. In the VEGP PRA model, the foliowing is the basis for the signals used:
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The reactor tnp signal for condition |l and Il events is initiated from either one of two sets of
functionally diverse analog channels or operator action. The operator action models tripping

the reactor from the main control board tnp switches

The reactor trip signal for condition IV events is initiated from either one set of anaiog
channels (no functional diversity 1s available) or operator action. The operator action models

tripping the reactor from the main control board tnp switches

The representative ESFAS signal is based on the safety injection function. Several signals
were considered. Those of interest in this analysis are signal generated from 1) a single set
of analog channels (no functional diversity) and 2) a single set of analog channels with an

operator action to initiate Sl from the main control board switches

In the VEGP PRA, the ESFAS signals are included as part of the support systems model
primanly for safety injection actuation, or within some of the fault tree modeis for systems
requinng automatic actuation by the ESFAS, such as auxiliary feedwater system and steamline

solation. The reactor trip signals were included in the event tree modeis as appropnate

The approach used in this analysis simply substitutes the unavailability values calculated based

on the WOG TOP signal unavailability models in Section 7 for the corresponding vaiues in the

VEGP PRA model. These substitutions occur in the support system model, event trees, and fault
trees as necessary. After the substitution. the model 1s re-quantified with the WESQT Computer
ide (Reference 8) to determine the core damage frequency (CDF) and accident sequences
WESQT s a software tool used to quantity event trees, summarnze the event tree quantification
results, and provide the results in terms of total core damage frequency, frequency by initiator
accident sequences, end state frequencies, and event tree top event imporntances hased on

contribution to core damage frequency. This importance function is defined as

mportanct :_ CDF of sequences with top event failure)/total COF) x 100

asSe was inmi uantiied with the ¢ ignal unavailabihes corresp nd ng 1 Pre
ilage times, bypass and STls. These were followed by quaritifications witt
unavailabiliies for the TOP Cq and Proposed Case. The pre-TOP case was
d at the request of the NRC (see Section 3.0) and is used as the baseline value for

1q the impact ¢ e changes ( lant The measure used for plant safety in this

lamage frequency

the WOG TOP risk analysis for the reactor tnp signals, credit was taken for a reduction of

tnps/year/plant associated with implementing the AOT, bypass time, and STI changes
ymmendaed ir .T.‘_Jf This IS documented Section 5.1 of Reference 1 r?"’\i{}",f—i”;& have beer

A —

implemented since the time the WOG TOP analysis was completed directed at reducing the

ymber of plant tnps. Based on these programs, and with the additional RPS and ESFAS test




and maintenance expenence utilities have developed since then, a plant implementing the TOP
changes at this time may not necessarnly realize a 0.5 trip/yr trip reduction, although some
reduction would still be expected. Therefore, the TOP Case and Proposed Case quantifications
conservatively did not credit the potential trip reduction. But sensitivity cases were quantified for
the TOP Case and Proposed Case to show the potential impact on plant safety for a trip
frequency reduction of C.5/yr.

The risk analysis only evaluated the impact of the changes for signals generated from the SSPS.
A review and comparison of the signal unavailability results for the relay protection system with
the results for the SSPS (see Section 7 4) indicates that the change or difference in unavailability
values from the Pre-TOP Case to the TOP Case and from the TOP Case to the Proposed Case
are nearly the same for the both types of protection systems. In addition, the signal unavailability
values for the relay protection system are consistently smaller that those for the SSPS. Based on
this, it was concluded in Section 7.4 that the SSPS results are representative of the relay
protection system results. Therefore, the risk analysis was completed only with the SSPS results
and is considered to be representative of the results expected for the relay protection systems.
This approach is consistent with the approach used in WOG TOP.

Finally. the approach includes evaluations of the impact of the changes on risk for signals
generated from 2 of 3 logic and 2 of 4 logic. The signal unavailability results presented in
Section 7.4 are not significantly different for signals generated for 2 of 3 logic verses 2 of 4 logic
when diversity or additional operator actions to trip the plant or actuate safety features are
considered  This difference is primarily important when the signal is generated from a single set
of analog channels (one 2 of 3 set or one 2 of 4 set).

8.2 EVENT REACTOR TRIP AND ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

In assessing the impact of the change in unavailability of the reactor trip and engineered safety
feature actuation signals on plant safety, it is necessary to consider the possible signals that will
be available to actuate reactor trip and the safety functions (safety injection, auxiliary feedwater
pump start, etc.) for each event. WOG TOP (Reference 1, Appendix H, Table 2.b-1) provides this
information for reactor tnp signals. In addition to the signals listed in this reference, the plant can
also be tnpped by the operator 1) from the main control board trip switches, 2) by interrupting
power 1o the control rod drive mechanisms from the motor-generator sets from the control board,
and 3) by manually inserting the control rods into the core.

Diversity of signals is not as prevalent for initiating ESF protective functions, but backup actuation
signals do exist, depending on the particular event. in addition, backup operator actions 1o initiate
safety functions are also possible. For example, the operator can initiate the safety injection
function from the main control board S| switches or by individually starting and/or aligning, as
necessary, each required components by following the appropriate emergency operating
procedures. Operator actions can also be used to actuate other protective features, e.g., auxiliary
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feedwater pump start, main feedwater isolation, steamline isolation, by following the appropriate
emergency operating procedures. The ability of the reactor trip and safety features to be actuated
by more that a single set of signals or by an operator action is one of the strengths of the
protection system.

These backup signals need to be considered when assessing the impact of the signal
unavailability increases on plant safety. Table 8.1 provides a summary of the sources of signals,
in terms of diversity and operator action availability, for reactor tnp actuation for each initiating
event considered in the risk analysis. Table 8.2 provides a summary of the sources of signals for
each safety function considered in the risk analysis. Table 8.3 provides the human error
probabilities for the operator actions required to trip the reactor or actuate a safety function used
in this analysis and the source of the probability.

8.3 RESULTS OF THE RISK ANALYSIS

The results of the risk analysis are provided in several forms in this section. The primary
measure of the impact on plant safety is core damage frequency. The total core damage
frequency from internal initiating events, the accident sequences that comprise the core damage
frequency. and the top event or system importance factors are all discussed to varying degrees in
the following for the Pre-TOP Case, Top Case and Proposed Case. In addition, similar
information for the two sensitivity cases involving the TOP Case and Proposed Case is provided.
As noted Section 8.1, the sensitivity cases involved reducing the transient initiator frequency by
0.5 trips/year. This is based on the expected benefits as determined in WOG TOP for
implementing the AOT, bypass time, and ST! changes provided in WCAP-10271.

Table 8 4 provides a summary of the core damage frequency values calculated for the Pre-TOP
Case, TOP Case, and the Proposed Case for signals generated from 2 of 4 logic and 2 of 3 logic
requirements. Values are also provided for the sensitivity cases. Percent changes are given for
the Proposed Case referenced to the Pre-TOP and TOP cases. Note that when crediting the
reduction in transient frequency, there is a reduction in core damage frequency for the TOP Case
compared to the Pre-TOP Case because the AOT and bypass time changes have a smaller effect
than the decrease in initiating evernt frequency. As expected, there is a smaller change in core
damage frequency for signals generated by 2 of 4 logic as opposed to signals from 2 of 3 logic.
The increase in core damage frequency for the AOTs and bypass times included in the Proposed
Case are equal to or less than 1% for signals generated for 2 of 4 or 2 of 3 logic when compared
to the TOP Case

The WOG TOP analysis documented in WCAP-10271, Supplement 2, calculated an increase in
core damage frequency of 2.7% and 3.6% for 2 of 4 and 2 of 3 logic, respectively, when changing
from Pre-TOP parameters (AOTs, bypass times, and STls) to the TOP parameters. These values
are broken into contributions from reactor tnp signals and engineered safety features signals as
follows
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Sources of Reactor Trip Actuation Signals

Table 8.1

Panels

Event A m ;{;’:‘ of Operation Action
Large LOCA Not Required -
Medium LOCA Not Required -
Small LOCA Nondiverse Yes
Steam Generator Tube Rupture Nondiverse Yes
interfacing Systems LOCA Not Required .-
Reactor Vessel Rupture Not Required -
Secondary Side Break Nondiverse Yes
Inside Containment
Secondary Side Break Nondiverse Yes
Outside Containment
Positive Reactivity Insertion Diverse Yes
Loss of Reactor Coolant Flow Diverse Yes
Loss of Main Feedwater Flow Diverse Yes
Partial Loss of Main Feedwater Flow Diverse Yes
Loss of Condenser Diverse Yes
Turbine Tnp Diverse Yes
Reactor Trip Generated by RPS -
Spurious Safety Injection Signal Diverse Yes
Inadvertent Opening of a Steam Valve Diverse Yes
Primary System Transient Diverse Yes
Loss of Offsite Power Not Required by RPS -
Station Blackout Not Required by RPS -
Loss Jf Instrument Air Diverse Yes
Total Loss of Nuciear Service Cooling Nondiverse Yes
Water
Loss of 125 VDC Bus Diverse Yes
Loss of Two 120V Vital AC instrument Diverse Yes
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3 Tabie 8.3
% Summary of Human Error Probabilities for Operator Actions Backing Up Actuation Signals
3
Z
: Operator Action HEP (1) Source
§ Reactor irip from the main control board trip switches 1E-02 Conservative estimate based on severa!
b3 iPEs
Reactor tnp by interrupting power from the motor-generator 5E-01 VEGP IPE (2)
sets given that the operator failed to trip by the control board
switches
Manually insert the control rods into the core given the 5E-01 VEGP IPE (2)
previous operator actions to trnip have failed
Safety injection from the main controi board switches 1E-02 Conservative estimate based on several
IPEs
Safety injection by manual actuations of individual components 2E-03 VEGP IPE {2)
% Auxiliary feedwater pump start 2E-02 VEGP IPE (2)

Notes: 1. HEP - Human Error Probability
2. VEGP IPE - see Reference 7 }

|

|

1

|
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Table 8.4

Summary of Results by Core Damage Frequency

2/4 Logic 2/3 Logic
Case Change: Change: Change: Change:
CDF (per year) | Referenced to Referenced COF (per year) | Referenced to Referenced
Pre-TOP to TOP Pre-TOP to TOP
Pre-TOP 5.706E-05 -- 5.717E-05 - -
TOP 5.800E-05 16% - 5.832E-05 2.0% -
Proposed 5.835E-05 2.3% 0.6%"° 5893E-05 3.1% 1.0%"
TOP - Sens. 5651E-05 -1.0% - 5.683E-05 -0.6% -
Proposed - Sens. £ 683E-05 -0.4% 0.6%° 5. 741E-05 04% 1.0%°
Notes: 1. CDF - core damage frequency
2. It was necessary to present four significant digits in the core damage frequency values to highlight the small changes
between cases.
3 The sensitivity cases (denoted by Sens.) credit a 0.5 reduction in transient frequency which is consistent with the WOG
TOP analysis.

4 Change with respect to TOP Case core damage frequency.

5. Change with respect to TOP-Sens. Case core damage frequency.




2 of 4 logic: ESF signals = 2.4% (Reference 3, Appendix N)
RT signals = 0.3% (Reference 3. Appendix D)

Total = 2.7%

2 of 3 logic ESF signals = 3.3% (Reference 3, Appendix N)
RT signals = 0.3% {Reference 3. Appendix D)
Total = 3.6%

Note that credit is taken for a reduction of 0.5 transients/year in the TOP analysis for reactor trip
signals.

The difference in the results between the TOP analysis in WCAP-10271 and the current analysis
can be attributed to two primary analysis differences; realistic assumptions on maintenance
intervals and crediting AMSAC to start auxiliary feedwater pumps. With regard to maintenance
intervals, as previously discussed in Section 5, the WOG TOP analysis conservatively assumed a
yearly maintenance interval on the components of the protection system. This current analysis
used more realistic intervals based on industry data for the master and slave relays, and based
on the plant survey responses for the analog channels and logic cabinets. See Section 5.2 for
additional information. The AMSAC signal provides a signal, divers? from the reactor protection
system, for actuating the auxiliary feedwater pumps. Crediting this signal, in addition to the
normal signals from the reactor protection system and operator actions to start the pumps,
significantly reduces the risk importance of pump actuation signals.

Tables 8.5 and 8.6 provide the importances, as defined in Section 8.1, for the top events in the
event trees used to mode! plant response 10 initiators. Table 8.5 provides the importances for the
cases with signals generated by the SSPS with 2 of 4 logic and Table 8.6 provides the
importances for the cases with signals generated by the SSPS with 2 of 3 logic. The top events
used in the event trees typically refer to systems, operator actions, or split fractions that represent
some other parameter, such as, system recov:ry, power level, etc. These tables provide the
importance values for the top 25 systems as ranked by importance. Importance measures for
other top events (operator actions, power recovery, etc.) were removed from the list.

The importances of interest here are those for reactor trip actuation signals (reactor trip), safety
injection actuation signals (engineered safety features), and auxiliary feedwater. The AFW
imporntance is of interest since the AFW top event includes the actuation signal, in addition to the
mechanical equipment. From these two tabies it is seen that the importances for these three
systems, or top events, change insignificantly from the TOP Case to the Proposed Case, and the
change for the Pre-TOP Case to the Proposed Case is also small. For the reactor trip and
engineered safety features top events, the importance value increases by 0.2% from the TOP
Case to the Proposed Case. This means that the increase in the percent of core damage
frequency related to the increase in unavailability due to the AOT and bypass time changes for
either of these top events, or systems, is significantly less than 1%. This also shows that the
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Table 8.5

System (Top Event) Importance Summary: SSPS with 2 of 4 Logic

e Importance Measure
Pre-TOP TOP Proposed
4160 VAC Power 55.9% 55.1% 54.7%
Auxiliary Feedwater 20.5% 20.6% 20.7%
Nuclear Service Cooling Water 15.5% 15.4% 15.4%
CB ESF Electrical Equipment Room HVAC 15.4% 15.2% 15.1%
Reactor Trip 14.2% 14.5% 14.7%
Condensate Feed 11.0% 10.9% 10.8%
Essential Chilled Water System 9.1% 9.0% 9.0%
Turbine Driven Pump 7.3% 7.2% 7.2%
PORVs and/or SVS Open 6.5% 6.6% 6.7%
High Pressure Injection 6.4% 6.8% 6.8%
High Pressure Recirculation 6.3% 6.2% 6.2%
Containment Cooling Units 6.0% 6.3% 6.4%
Engineered Safety Features 5.0% 6.2% 6.4%
Component Cooling Water 4 3% 4.4% 45%
Centrifugal Charging Pumps 3.2% 3.3% 3.3%
Low Pressure Injection 3.0% 3.4% 3.5%
Safety Injection Pumps 2.7% 2.7% 2.7%
Low Pressure Recirculation 1.9% 2.0% 2.0%
RWST Failure 16% 1.6% 1.6%
Normal Chilled Water System 1.5% 1.5% 1.5%
480 VAC Buses Train A 14% 1.4% 1.4%
Hot Leg Recirculation 1.2% 1.2% 1.2%
Normai Charging 0.9% 0.9% 0.9%
125 VDC Buses 0.8% 0.8% 0.8%
Pressunzer PORVs 0.7% 0.7% 0.7%
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Table 8.6
System (Top Event) Importance Summary: SSPS with 2 of 3 Logic

importance Measure
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change in the signal unavailability for auxiliary feedwater pump start has essentially no impact on
the importance of the auxiliary feedwater system. In addition, by their absence from this list, it is
concluded that the ESF actuation signal unavailabilities modeled for other mitigation features,
steamline isolation of example, are of low importance, and that with the AOT and bypass time
changes, they remain of low importance

The accident sequences leading to core damage for the Pre-TOP Case, TOP Case, and
Proposed Case. with the SSPS and 2 of 4 logic and the SSPS and 2 of 3 logic, are provided in
Appendix E. Only the sequences, from the top 100 sequences, related to ESF or RT actuation
signal failures are provided. The specific top events in these sequences are RT (reactor trip
actuation signal), ESF (safety injection actuation signal), and AFW. A review of these sequences
also confirms the low significance of the changes being considered in this report. It should be
noted that the unavailabilities for the AFW top events in the sequences do not always change
between the cases. This is due to the AFW unavailability values being dominated by the
mechanical components and not the signals.

84 RISK ASSOCIATED WITH A PLANT SHUTDOWN

One of the benefits of ionger AOTs that can be quantified is the risk associated with avoiding a
plant shutdown and the ensuing startup. Longer AOTs will help utilities avoid plant shutdowns by
allowing additional time to complete component repairs, and will also help avoid utility requests for
discretionary enforcements to remain at-power when the time to complete the repair activity
exceeds the current AOTs.

The risk associated with shutting a plant down can be considered to be comprised of two pans;
the power reduction phase that occurs in mode 1 and the changes in operating modes after the
reactor is tnpped. The nisk associated with restarting the plant can also be considered to be
comprised of two parts. the changes in operating modes prior to achieving criticality and the
power increase that occurs in mode 1 after the control rods are pulled. For this analysis, only the
risk associated with the power reduction and power increase are considered.

Information collected in the survey indicates, for the time period examined, there have been 349
plant startups and 152 controlled plant shutdowns (see Table 4.4). This information also indicates
that 30 reactor tnp events have occurred during plant startups and 13 have occurred during
controlied shutdowns. Based on this, the probability of a reactor trip occurring during a startup or
a controlled shutdown can be determined:

Probability of reactor tnp dunng a startup
= 30 reactor trip events dunng startup/342 startups = 0.088

Probability of reactor tnip during a controlied shutdown
= 10 reactor trip events durning controlled shutdown/148 controlled shutdowns = 0.068
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The nisk, as measured by core damage frequency, associated with a reactor trip while shutting
gown or restarting a plant can be obtained from the VEGP IPE. For a transient event. such as
partial ioss of main feedwater, the probability of core damage given that the event has occurred is

approximately 3E-06. Therefore, the probability of core damage due to one shutdown and restart

CDF = 3E-06 x (0.088 + 0.068 4 .7E-07

i _ . i 2 " - - L 4
This vaiue is comparable to the increase in core gamage 1((-‘Q;1f>."n“\,‘ for the pri’)[‘)()‘a('d case, as
ompared to the TOP Case. for both the 2 of 4 and 2 of 3 logic configurations. Therefore, the
nsk that can be avoided due to a potentially avoided plant shutdown and startup related to the !

extended AOTs is comparable to the risk increase associated with the higher signal unavailability
due to the extended AOTs Iincluding the nsk for the other phase of shutdown and startup, when

the control rods are in the core, further increases the averted risk values




90 PROGRAM BENEFITS

The benefits to utilities for the AOT and bypass time changes proposed in this report are
aiscssed in this section. These include additiona’ time to complete test and maintenance
activities, additional operational flexibility, and reduced number of forced outages and
discretionary enforcements. These are discussed in the following:

1. The longer AOTs for the master and slave relays, logic cabinets, and analog channels will
promote improved maintenance practices that will provide improved component performance,
improved availability of the protection system, and a reduced number of spunous reactor trips

and spurious actuations of safety equipment.

2. The longer AOTs and bypass times for the analog channels will provide additional time before
being required to place the channel in tnp. With the channel in trip, the logic required to
cause a reactor trip or a safety system actuation is reduced to 1 of 2 (*or 2 of 3 logic) and to
1 of 3 (for 2 of 4 logic). With the reduced logic requirement, the potential for a spurious
actuation is increased. Leaving the channel in the bypass state for additional time does
reduce the availability of signals to initiate component actuation for event mitigation when
required, but as shown in this analysis, the impact on plant safety is small due to the
availability of other signals or operator action to tnip the reactor or cause component actuation.

3. The longer aliowed outage times will provide plant operators additional fiexibility in operating
the plant. There will be additional time available before an action needs to be taken to shut
dowri the plant or place a channel in the tripped state. This additional flexibility wil! facilitate
paontizing component repairs.  Equipment considered more risk significant than that
generating the RT &..d ESF actuation signals can be repaired prior to repainng the
instrumentation system.

4. Extending the AOTs for the instrumentation begins to address an inconsistency in the
Technical Specifications related to AOTs between the ESF actuation signals and the
components the signals actuate. in many cases, the systems actuated by the ESFAS signals
have ADTs significantly greater than those for the ESFAS. The unavailability of a single train
of the ESFAS does not necessarily cause the system the signal actuates to also be
unavailable. For most events, these systems can still be actuated by operator actions to
mitigate the event or by an alternate signal. With a slave relay unavailable, the current
Technical Specifications with TOP implemented requires the slave relay to be repaired within
€ hours, even though the component the relay i1s required to actuate could be allowed 1o be
out of service for up to 72 hours.

5. Extending the AOTs will result in fewer discretionary enforcements related to inadequate time
1o complete component repair activities. This will result in a cost savings for both the NRC

and utilities.
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This analysis calculates a significantly lower increase in core damage frequency than the TOP
analysis calculated. This is attributed to more realistic maintenance intervals used in this
current analysis and crediting the AMSAC system as an alternate method of initiating the
auxiliary feedwater pumps.

A significant number of reactor trips have occurred related to test and maintenance activities.
This indicates that these activities should be completed with caution and significant time
should be available.

10 Utilities typically do not have multiple channels that measure the same parameter out of

1.

service simultaneously.

Slave relay repair activities that cannot be completed within the 24 hour AOT should not
necessarly lead directly to a plant shutdown. After the 24 hour period has expired, the
component that is impacted by the slave relay of interest should be declared inoperable and
the Technical Specification action corresponding to this component should be followed.
Applhicability of this is limited to 1) slave relays that actuate single components, 2) slave
relays that actuate multiple components providing the slave relay failure affects actuation of
ony a single component (relay contacts. for example), and 3) multiple slave relays or slave
relays that actuate multiple components providing the affected components are all in the
same train of a single system. To implement this, the high, intermediate and low head
subsystems of the emergency core cooling system must each be considered a single system.
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11.0 IMPLEMENTATION OF THE PROPOSED TECHNICAL SPECIFICATION CHANGES

The analysis presented and discussed in the previous sections recommends the foliowing

1. The AOTs and bypass times provided in Tables 5.1 and 5.2 be incorporated into the RPS and

ESFAS instrumentation Technical Specifications

2. Ckannel calibration while at-power is acceptable from a rnisk standpoint and should be left
the needs of the utility (no Technical Specification impact)

3. Change the action for an inoperable slave relay to "following expiration of the slave relay
allowed outage time, the component affected by the inoperable slave should b2 declared
inoperable and the Technical Specification action for this component should be foliowed'

This applies specifically to 1) slave relays that actuate single components, 2) slave relays that
acluate multipte components providing the slave relay failure affects actuation of only a single
component (relay contacts, for example), and 3) multiple slave relays or slave relays that
actuate multiple components providing the affected components are all in the same train of a
single system. To implement this, the high head, intermediate head, and low head
subsystems of the emergency core cooling system must each be considered a single system

mplementation of these proposed changes into the Standard Technical Specifications for
Westinghouse Plants (NUREG-1431, NUREG-0452) is shown in Appendix A

These recommendations are applicable to all the signals evaiuated in WOG TOP for both solid
state and relay protection systems. See Tables 3.2-2 and 3.2-3 in Reference 2 and Tables 3.1-2
and 3.1-3 in Reference 3 for a complete listing of the signals evaluated in WOG TOP. The
results are also apphicable to those signals not specifically evaluated in the TOP analysis, but

shown to be apphcable through subsequent evaluations These include

Reactor tnp on steam generator level low-low with time delay

Auxiliary feedwater pump start on steam generator level low-low with time delay

Auxiliary feedwater suction transfer on suction pressure iow

Feedwater isolation on main steam valve vault room water level high

Feadwater isolation on low reactor coolant system T“V'_'l coincident with reactor trip
Automatic switchover to containment sump on refueling water storage tank level low-low
Semi-automatic switchover to containment emergency sump on RWST level low-low
oincigent witr

Automatic switchover to containment sump on RWST level low-low coincident with SI and

containment sump level higt




In addition, these results are applicable to any signals utilities have independently shown to be
ancompassed by the WOG TOP evaluation during plant specific implementation of the WOG TOP
Technical Specification changes.

As noted in Section 6.0, this program only considers analog processing of data (analog channels),
but il is also applicable to digital systems as justified by utilities implementing WOG TOP with the
Eagle 21 process protection system and approved by the NRC. Only changes to AOTs and
bypass times are being evaluated in this study and these effect the signza' availability similarly
between the two types ¢f process protection systems.

There are several important analysis details that need to be conside.ed in properly applying the
proposed changes to plant operation. These are in addition to the assumptions that form the
basis of the analysis as discussed i Section 7.2. The following discusses these additional
details:

1. Maintenance on the master and siave relays, logic cabinets, and analog channeis while at-
power is assumed to occur only after a component failure, that is, preverntive maintenance
does not occur. This does not preciude preventive maintenance activities. Preventive
maintenance can be done providing the total time the component is unavailable due to
maintenance activities (corrective and preventive) does not exceed, on a consistent basis, the
values assumed in this analysis (see Tables 5.1 and 5.2). This analysis does not support
continually exceeding the total time “allocated" for maintenance activities. This is not
important for master and slave relays where preventive maintenance is not done, but could be
important for analog channeis and logic cabinets where a utility may want to start doing
preventive maintenance at-power instead of during shutdown.

2 Itis assumed that the total test time is used to complete all test activities. If a component is
found to be failed dunng a test activity, the remainder of the time allocated to perform the test
activity can be used to repair the component, prior to entering the action statement. For
example, if a master relay in a SSPS is found to be inoperable during a test 1 hour after the
test started, then the remaining 3 hours of the 4 hour bypass time period allowed for the test
activity can be used to repair the relay prior to entering the 24 hour AOT in bypass to
complete the repair (corrective maintenance activity).

3. With respect to the analog channels, the analysis assumes that channels measunng the same
plant parameter, such as pressurizer pressure, will only randomly be unavailable aua to
maintenance simultaneously. It is assumed that utilities will not knowingly remove rnultiple
channels performing the same function from service at the same time unless the channels
have failed

4. It is assumed in the analysis that the AOTs and bypass times for the logic cabinats and
reactor tnp breakers are separate and independent. It is also assumed that the logic cabinets
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and trip breakers poth cause their train to be unavailable when in test or maintenance.
Therefore, this analysis supports a bypass time for the tnp breakers equivaient to the bypass
time for the logic cabinets provided both are tested at the same time.

The change to the action statement for inoperable slave relays that recommends "after the
AOT for an inoperable slave relay has expired, the action should be to declare the affected
component of the system the slave relay actuates inoperable and follow the appropnate
system action statement” is imited as previously noted. This is necessary since PRA models
credit backup mitigation systems that perform similar functions to primary mitigation systems if
the pnmary mitigation system has falled. A slave relay that actuates both the primary and
backup systems would have a larger impact on plant safety than a slave relay that actuates
the primary or the backup system. Therefore, it 1s necessary to limit the use of this action as
previously noted.
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Proposed Changes to the Standard Technical Specifications
(NUREG-1431. NUREG-0452)

== 10 be provided --

A-1



APPENDIX B

No Significant Hazards Evaluation

to be provided o




1
tw.u‘"“rw
s .,wh i

._‘— u):n AT

S e

f'“h"r”"r”hliﬁ |

."M!P;.'n,(\‘:”;.'.”l

||’I’"'

|||rj|'—l-'" e




Attachment
WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Survey: | ion

One of the objectives of the Technical Specification Instrumentation Chapter Optimization
Program is to evaluate longer aliowed outage times (AOTs) for the analog channels and the
logic cabinets of the reactor protection system (RPS). Outage times of 72 hours will be
evaluated for the channels and 24 hours for the logic cabinets. The evaluation will use a
probabilistic approach to determine the impact of the changes on plant safety. The
unavailability of reactor trip and engineered safety feature actuation signals, and the impact
on plant risk will be evaluated. Both the safety benefits and detriments will be included in the
evaluation.

The survey is divided into two parts. The first part starts on the following page and is
requested to be completed by all Jtilities. The second part, as discussed below, will be
provided to @ limited number of utilities after reviewing the results of the first par of the
Survey. The utilities that receive the second part will be based on the feedback provided by
you as 10 the assessibility of the information required.

To properly conduct this program some information is required from utilities regarding test
and maintenance activities related to the APS including the impact of these activities on plant
operation. This includes information on how the increased AOT will be used in RPS test and
maintenance activities, that is, will the channels or logic cabinets be unavailable more often
due to additional test or maintenance activities or will they be unavailable for longer periods
of time due to changes in personnel response 10 completing test and maintenance activities?
Inaddiﬁm.womaﬁmonmonumbuofplmtmpsmdoomdhdsh that will be

10271 (WOG TOP), the second section requests information on channel and logic cabinet
unavailability and how longer AOTs will impact unavailability of these components, and the
third part requests information on how these activities impact plant availability with respect 10
reactor trips and required plant shutdowns.

The second part of the survey, which will be sent out to a limited number of utilities in the
future, requests a history of the unavailability of instrumentation logic and channels for the
previous three fuel cycles. Since this may be a significant effort for some utilities. we are
requesting utilities identify whether this type of information can be obtained rather easily.

The information is required for five different plant sites. Page & of this survey shows the type
of information that will be required. At this time only indicate on page 6 if you will be able to
provide this information if asked to do 80 at a future date. Do not fill out anything else on
page € at this time.

Thank you in advanced for your cooperation. |f you have any questions, please contact
either Jerry Andre' (412-374-4723) or Jim Andrachek (412-374-5018)
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Utility/Plant:

Utility Contact: Phone Number:

WOG Tech Spec Instrumentation Chapter Optimization Program

nt Survey: Part 1

General Questions:

1.

Have you implemented the Technical Specification AOT and STI changes justified in
WRAP-10271 (Evaluation of Surveillance Frequencies and Ou* of Service Times for the
Reactor Protection System and Engineered Safety Features Actuation System, WOG-
TOP)?

yes/no (circle one), if yes, date implemented:

Do you test the channels in trip or in bypass? trip/bypass (circle one)

How long does it take to perform channel test activities?
estimate of typical or average time in hours:
estimate of maximum time in hours:

How long does it take to perform channel maintenance activities”?
estimate of typical or average time in hours:
estimate of maximum time in hours:

How long does it take to perform logic cabinet test activities?
estimate of typical or average time in hours:
estimate of maximum time in hours:

How long does it take to perform logic cabinet maintenance activities?
estimate of typical or average time in hours:
estimate of maximum time in hours:

What percentage of test activities lead to maintenance activities (circle one)?

SR

i 10%
. 25%
iv. 50%
v. 75%
vi. 90%
vii. 100%

viii. other (please specify)
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How often are maintenance activities on logic cabinets required? (estimate as once per
year, once every five years, etc )

How often are maintenance activities on a typical analog channel required? (estimate as
once per year, once every five years, etc.)

If the allowed outage times were extended to 72 hours for the analog channels, how
would this impact the time to complete test activities (circle one)?

i. test time would not be impacted

ii. test time would increase by 25%

iii. test time would increase by 50%

fv. test time would increase by a factor of 2
v. test time would increase by a factor of 4
vi. test time wouid increase to 72 hours

vii. other (please specify)

If the allowed outage times were extended to 24 hours for the logic cabinets, how would
this impact the time to complete test activities (circle one)”?

i. test time wouid not be impacted

ii. testtime would increase by 25%

iii. test time would increase by 50%

iv. test time would increase by a factor of 2
v. ez Ume would increase by a factor of 4
vi. test time would increase to 24 hours

vii. other (please specify)

if the allowed outage times were extended to 72 hours for the anaiog channels, how
would this impact the time to compiete maintenance activities (circle one)?

i, maintenance time would not be impacted

ii.  maintenance time would increase by 25%

ii.  maintenance time would increase by 50%

iv. maintenance time would increase by a factor of 2
v. maintenance time would increase by a factor of 4
vi. maintenance time wouid increase to 72 hours

vii. other (please specify)
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10.

1

If the allowed outage times were extended to 24 hours for the logic cabinets, how would
this impact the time to complete maintenance activities (circle one)?

i maintenance time would not be impacted

ii.  maintenance time would increase by 25%

ii.  maintenance time would increase by 50%

iv. maintenance time would increase by a factor of 2
v. maintenance time would increase by a factor of 4
vi. maintenance time would increase to 24 hcurs

vii. other (please specity)

if the allowed outage times were extended to 72 hours for analog channels, would
additional test or maintenance activities be performed at power (such as channel
calibrations)? If yes, please describe the activity, and provide the frequency of
occurrence and estimated time to complete the activity (if necessary, attach an
additional page providing the information).

If the allowed outage times were extended to 24 hours for logic cabinets, would
additional test or maintenance activities be performed at power? |f yes, please describe
the activity, and provide the frequency of occurrence and estimated time to complete the
activity (if necessary, attach an additional page providing the information).

Plant Startup and Shutdown Operating Information

(Please limit this to the latest five years of operation. If WOG-TOP AOT and STI changes
have been implemented during this five year period, please divide the number in to pre- and
post-TOP operation )

1

2

Number of controlled plant shutdowns:

Number of Tech Spec required shutdowns:

Number of (Tech Spec specified) instrumentation related shutdowns:

Number of shutdowns avoided due to discretionary enforcement.

Number of shutdowns related to (Tech Spec specified) instrumentation avoided due
discretionary enforcement:

C-S



6. Number of startups:

7.  Number of reactor trips:

8. Number of trips that occurred while in a controlled shutdown:

9. Number of trips that occurred during stantup:

10. Number of reactor trips related to instrumentation test or maintenance activities:
number related to test activities:
number related to maintenance activities:

11. Number of spurious safety injections (please break down as follows):
number at power:
number during a controlled shutdown:
number during startup:

12. Number of spurious safety inject.™ns related to instrumentation test or maintenance
actvities:
number related to test activities:
number related to maintenance activities:

13. Ha» multiple channels measuring the same variable (e.g., pressurizer pressure, steam
generator water level on the same steam generator, etc.) been in either test or
maintenance at the same time? If so, please provide a list that identifies the channels
involved, the number of channels required to trip, and the time history (when the
channels were placed in trip or bypass and when they were returned to service - if
necessary, attach an additional page providing the information).

14 Time period examined to respond to the above questions on plant startup and shutdown
operating information (divide between pre-TOP and post-TOP if applicable):

15. Estimated percentage of time the plant was in modes 1 or 2 during this time period.
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WOG Tech Spec Instrumentation Chapter Optimization Program
Plant Survey: Part 2

Would you be able and willing to provide the following information (do not provide it at this
time, only answer this question)?  yes/no (circle one)

THE INFORMATION BELOW IS NOT REQUIRED TO BE PROVIDED AT THIS TIME

Please provide a history, for the previous three complete fuel cycles divided between pre-
and post-TOP implementation if applicable, of the unavailability of instrumentation logic and
channels. This history should identify when the logic cabinets and channeis were taken out
and returned to service for either test or maintenance activities. Note if the test or
maintenance activity was perforrned in bypass or trip. |If possible, provide this in
chronological order.

It the channels are identified by a plant specific identifier, please provide a key that defines

the identifier in general terms (e.g., pressurizer pressure channel #1). A suggested table to
capture this information follows.

5 Table for Channel and Logic Unavailability Hi

Component Time and Date Time and Date Activity Trip or
Remove from Returned to Peﬂom\oq Bypass
Service Service (test or maint)
PZR P1 1/5/91, 1:15 PM 1/5/91, 2.00 PM test trip
SG1 L1 1/6/91, 8:00 AM 1/6/91, 9:30 AM test trip
etc.

Please return the completed survey to:

Mail to: Fax to: (412) 374-5009
Mr. G R. Andre’

ECE MS 4-28

Westinghouse Electric Corporation

P O. Box 355

Pittsburgh, PA 15230-0355

Due Date: Friday September 16, 1994
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APPENDIX D

Fault Tree Diagrams

The information provided in this appendix is proprietary to Westinghouse Electric Corporation.
Due to the volume of information, it has not been bracketed. The coding associated with this
information i1s "+a.c".
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APPENDIX E

Event Sequence Quantification Resuls
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1his appendix provides a summary of the sequences leading to core damage from the accident

sequence quantificatior Only the accident sequences that contain failures of reactor trip or

engineering safety feature aciuaton signals out of the top 100 sequences are provided. These
quences are provided for the following cases

Pre-TOP Case: Sohd State Protection System, 2 of 4 Signal Logic

TOP Case: Solid State Protection System, 2 of 4 Signal Logic

Proposed Case: Solid Siate Protection System. 2 of 4 Signal L¢

Pre-TOP Case: Solid State Protection System, 2 of 3 Signal Logic

)P Case. Solid State Protection Systemn, 2 of 3 Signal Logic

Proposed Case: Solid State Protection System, 2 of 3 Signal Loqi
ote that in some sequences neither RT (reactor trip actuation signal) nor ESF (engineered safety

teatures actuation signal) shows as a fallure. In these sequences, the ESF actuation signal is
nciuded in the auxiliary feedwater (AFW) unavailabiiity value

r each sequence in each case, the following information is proviaed

Number - Sequence number

requency - Sequence frequency (per year
~ercent Percent contribution of the sequence (o the tota ore damaoe h.x;'; 1ency
sum - Summation of all the sequences up 10 that sequence number
Event - Top event in the event tret
/alue - The value (system unavailability, operator action failure probability, etc.) associated

with the top event

Description - Description of the top event




Pre-TOP Case: Solid State Protection System, 2 of 4 Loaic

Total plant damage state freguency = 5.706E-005

NUMBER  FREQUENCY  PERCENT  SUM

EVENT VALUE DESCRIPTION
. 1, 204€ - 006 2.11%  S.179E-006
PMF 1.5006+000 Partial Loss of Main feedwater Flow
Rt 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
PLL 5.610E-001 INITIAL POWER LESS THAN &0%
OMG 5.0006-001 OA TO TRIP MG SETS
Ock 5.0706-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND ND CRI ALL SUPPORT AVAIL

6. 1.148€ - 006 2.01%  1.0336-005
«.100E-002 Loss of Offsite Power (Single Unit)
S5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFw 2.000E-002 MOP TD 2/4 SGs FAIL- 5 WRS- TR B SPRT (ND TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORY
2.BD0E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

9. 1.004€ - 006 1.76%  1.346E-005

LOsP1 4.100€-002 Loss of Offsite Power (Single Unit)
LKALC S.470E-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)
AfW 2.000€-002 MDP TO 2/4 SGs FAIL- 5 MRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
WPl 2.6430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

i 8 $.902€-007 1.03%  1.904E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MOPs & TDP- 3/3 SGs FAIL- S WRS- ALL SUPPORTY
QAB 1.000€-002 OA TO ESTABLISH BLEED AND FEED COOLING

18. 5 .859€-007 1.03%  1.962€-005

T 7.300€-001 Turbine Trip
R 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B.610E-001 INITIAL POMER LESS THAN 40%
MG S.000E-00Y OA TO TRIP MG SETS
ocR $.070E-001 DA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
26, 4. B4OE - 007 0.85% 2.274€-005
PMF 1.500€+000 Partial Loss of Main Feedwater Flow
RY 1.700E -005 REACTOR TKIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
PLL B.610E-001 INITIAL POMER LESS THAN 40%
OmG S.000E-001 OA TO TRIP MG SETS
OCcr S.0706-001 DA TO INSERYT CONTROL RODS
OBR 1.550€-007 OA TO ESTABLISH EMERGENCY BORATION

25, 4.658E€-007 0.82% 2.321€-005

PME 1.500E+000 Partial Loss of Main Feedwater Flow
R 1.700€ -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B.6T0E-00Y INITIAL POMER LESS THAN 40%
MG 5.000E-001 OA TO TRIP MG SETS
ocR 5. 0706-001 OA TO INSERT CONTROL RODS
AW 8.850€-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORY
26, 4. 434E-007 0.78%  2.365€-005
Lo 8.000€ -004 Medium Loss of Coolant Accident
ESF 6.BB0E-004 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (MLO)
WPl 1.0006+000 2/4 WPIs- 2/3 CLEGS- MLO- NO SUPPORY
12" 1.000E+000 AFW - NO SUPPORT AVAILABLE
ccu 1.0006+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
CCw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
27. 4. 40&E -007 0.77%  2.409E-005
P 1.5006+000 Partial Loss of Main Feedwater Flow
R 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B.6106-001 INITIAL POMER LESS THAN 40%
MG S.000€-007 OA TO TRIP MG SETS
Afw B.BS50E-002 2/2 MDPs & TDP 10 4/4 SGs FAIL- S HRS - ALL SUPPORT
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g-TOP Case: Solid State Protection System, 2 of 4 Logic (Cont'd)

2.495€ - 00°
oss of Main Feedwater Flow
IP FAILS (DIVERSE SIGNAL WI! C LL SUPPORY
THAN «0%

INSERT CONTROL RODS
AFW AND NO CRI ALL SUPPORT AVAIL

2.579¢ - 005
Loss 0f Offsite Power Single Unit
002 4160 vV AC POMER BUS A FAIL (WITH DGs LOSP)
002 MDP TO 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)
000 1/3 COM PMPs-1/4 5Gs FAILL NO SUPPORY
002 OA TO ESTABLISH BLEED AND FEED COOLING ~START S

68% 2.657¢-00%
Partial LOSS n Feeduater flow
/2 MDPs & 6 SGs FAIL- S MRS ALL SUPPORT
O00E«Q0C 1/3 CON PMPs-1/4 SGs FAILL NO SUPPOR Y
OO0E-002 CA TO ESTABLISH BLEED AND FEED COOLIN START §I

005

0.63% Z.8B02€ - 005
L5008 -002 Steam Generator Tube Rupture
S10E-003 2/2 MOPs & TOP- 3/3 SGs FAIL- S MRS- ALL SUPPORT
OP0E-003 DA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

0% 2.83%6¢-005
DO0E -004 Large Loss of Cooiant Accident
1B0E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLOD)
O00E«QO0 1/2 RMR PMPs TO 2/3 COLD LEGS- LLO NO SPRY
000E+000 2/6 WPIs- 2/3 CLEGS- LLO- NO SUPPORT
DODE+000 CCUs FAIL TC PROVIDE COOLING- 24 HRS- NO SUPPORT

0.49% 2.954¢

SO0E -001 Loss of Condenser

TO0E - REACTOR TRIP FAILS (DIVERSE SIGNAL WiITH OA) ALL SUPPORT
1.610E-007 INITIAL POWER LESS THAN 40%

D00E-00Y OA TO TRIP MG SETS

OTOE-00Y OA TO INSERT CONTROL RODS

6F0E-001 FULL AFW AND MDD CRI ALL SUPPORY AVAILL

9% 2.982€-00
Q0DE-002 Loss of Offsite Power (Duasl Unit)
&7T0E-002 4760 V AC POMER BUS A FAIL (WITH DGs LOSP)
QOOE-0C02 MDP TO 2/4 SGs FAIL- S MRS- TR B SPRY (NO TPA)
O0DE+D00 1/3 CON PMPs-1/4 SGs FAIL NO SUPPORT
BODE-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

&4X  3.088¢-005
DOE-002 Loss of Offsite Power (Single Unit)
4TODE-D02 4160 v AC POMER BUS A FAIL (WITH DGs LOSP)
DOOE-002 MDP TO 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)
Q00E-0D0 1/3 CON PMPs-1/4 SGs FAIL NO SUPPORT
OP0E-003 OA TO ESTABLISH HIGK PRESSURE RECIRC (INCLUDES OuP)

TE-005
000€ - 002 5 Offsite Power (Dual Unit)
&70E - 002 ¢ ) POMER BUS A FAIL (WITH DGs LOSP)
000€ - 002 { L SGs FAIL- S MHRS- TR B SPRT (NO TRA)
O0CE«000 1/ PHPs-1/6 SGs FAILL NO SUPPORT
430 -002 1/2 5764 CLEGS- TR B SPRY AVAIL

0.41% 3.233€-005
S00E -001 Turbine Trip
TO0E-00% REACTOR TRIP FAILS (DIVERSE SIGNAL
610¢ )1 INITIAL POMER LESS THAN 40%
QDOE-001 OA TO "HIP MG SETS
J1 OA TO INSERY CONTROL RODS
O TO ESTABLISKH EMERGENCY BORATION




56.

$95.

§7.

70,

n.

7.

81.

2.343€-007 0.47%  3.256€-005

P 1.500€+000 Partial Loss of Main Feedwater Flow

Afw 2.TI0E-005 2/2 MDPs & TOP- 2/4 SGs FAIL- 5 MRS- ALL SUPPORT

CoN 1.000€+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

OAR 6.090E-00% OA TO ESTARLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.267€-007 f40%  3.279E-005

" 7.300£-001 Turbine Trip

LAl 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL B.A10E-001 INITIAL POWER LESS THAN 40%

MG S.000E-001 OA TO TRIP MG SETS

ocr S.070E-001 OA TC INSERT CONTROL RODS

AFw B.850E-002 2/2 MDPs & TOP TO &4/4 SGs FAIL- S MRS - ALL SUPPORT
2.143E-007 0.38% 3.323E-005

11 7.300€-001 Turbine Trip

[ 34 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL B.6T0E-D01 INITIAL POWER LESS THAN 40X

OMG S.000€-001 OA TO TRIP MG SETS

AfW B.BS0E-002 2/2 MDPs & TDP T0 4/4 SGs FAIL- 9 HRS - ALL SUPPORY
1.809€ - 007 0.32% 3.457€-005

LosP1 4.1006-002 Loss of Dffsite Power (Single Unit)

LEKAC S.ATOE-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)

Afw 2.000€-002 MDP TO 2/4 $Gs FAIL- S HRS- TR B SPRT (NO TRA)

CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

PIR 4.490€-003 1/2 PIR PORVsE BLOCK VLVS FAIL TO OPER- TR B SPRT
1.710€-007 0.30% 3.564E-005

LME 5.300€-001 Loss of Main Feedwater Flow

RY 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL B.610E-001 INITIAL POMER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OocR S,070€-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABL ISH EMERGEMCY BORATION
1.646E-007 0.29%  3.580¢-005

LMF 5.300€-001 Loss of Main Feedwater Flow

R 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORY

PLL 8.6106-007 INITIAL POWER LESS THAN 40X

oM S.000E-001 OA 1O TRIP MG SETS

OCR S.0706-001 OA TO INSERT CONTROL RODS

AFW 8.850E-002 2/2 MOPs & TOP Y0 4/4 SGs FAIL- 5 HRS - ALL SUPPORY
1.556€-007 0.27%  3.644E-005

LMF 5.3006-001 Loss of Main Feedwater Flow

RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL E.610E-001 INITIAL POMER LESS THAN 40X

omG 5.000€-001 OA TO TRIP MG SETS

AFW B.B50E-002 2/2 MDPs & TDP TO &/4& SGs FAIL- 5 WRS - ALL SUPPORT
1.482€-007 0.26% 3.674E-005

SGR 2.500€-00Z Steam Generator Tube Rupture

AFW 2.510E-003 2/2 wOPe & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

HOR 2.530E-0C3 1/2 COPs- 1/2 RHR- ALL SUPPORT
1.629€-007 0.25% 3.732¢-005

L0 6.600E-003 Small Loss of Cooiant Accident

ESF 9. 2006 -004 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)

cece 2.550E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRY AVAIL

LP1 1.000€+000 LPI- 1/2 LPls- 3/4 CLEGS- NO SUPPORY
* 3726007 0.24%  3.801€-00%

LMF 5.3006-001 Loss of Main Feedwater Flow

AFW 2.7T'0E-00% 2/2 MOPs & TDP- 2/4 SGs FAIL- S WRS- ALL SUPPORT

CON 1.000E+000 1/3 CON PMPs-1/4 5Gs FAIL-- NO SUPPORY

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

E-5



el e | LT Y R

7
1
1
8
5
5
6
3
7
3
1
8
5
S
1

0.26% 3.815E-005

LTO0E-001 Safety Injection Signal (Inadv)
.700E-00%5 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) -

JA10E-001 INITIAL POMER LESS THAN &0%

.000E-001 OA TO TRIP MG SETS

,O70E-001 OA TO INSERT CONTROL RODS
(690F <001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

0.23% 3.842€-005

.S00E+000 Partial Loss of Main Feedwater Flow
L T00E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) -
LO00E-001 DA 10 TRIP MG SETS

.OTOE-O0Y OA TO (NSERT CONTROL RODS
JSS0E-001 OA TO ZSTABLISH EMERGENCY BORATION

0.20% 3.941€-005
.S00E+000 Partial Loss of Main Feedwater Flow

.700€ -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) -
L610E-001 INITIAL POMER LESS YHAN 40X
.000E-001 OA TO TRIP MG SETS

LO70€-001 OA TO INSERT CONTROL RODS
J130E-002 TOP TO 2/4 $Gs FAILS- 5 HRS - ALL SUPPORY
.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

0.20% 3.952€-005
.500£-001 Loss of Conclenser
.TO0E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
LH10E-001 INITIAL POWER LESS THAN 40%
.DDOE-001 OA TO TRIP MG SETS
LO70E-001 OA TO INSERT CONTROL RODS
L550E-001 OA TO ESTABLISH EMERGENCY BORATION




27,

5.

18.

24.

25.

26.

EVENT

Total plant damage state freguency = 5.800F-00%

FREQUENCY PERCENT SUM

VALUE DESCRIPTION

1.239¢ - 006 2.14%  9.2138-006

6.030€ -

PLL

PPR

SGR
AFy

4. 9B1E-

PMF
LAl
PLL

OCR
OBR

PME
RY
PLL

OCR
Afw

& TRRE-

MLO
ESF
LU
AFW
v
CCw

“.56%-

PMF
kY
PLL

.SO0DE+000 Partial Loss of Main Feedwater Flow

-T60E-005 REACTOR TYRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

LBV0E-00Y INITIAL POWER LESE THAN 40%

.O70E-001 OA TO INSERT CONTROL RODS

1
1
8
$.000E-007 OA TO TRIP MG SETS
5
2

L690E-001 FULL AFW AND NO CR! ALL SUPPORT AVAIL

E-7

006 1.98%  1.036¢-00%
4.100E-002 Loss of Offsite Power (Single Unit)
5.470E-002 4160 v AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
2.800E-002 1/2 CCPs- 1/2 RMR- TR A SPRT FAILS
007 1.72%  1.348E-005
4.1006-062 Loss cf Offsite Power (Single Unit)
5.470E-002 4160 v AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000€-002 MDP TO 2/4 SGs FAIL- S HWRS- TR B SPRT (NC TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
2.4306-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
007 1.04%  1.B46E-005
7.300€-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
B.6106-001 INITIAL POMER LESS THAN 40%
S.000E-001 OA TO TRIP MG SETS
S.070E-001 OA TO INSERT CONTROL RODS
2.690E-001 FULL AFW AND NO CR! ALL SUPPORT AVAIL
-007 1.02%  1.965E-005
2.500€-002 Steam Generator Tube Rupture
2.5106-003 2/2 MOPs & TDP- 3/3 SGs FAIL- S WRS- ALL SUPPORY
1.000£-002 OA TO ESTABLISH BLEED AND FEED COOLING
007 0.86% 2.27BE-005
1.5006+000 Partial Loss of Main Feedwater flow
1.760€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
S.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.0706-001 OA TO INSERT CONTROL RODS
1.550€ 001 OA 1O ESTABLISH EMERGENCY BORATION
007 0.83% 2.326E-005
1.5006+000 Partisl Loss of Main Feeawater flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
B.6T0E-001 INITIAL POMER LESE THAN 40%
S.CO0E-001 OA TO TRIP MG SETS
5.0706-001 OA TO INSERT CONTROL RODS
8. 860E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 WRS - ALL SUPPORT
oor 0.82% 2.373t-005
8.000E-004 Mectium Loss of Coolant Accident
7.360E-004 ENGINEERED SAFETY FEATURES TRAINS ARE FAIL (MLO)
1.000E+000 2/4 WPIs- 2/3 CLEGS- MLD- NO SUPPORT
1.000E+000 AFW - NO SUPPORT AVAILABLE
1.0006+000 CCUs FAIL TO PPOVIDE COOLING- 24 WRS- NO SUPPORT
1.0006+000 1/2 CCW TRAINS  NO SUPPORT
007 0.79%  2.419€-005
1.5006+000 Partial Loss of Main Feedwater Flow
1.760€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
B.610E-001 INITIAL POMER LESS THAN 40X
S5.0006-001 OA TO TRIP MG SETS
B.BS0E-002 2/2 MOPs & TOP T0 &/4& SGs FAIL- 5 MRS - ALL SUPPORT



28.

31.

32.

34,

37.

L2.

&5,

4“7,

$0.

8.

4. 3788 -007 C.75% 2..43E-005

L MF 5.300E-001 Loss of Main Feedwater Flow

RY 1.760€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH QA) - ALL SUPPORT

PLL B.S10E-GO1 INITIAL POMER LESS THAN 40%

MG 5.000E-001 OA TO TRIP MG SETS

OCR 5. 070E-001 OA YO INSERT CONTROL RODS

PPR 2.6906-001 FULL AFW AND NO CR! ALL SUPPORT AVAIL
4.153g-007 0.72%  2.5%0€-005

LosP 4.1006-002 Loss of Offsite Power (Single Unit)

LKAC S . 470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)

AFW 2.000E-002 MOP TO 2/4 SGs FAIL- S HRS- TR B SPRT (NC TRA)

CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

OAB 1.0006-002 OA TO ESTABLISH BLEED AND FEED COOLING -START S
& .059€-007 0.70% 2.6316-005

LLo 3.000€-004 Large Loss of Coolant Accident

ESF 1.4008 -003 ENGINEERED SAFETY FEATURES TRAIWS ARB FAIL (LLO)

Pl 1,0006+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT

WP 1.000E+000 2/4 WPis- 2/3 CLEGS- LLO- NO SUPPORT

ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
3.879¢-007 0.67% 2.T0BE-005

PMF 1.500€+000 Partial Loss of Main Feedwater Flow

bFW 2.7106-005 2/2 MDPs & TDP- 2/4 SGs FAIL- S HRS- ALL SUPPORT

con 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- 4O SUPPORT

OAB 1.0006-002 OA TO ESTABLISK BLEED AND FEED COOLING -START SI
3.587€-007 0.62% 2.817¢-00%

SGR 2.500€-002 Steam Generator Tube Rupture

Afw 2.5106-003 2/2 MOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

OAK 6.090£-003 OA TO ESTABLISH HIGH PRESSURE RECIRC wW/0 SPRAY
2.8%1E-007 0.50x 2.971€-005

Lot 3.5006-001 Loss of Condenser

RY 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGMAL WITH DA) - ALL SUPPORT

PLL B8.6106-001 INITIAL POMER LESS THAN 40X

¢ 19 S.000E-001 OA TO TRIP MG SETS

OCR S.070E-001 OA TO INSERT CONTROL RODS

PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
2.799€-007 0.48% 2.999€-005

LOSP2 1.000€6-002 Loss of Cffsite Power (Dual Unit)

LKAC S.47DE-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)

AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HWRS- YR B SPRT (NO TRA)

CON 1.00NE+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORY

PR 2.800E-002 1/2 CCPs- 1/2 RWR- TR A SPRT FAILS
2.511€-007 0.43%  3.104E-005

LOSP1 4. 100E-002 Loss of Offsite Power (Single Unit)

GKAC S.4TOE-002 4160 V AT POWER BUS A FAIL (WIiH DGs - LOSP)

AfW 2.0006-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

COM 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

DAR 6.090E-003 OA TO ESTABLISH WIGH PRESSURE RECIRC (INCLUDES OLP)
2.437€-007 0.42% 3,178BE-005

LOSP2 1.000€-002 Loss of Offsite Power (Dual Unit)

“EAC S.4TOE-002 4160 V AC POWER BUS A FAIL (MITH DGs - LOSP)

AFW 2.0006-002 ¥DP TO 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)

CON 1.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

WPl 2.4306-002 1/2 CCPs- 3/4 CLEGS- TR B SPRY AVAIL- LOSP
2 .424E- 007 0.62% 3.2026-005

1" 7.300€-001 Turbine Trip

RY 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL B.610E-001 INITIAL POMER LESS THAN 40%

omG S.000E-001 OA TO TRIP MG SETS

ocR S.070€-00" OA YO INSERT CONTROL RODS

O8R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION



TOP Case: Solid State Protection System, 2 of 4 Logic (Cont'd)

54. 2.348¢-007 0.40%  3.274E-00%

7 7.300€-001 Turbine Trip
RY 1.760E- 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
MG 5.0006-001 OA TO TRIF MG SETS
OoCcR S.0706-001 OA TO INSERT CONTROL RODS
afw 8.8B60E-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- S HWRS - ALL SUPPORY
7

55. 2.342¢-00 D.40% 3.297€-005

M 1.500E+000 Partial Loss of Main Feedwater flow

AfW 2.7106-005 2/2 MDOPs & TOP- 2/4 $Gs FAIL- 5 HRS- ALL SUPPORT
CON 1.000€+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

OAR 6.0906-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

57, 2.220€-007 0.38% 3.342E-00%

" 7.300€-001 Turbine Trip

RT 1.760E-00% REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B.610E-001 INITIAL POWER LESS THAN &0%

OMG 5.000€-001 OA TO TRIP MG SETS

Afw 8.860E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

63. 1.879¢-007 0.32% 3.45BE-005

SLO 6.600E-003 Small Loss of Conlant Accident

ESF 1.210E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
cee 2.5506-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL

LPI 1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

66. 1.8C1€-007 0.31% 3.513€-005

LOsPY 4.100E-002 Loss of Offsite Power (Single Unit)

CKAC S.4TOE-002 4160 vV AC POWER BUS A FAIL (WITH DGs - LOSP)

AfW 2.000E-002 MDP TD 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- NC SUPPORT

PR 4. 490E-003 1/2 PZR PORVséE BLOCK VLVS FAIL TO OPER- TR B SPRY

70. 1.760€-007 0.30% 3.584E-005

LMF 5.3006-001 Loss of Main Feedwater Flow

RY 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.0006-001 OA TO TRIP MG SETS

OCR 5.0706-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISK EMERGENCY BORATIOM

re. 1.705€ -007 0.29% 3.619€-005

LMF S.3006-001 Loss of Main Feedwater Flow
RY 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITK OA) - ALL SUPPORY
PLL 8.610E-001 INITIAL POMER LESS THAN 40%
MG S.000E-001 OA TO TRIP MG SETS
OCR $.0706-007 OA TO INSERT CONTROL RODS
AFW B.BS0E-002 2/2 MDPs & TDP YO 4/4 SGs FAIL- S HRS - ALL SUPPORY
76. 1.6126-007 0.28% 3.683E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
R 1.760E-00%5 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B.610E-001 INITIAL POMER LESS THAN 4LD%
OmG 5.000€-001 OA TO TRIP MG SETS
AFW B.8B60E-002 2/2 MDPs & TDP T0 4/4 SGs FAIL- S MRS - ALL SUPPORTY

78. 1.481€-0C7 0.26% 3.713E-005

2.500€-002 Steam Generator Tube Rupture

AFw 2.5106-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
2.530E-008 1/2 CCPs- 1/2 RMR- ALL SUPPORT

83. 1.40&E- 007 D.24%  3.785E-005

1.700€-001 Safety Injection Signal (Inadv)
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL 4ITH GA) - ALL SUPPORT
B.610E-001 INITIAL POWER LESS THAN 4&0%

S.0006-001 OA TO TRIP MG SETS
5
2

.O70E-001 OA TO INSERT CONTROL RODS
L6P0E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL



ar.

100.

1
PME
RY
OMG
ocR
0BR

1
MLO
ESF
LPR

1
LMF
AFwW
CON
OAB

1
MLO
ESF
LPR

PMF
LAl
PLL

OocR
AFW
PPR

1
Loc
RT
PLL
OMG
OoCR

376K - 007
1
1

$

S.
1

.373E-007
8
2
8

371€-007
5
b4
1
1

.370€-007
8
g
8

293¢ -007

WOV - -

. 162€-007

3
1
8
]
S
1

0.26%  3.B40€-005
.5006+000 Partial Loss of Main Feedwater Flow
.T60E -005 REACTOR TRIF FAILS (DIVERSE SIGNAL WiTH OA) - ALL SUPPORT
LODOE-001 OA TO TRIP MG SETS
O70E-001 OA TO INSERY CONTROL RODS
L5506-001 OA TO ESTABLISH EMERGENCY BORATION

1
0.26%  3.85GE-005
O00E -004 medium Loss of Coolant Accident

L420E-002 ENGINEERED SAFETY FEATURES TRAIN B FAILS (MLO)

OGOE-003 1/2 RPMPs CLEG REC 1/3 CL- MLD- TR A SUPPORT AVAIL

0.26% 3.B867E-005
.3006-001 Loss of Main Feedwater Flow
LTI0E-005 272 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORY
.DDOE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
.000E-002 OA TO ESTABLISK BLEED AND FEED COOLINC -START SI

0.264% 3.881E-005
.000€ -004 Medium Loss of Coolant Accident
L&20E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
.DLOE-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL

0.22% 3.934E-005
.S00E+000 Partial Loss cf Main Feedwater Flow
.760E -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
LG10E-001 INITIAL POWER LESS THAN 40%
.O00E-001 OA TO TRIP MG SETS
LOTOE-D0Y OA TO INSERYT CONTROL RODS
.S560E-002 TOP TO 2/4 SGs FAILS- 5 MRS - ALL SUPPORT
L620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

0.20%  4.006E-005
.S00€-001 Loss of Condenser
.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
LBI10E-007 INITIAL POWER LESS THAN 40X
.O00DE-001 OA TO TRIP MG SETS
LO706-00% OA TO INSERT CONTROL RODS
LS50E6-001 OA TO ESTABLISH EMERGENCY BURATION

E-10



Pr

Total plant damage state frequency = 5.835¢-005

NUMBER FREQUENCY PERCENT SUM

S,

22.

25.

26,

7.

EVENT

VALUE DESCRIPTION

1.265¢ -006 2.7T%  9.238E-006

PMF
LA

PLL
MG
OCR
PPR

1.167¢-

LosP1
GKAC
AfwW
CoN
HPR

9.975¢ -

LOSPY
“KAL
AFW
CON
L

6. 155€-

T
KT
PLL
OMG
OCR
PPR

5.898€ -

SGR
AFwW
OAB

5.0B4E -

PMf
RY

PLL
OMG
OCR
OBR

4. 939

PMF
RY

PLL
OMG
OCR
AFw

4. 781

MLO
ESF
UL
hFw
ccu
Clw

FHE
RT
PLL

Afw

o
o
N e N-NU'.‘§ L B -

o
o
~

3

8 e
~

8

1.5006+000 Partial Loss of Main Feedwater Flow

LB00E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
LHI0E-001 INITIAL POWER LESS THAN 40%
.000E-001 DA TO TRIP MG SETS
LO70E-001 OA TO INSERT CONTROL RODS
.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
1.97%  1.039€-005
.100E-002 Loss of Offsite Power (Single Unit)
WTOE-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)
Q00E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
LO0DE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
1.71%  1.350€-005
100E-002 Loss of Offsite Power (Single Unit)
LWTOE-D02 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
.O00E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
.O00E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
1.05% 1.728€-005
7.3006-001 Turbine Trip
1.800£-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORTY
8.610E-001 INITIAL POWER LESS THAN 40%
S.0D0E-001 OA TO TRIP MG SETS
5.0706-001 OA TO INSERT CONTROL RODS
2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
7 1.07%  1.968E-005
2.500€-002 Steam Generator Tube Rupture
2.5706-003 2/2 MOPs & TDP- 3/3 SGs FAIL- 5 WRS- ALL SUPPORT
1.000€-002 OA TO ESTABLISN BLEED AND FEED COOL ING
7 0.87% 2.1826-005
1.5006+000 Partial Loss of Main Feedwater flow
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGMAL WITH OR) - ALL SUPPORT
8.610E-007 INITIAL POMER LESS THAN 40%
5.000€-001 OA TO TRIP MG SETS
S.07CE-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
0.85% 2.331E-005
1.5006+000 Partial Loss of Main Feedwater Flow
1.800€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
8.670E-001 INITIAL POMER LESS THAN &0%
5.0006E-001 OA TO TRIP MG SETS
5.070E-007 DA TO INSERY CONTROL RODS
8.B70E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 NRS - ALL SUPPORY
7 0.82% 2.379¢-00%
& .000€-004 Medium Loss of Coolant Accident
7.420E-004 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (MLOD)
1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
1.000E+000 AFW - NO SUPPORT AVAILABLE
1.000E+000 CCUs FAIL T0 PROVIDE COOLING- 24 WRS- NO SUPPORT
1.000€+000 1/2 CCW TRAINS - NO SUPPORT

-007 0.80% L= SE-005

1.5006+000 Partial Loss of Main Feedwater Flow

1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POMER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

B.870E-002 2/2 MOPs & TDP 10 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

E-11



28.

31,

32.

34.

37.

1.

43,

e7.

L8,

§1.

2.5118-00
LOSPY
LKAC
AFW
CON
OAR

L e i |

2.474E -007
1
RT
PLL
omMG
OCR
OBR

e

2.4336-007
LOSP2
4KAC

Com
WP

1
5
AFW 2.
1
2

0.77%  2.470€-005
.300€-007 Loss of Main Feedwater Flow
.BOOE-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPOR1
LHI0E-00Y INTTIAL POMER LESS THAN 4D%
.DDOE-001 OA TO TRIP MG SETS
.O70€E-001 OA TO INSERT CONTROL RODS
LB90E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

0.71%  2.598€-00%
.100E-002 Loss of Offsite Power (Single unit)
L70E-002 4160 vV AC POWER BUS A FAIL (WITH DGs - LOSP)
.O00E-002 MDP TO 2/4 SGs FAIL- 5 MRS- TR B SPRT (NO TRA)
.O00E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
.D00F-002 OA TO ESTABLISH BLEED AND FEED COOLING -STAKY &1

0.71%  2.639E-005
.000E-004 Large Loss of Coolant Accident
A30E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLD)
.O00E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
.O00E+000 2/4 WPIs- 2/3 CLEGS- LLO- NO SUPPORY
.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 WRS- NO SUPPORT

0.66% 2.717e-005
.S00E+000 Partiel Loss of Main Feedwater Flow
LT10E-00S 2/2 MDPs & TOP- 2/4 SGs FAIL- S HRS- ALL SUPPORY
.D00E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
.D00E-002 OA YO ESTABLISH BLEED AND FEED COOLING START SI

0.61%  2.B25¢-005
.S00E-002 Steam Generator Tube Rupture
LS10E-0C3 2/2 MOPs & TOP- 3/3 SGs FAIL- 5 WRS- ALL SUPPORT
L090€-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

0.51X  2.950€-005
.S00E-001 Loss of Condenser
LBCOE-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DAY - ALL SUPPORT
S10E-007 INITIAL POWER LESS THAN 40X
L000E-001 OA TO TRIP MG SETS
LO7OE-D0Y OA TO INSERT CONTROL RODS
L690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

0.48% 3.007&-005
.000E-002 Loss of Offsite Power (Dual Unit)
LA70E-002 4160 Vv AC POWER BUS A FAIL (WITH DGs - LOSP)
.D00E-002 MDP TO 2/4 SGs FAIL- S MRS- TR B SPRT (MO TRA)
.O00E+000 1/35 COM PMPs-1/4 SGs FAIL-- NO SUPPORT
.BODE-002 1/2 CCPs- 1/2 RHR- TR A SPRY FAILS

0.63%  3.1136-005
100€-002 Loss of Offsite Power (Singie Unit)
ATOE-D02 4160 Vv AC POVER BUS A FAIL (WITH DGs - LOSP)
LO0DE-002 MDF TO 2/4 SGs FAIL- S MRS- TR B SPRT (NO TRA)
.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
LCPOE-D03 OA TO ESTABLISH HIGH PRESSURE RECIRC {INCLUDES OLP)

0.62%  3.138€-005

7.300€-001 Turbine 1rip

-BODE-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
G10E-007 INITIAL POMER LESS THAN 40%

.000E-001 OA TO YRIP MG SETS

LO706-001 OA TO INSERT CONTROL RODS

JSS0E-001 OA TO ESTABLISH EMERGENCY BORATION

0.42% 3.211€-00%
.D00E-002 Loss of Offsite Power (Duel Unit)
ATOE-002 4160 vV AC POMER BUS A FAIL (WITH DGs - LOSP)
ODOE-002 MDP TO 2/4 SGs FAIL- 5 MKS- TR B SPRT (NO TRA)
.DDOE+D0D 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORY
G30E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

E-12



95.

56.

59.

69.

s

2.404€E-007 0.41%  3.283£-00%

" 7.300€-001 Turbine Trip
RY 1.B00E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
PLL B.G10E-001 INITIAL POWER LESS THAN 40%
omG 5.000E-001 OA TO TRIP MG SETS
ace 5.070E-001 OA YO INSERT CONTROL RODS
AFW 8.B70€-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 MRS - ALL SUPPORT
2.3426-007 0.640% 3.307€-005
P 1.5006+000 Partial Loss of Main Feedwater flow
AFW 2.7T10E-005 2/2 MDPs & TODP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
con 1.000E+000 1/3 CON PMPs-1/4 SGs FALL-~ NO SUPPORT
QAR &.090E-003 OA TO ESTABLISH HIGK PRESSURE RECIRC (INCLUDES OLP)
2.272¢ 007 0.39%  3.329€-005
" 7.300€-001 Turbine Trip
Ry 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
PLL B.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-0C1 OA TO TRIP MG SETS
AFw B.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- S KRS - ALL SUPPORT
2.003€-007 0.34%  3.393£-005
SLO 6.600€6-003 Small Loss of Coolant Accident
ESF 1.290€-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
cce ¢.550E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL
LPl 1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORY
1.798€-007 0.31%  3.524E-005
LOSPY 4.100E-002 Loss of Offsite Power (Single Unit)
LKAC 5.670E-002 4160 v AC POWER BUS A FAIL (WITH DGs - LOSP)
AFM 2.000E-002 MDP TO 2/4 SGs FAIL- 5 MRS- TR B SPRT (NO TRA)
CON 1.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
PR 4.490E-003 1/2 PZR PORVSE BLOCK VLVS FAIL TO OPER- TR B SPRT
1. 796€ -007 0.31% 3.578€E-00%
LMF 5.300€-001 Loss of Main Feedwater Flow
RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
MG 5.000E-001 OA TO TRIP MG SETS
OCR S.0706-001 OA 10 INSERT CONTROL RODS
D8R 1.550€-001 OA TO ESTABLISH EMERGENCY BORATION
1.745€-007 0.30% 3.6136-005
LMF 5.3006-001 Loss of Main Fesdwater Flow
RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
PLL B.610E-001 INITIAL POWER LESS THAN 40%
OMG S.000E-001 OA TO TRIP MG SETS
OCR 5.070€-001 OA TO INSERT CONTROL RODS
AFw 8.870E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
1.650€-007 0.28% 3.647E-005
LMF 5.300E-CO1 Loss of Main Feedwater Flow
RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B.610E-001 INITIAL POWER LESS THAN 40X
OMG S.000E-001 OA TO TRIP MG SETS
AFW B.870L-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 WRS - ALL SUPPORT
1.4818-007 0.25%  3.726€-005
SGR 2.500€ -002 Steam Generator Tube Rupture
AFW 2.5706-003 2/2 MOPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530€-003 1/2 CCPs- 1/2 RHR- ALl SUPPORT
1,458€-007 0.25% 3.755&-005
MLO B.000€-004 Medium Loss of Coolant Accident
ESF 2.570€-002 ENGINEERED SAFETY FEATURES TRAIN B FAILS (MLO)

LPR 8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR A SUPPORT AVAIL




83.

85.

92.

98.

1
L
£SF
LPR

1
s1s
LA
PLL
OMG
OCR
PPR

1
PHF
L
OMG
OCR
OBR

1
LMF
Afw
CON
OAB

MLO
ESF
LPI

.4S55€-007 0.25% 3.770€-005
8.000E -004 Medium iLoss of Coolant Accident
2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
B.04L0E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR B SUPPORY AVAIL

4I3E-007 0.25% 3.798€-005

.700€-001 Satety Injection Signal (Inadv)

.BO0E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH TA) - ALL SUPPORT
L10E-001 INITIAL POWER LESS THAN 40%

LO00E-007 OA TO TRIP MG SETS

LO7T0E-001 OA TO INSERT CONTROL RODS

L690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

ECRC RV . I

L&O7E-007 0.26% 3.826¢-005

1.5006+000 Partial Loss of Main Feedwater Flow

1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
5.0006-00Y OA TO TRIP MG SETS

S.070E-GOY OA YO IMSERT CONTROL RODS

1.5506-001 OA 7O ESTABLISH EMERGENCY BORATION

.370E-007 0.23%  3.896E-005
5.3006-001 Loss of Main Feedwater flow
2.7106-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 WRS- ALL SUPPORT
1.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START S|

.351€-007 0.23% 3.923€-00S

LS00E+000 Partial Loss of Main Feedwater Flow

LBO0E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
LG10E-001 INITIAL POWER LESS THAN 40X

.0D0E-001 OA TO TRIP MG SETS

LOTOE-00Y LA TO INSERT CONTROL RODS

LTOOE-002 TOP TO 2/4 SGs FAILS- S HRS - ALL SUPPORT

L6206-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

WOV -

L2156-007 0.21%  3.998€-005
B8.000E-004 Medium Loss of Coolant Accident
2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
6.660E-003 1/2 RPMPs- 2/3 CLEGS- MLO- TR A SPRT FAILS



tal plant damage state ¢

FREQUENCY PERCE

HUMBER
: A

EVENT

JE

€ ¢
S00¢ +00C
200€ - 005
01

11

re

? MDP 10 2/64

002
002
+00C

002

03%
S00E - 002
003
)02
02%
,)' 1

00%

300€
700¢
¢10¢

J00¢
070¢
£90¢

0.85%

«000
005
001
001

001

S00E
700€E

0.82%

«000
005
001
00t
001
002

700
610€
000E
070¢

870¢

78%
004
004

+000

. D0D0E
9108

. OO0
000E +000

000E +000

+00C

0.77%

+000
008
001
001
002

S00¢
700¢
610

JO0E
B70¢

%.717€-00%

requency
NT SUM
DESCRIPT!

Main Feedwater Flow
(DIVERSE SIGNAL W
THAN 40%

Partial Loss of
REACTOR TR FAILS
INITIAL POMER LESS
OA TO TRIP MG SETS
OA TO INSERT CONTROL
FULL AFW AND NO CRI AL

1P

RODS

SUPPORT AVAIL
032¢
f Offsite Power
AC POWER BUS A FAIL (WITH DGs
SGs FAIL 5 HRS- TR B
3 CON PMPs-1/4 SGs FAILL NO
2 RHR TR A SPRT FAILS

005
Unit)

Loss ©
4160 v

(S51ngle

1/2 ©CPs

346€ - 005
)¢ Offsite Power
4160 v AC POMWER BUS A
MDP TO 2/4 SGs FAIL

1/ CON PMPs-1/4
CCPs- 3/4 CLEGS

(Single Unit)
FAIL (WITH DGs
5 HRS- TR
SGs FAIL NO

TR B SPRT

0ss

1/2 AVAIL
1.903€-00%
Steam Generator
2/2 MDPs & TOP
OA TO ESTABLISK

Tube Rupture
3/3 SGs FAIL- S
BLEED AND FEED

MRS

1.962€ - 005
furbine Trip
REACTOR TRIP
INITIAL POMER
OA TO TRIP MG
OA INSERT
FULL AFW AND NO

FAILS
LESS
SETS

CONTROL

CR1

(DIVERSE SIGNAL
THAN 40X

RODE
ALL SUPPORT AVAIL

5 27 a0
2. 2T4E-D0S

Partial Loss of Main Feedwater Flow
REACTOR TRIP FAILS (DIVERSE SIGNA.
INITIAL POWER LESS THAN &0%

OR TO TRIP MG SETS

OA INSERT CONT RODS

Oh ESTABLISH EMERGENCY BORATION

Wi

10 o
3¢ UL

10

2.320€-0CS
Partial Feedwater Flow
(DIVERSE SIGNAL

THAN 40%

Loss of Main
REACTOR TRIP FAILS
INITIAL POMER LESS
OA TRIP MG SETS
OA TO INSERT CONTROL RODS

2/2 MOPs & TDP TO 4/4 SGs FAILL

"

2.365¢
Medium Loss
ENGIMNEERED
2/764 WPIs- 2/3 CLEGS- MLO- NO SUPPORY
AFW NO SUPPORT AVAILABLE
CCUs FAIL TO PROVIDE COOLING- 24 MRS
172 CCW TRAINS MO SUPPORTY

005

of Coolant Accident

2.409€ - 005
Partia of Main Feedwater Flow
REACTOR TRIP FAILS (DIVERSE S
INITIAL POWER LESS THAN 40%
OA TRIP MG SETS

2/2 WOPs & TDP TO &/4 SGs FAIL- 5

LOSS

"
U

SPRT
SUPPORT

B SPRY
SUPPORT

ALL
COOL ING

wWiTH

IGNAL WITH

HRS

T

LOSP

(NO

)

TRA)

LOSP)

(NO

LOSP

WiTH OA)

OA)

OA)

SAFETY FEATURES TRAINS A&B FAIL

TRA)

SUPPORT

AL SUPPORY

ALL SUPPORT

(MLC)

NO SUPPORT

ALL

Ok )

ALL SUPPORT

SUPPOR Y




29.

30.

32.

L2,

o3,

“9.

53.

Pre-TOP Case: Solid State Protection System, 2 of 3 Logic (Cont’d)

4. 262€-007 C.75%  2.4956-00%
(48] 3.000€-004 Large Loss of Coolant Accident
ESF 1.470E-003 ENGINEERED SAFETY FEATURES TRAINS A&S FAIL (LLD)
LPl 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRTY
LU 1.000€+000 2/4 WPIs- 2/3 CLEGS- LLO- NO SUPPORT
ccy 1.000€+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
4.251-007 0.74% 2.538&-005
LMF 5.300E-001 Loss of Main Feedwater Flow
RY 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.6106-001 INITIAL POWER LESS THAN 40%
omG 5.000E-001 OA TO TRIP MG SETS
OCr 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
4 A71E-007 0.73%  2.6226-005
LOSP1 4.100€-002 Loss of Offsite Power (Single Unit)
LEAC 5.470€-002 4160 vV AC POMER BUS A FAIL (WITH DGs - 10SP)
AFW 2.000€-002 MDP TO 2/4 SGs FAIL- S HRS- TR B SPRT (MO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000€-002 OA TO ESTABLISH BLEED AND FEED COOLING -START §I
3.881€-007 0.68% 2.699€-005

PME 1,5006+000 Partial Loss of Main Feedwater Flow

AFW 2.7T10E-005 2/2 MOPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

OAB 1,000€-002 OA TO ESTABLISH BLEED AND FEED COOLIMG -START S§1
3.589€-007 0.63% 2.844E-005

SGR 2.500€-002 Steam Generator Tube Rupture

AFW 2.510E-003 2/2 MDPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

OAR 6.090E-003 OA TO ESTABLISH KIGH PRESSURE RECIRC W/0 SPRAY
2.807e-007 0.49%  2.962E-005

LocC 3.5006-001 Loss of Condenser

RY 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OR) - ALL SUPPORTY

PLL B.610E-001 INITIAL POMER LESS THAN 40X

oG S.000€-001 OA TO TRIP MG SETS

OCR S.070E-001 OA TO INSERT CONTROL RODS

PPR 2.690E-001 FULL AFW AND NO CR! ALL SUPPORT AVAIL
2.T99€-007 0.49%  2.9526-00%

Los»2 1.000€-002 Loss of Offsite Power (Dual Unit)

4KAC 5.470€-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)

Al 2.000E-002 MDP TO 2/6 SGs FAIL- 5 WRS- TR B SPRT (NO TRA)

CoN 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- MO SUPPORT

HPR 2.800E-002 1/2 CCPs- 1/2 RMR- TR A SPRT FAi.S
2.5126-007 D.64%  3.096F-005

LOsP1 4.100E-002 Loss of Offsite Power (Single Unit)

LEAL 5.470E-002 4160 vV AC PFOWER BUS A FAIL (WITH DGs - LOSP)

AFW 2.000E-002 MOP TO 2/4 SUs FAIL- S HRS- TR B SPRT (NO TRA)

ol ] 1,.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORY

OAR 6.0906-003 OA TO ESTABLISH HIGHN PRESSURE RECIRC (INCLUDES OLP)
2.64BE-007 0.43X  3.145E-00%

LOSP2 1.0008-002 Loss of Offsite Power {(Dual Unit)

LKAC S.4T0E-002 4160 vV AC POWER BUS A FAIL (WITE DGs - LOSP)

L 2.000E-002 MDP TO 2/4 SGs FAIL- S WRS- TR 8 SPRT (NO TRA)

CON 1.000€+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORY

L 2.4306-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

2.354€-007 0.41%  3.241E-005

141 7.300€ -001 Turbine Trip

L 1.700€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL wITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POMER LESS THAN 40%

MG 5.000€-001 OA TO TRIP MG SETS

OCR 5.070€-001 OA TO INSERT CONTROL RODS

OBR 1.550€-001 OA TO ESTABLISK EMERGENCY BORATIOM

E-16



priveL PR
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S6.

55,

57

70.

.

81,

2.343€
AFw
CON
OAR

2. 272~

"
RY
PLL
OMG

AFW
17
R
PLL

AFw

1.8B09E -

LOSN

AFW
COon
PR

LMF
RT
PLL

oce

LMF
L3}
PLL

Al

1.559¢ -

LMF
RY
PLL

AFw

SGR
Afw
PR

1,429
SL0
(31
cce
Pl

1.37€-

-00

-007

-

<
o
-~ NNNN

00

Ay
8

i

| 323%

0.41%  3.265€-005

.500£+000 Partial Loss of Main Feedwater flow

TV0E-005 2/2 MOPs & TOP- 2/4 8Gs FAIL- S HRS- ALl SUPPORT
.D0D0E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

LO90E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

0.40% 3.287€-00%

.300£-061 Turbine Trip

.TODE-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
LBI0E-001 INITIAL POWER LESS THAN 40X

LDODE-001 OA TO TRIP MG SETS

.O70E-001 OA TO INSERT CONTROL RODS

LB70E-002 2/2 MDPs & TDP 1O 4/4 SGs FAIL- 5 WRS - ALL SUPPORTY

0.38% 3.331%-005

LT00E-001 Turbine Trip

.TOOE-D05 REACTOR YRIP FAILS (DIVERSE SIGNAL WITH ODA) - ALL SUPPORT
LGY0E-001 INITIAL POMER LESS THAN &0%

LO0D0DE-001 OA TO TRIP MG SETS

LBTOE-002 2/2 MDPs & 0P TO 474 SGs FAIL- 5 MRS - ALL SUPPORT

0.32%  3.466E-005

N00E-002 Lons of Offsite Power (Single Unit)

LATOE-DC2 4160 v AC POMER BUS A FAIL (WITH DGs - LOSP)
.000%-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRPT (NO TRA)
.D00E+000 1/3 CON PMPL-1/4 SGs FAIL-- NO SUSPORT

L4D0E-003 1/2 PZR PORVsE BLOCK VLVS FRIL TO OPER- TR B SPRY

0.30%x 3.5726-005
30(! 001 Loss of Main Feedwater Flow
TOUE -005 REACYOR TKIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
LG10E-D07 INITIAL POWER LESS THAN 4O%
LO00E-001 OA TO TRIP MG SETS
LO70€-007 OA TO INSERT CONTROL RODS
JSS0E-00Y OA YO ESTABLISH EMERGENCY BORATION

0.29% 3.588¢-005
<001 Loss 'f Main Feedwater flow
<005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
<007 INITIAL POMEX LESS THAN 40X
OA TO TRIP MG SETS
1 0A YO INSERT CONTROL RODS
2 2/2 MDPs & TDP TO 474 SGs FAIL- 5 WRS - ALL SUPPORT

§o
=
=

<001
-00
-00

33

0.27%  3.653€-005

<001 Loss of Main Feedwater Flow

~005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
<001 INITIAL POWER LESS THAN 40%

-00Y OA TO TRIP MG SETS

<002 2/2 MDPs & TDP YO &/4 SGs FAIL- 5 HRS - ALL SUPPORT

3%%5%

L26%  3.683E-00%

-002 Steam Generainr Tube Rupture

-003 272 MOPs & T0F- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
<003 1/2 CCPs- 1/2 RMR- AL'. SUPPORT

%35

G.25%  3.740€-005

~003 Small Loss of Coolant Accident

-D0& ENGINEERED SAFETY FEATURES TRARIN A FAILS (OTHERS)
-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL

+000 LPI- 1/2 LPIs- 3/4 CLEGS- MO SUPPORT

0.24% 3.810€-005

-001 Loss of Main Feedwater Flow

~005 2/2 MDPs & TOP- 2/4 SGs FAIL- S MRS- ALL SUPPORT
«000 1/3 CON PMPs-1/4 5Gs FAIL-- NO SUPPORT

DE-002 OA TO ESTABLISH BLEED AND FEED COOLIWNG -STARY §!

1



87.

e7.

98.

100.

1.363€ -007
§is 1
RY 1
PLL [}
oML 5
ocR 5
PR 2

1.330€-007
PME 1
RT 1
oM ]
OCR 5
OBR 1

1.172€-007
i 1
RY 1
PLL 8
OMG ]
OCR $
Afw [
pPR 3

1.129¢-007
Lot 3
RT 1
PLL 8
MG 5
OCR b
OBk 1

1.089€-007
Lot 3
RY 1
PLL 8
MG 5
OcR S
AfW 8

0.264%  3.B24E-005
.TO0E-001 Safety Injection Signa! (Inadv)
.TO0E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) -
L610E-001 INITIAL POWER LESS THAN 4D%
.000E-001 OA TO TRIP MG SETS
LOTOE-001 OA TO INSERT CONTROL RODS
SAPE-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

0.23%  3.8508-00%
.SC0E+000 Partial Loss of Main Feedwater Flow
LT00E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
LO000E-001 OA YO TRIP MG SETS
LOTOE-00Y OA TO INSERY CONTROL RODS
LSS0E-001 O& YO ESTABLISH EMERGENCY BORATION

0.20%  3.949E-005
.S00E+D00 Partial Loss of Mein Feedwater Flow
.TOOE -005 REACTOR TRIP FAILS (DIVERSE Slow’
LGI0E-001 INITIAL POMER LESS THAN 40%
LO00E-001 OA TO TRIP MG SETS
LO7DE-001 OA TO INSERY CONTROL RODS
JAS0E-002 TOP TO 2/4 SGs FAILS- 5 MRS - ALL SUPPORT
LG20E-007 PARTIAL AFW AND NO CRI ALL SUPPORY AVAIL

0.20%  3.960¢-005
JS5C0€-001 Loss of Condenser
LTOCE-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
L610E-001 INITIAL POWER LESS THAN 4O%
.000E-001 OA TO TRIP MG SETS
LO70E£-001 OA TO INSERY COMTROL RODS
JSSOE-001 DA TO ESTABLISH EMERGENCY BORATION

0.19%  3.982¢-005
.S500E-001 Loss of Condenser

.TOOE-005 REACTOR TRIP FAILS (DIVERSE SIGWAL WITH OA) -

L6I0E-001 INITIAL POMER LESS THAN 40X

.QOOE-001 OA YO TRIP MG SETS

LO70E-001 OA TO INSERT CONTROL RODS

B70E-002 2/2 MDPs & TDP T0 4/4 SGs FA(L- & MRS -

WITH OA) -

ALL SUPPORT

- ALL SUPPORTY

ALL SUPPORY

+ ALL SUPPORT

ALL SUPPORT

ALL SUPPORT
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9.

25.

26,

27.

Westinghouse Propnetary Class 2C

Total plant demage state freguency = 5.832E-005

EVENT

1.237-

PMF
RT

PLL
oG
OCR
PPR

1.167€-

LOsP1
LKAC
Afw
CON
HPR

9. 986€
LOSPY
4KAC
AFW
CoN
WPl

6. LI2E-

LLo
ESF
LPl
el
ceu

€.021€
T
RY
PLL

ock
PPR

REW
OAB

o VTLE -

PME
RY
PLL

OCcR

4. B50€ -

PMF
LA
PLL

OCR
Afw

MLD
ESF
WP
Abw
cce
Clw

-00

-00

FREQUENCY PERCENT  SUM

VALUE DESCRIPTION

006 2.12%  9.208¢-006
1.5006+000 Partial Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
B.A10E-001 INITIAL POMER LESS THAN 4O0%
5.000E-00Y OA T0O TRIP MG SETS
S.070E-001 OA TO INSERT CONTROL RODS
2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

006 1.97%  1.036E-005

L100E-002 Loss of Offsite Power (Single Unit)

AT0E-002 4160 vV AC POMER BUS A FAIL (MITH DGs - LOSP)
.ODOE-002 MOP 10 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)
.O00E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
B00E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

“
5
2
1
2.
7 1.71%  1.34BE-00%

4, 1006-002 Loss of Dffsite Power (Single Unit)

5. 4T0E-002 4160 vV AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRY (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

7

3.

2.

1.11%  1.729€-005
000€ -004 Large Loss of Coolant Accident
2640E-003 ENGINEERED SAFETY FEATURES TRAINS AKB FAIL (LLO)
1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
1.0006+000 2/4 WPIs- 2/3 CLEGS- LLO- NO SUPPORT
1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

plg

7 1.03%  1.910€-005

7.300€ -00" Turbine Trip

1.760€ -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
B.610E-001 INITIAL POMER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.0706-001 OA TO INSERT CONTROL RODS

2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

7 1.01%  Z.029€-005

2.500€-002 Steam Generator Tube Rupture

2.510E-008 2/2 MDPs & TOP- 3/3 SGs FAIL- 5 WRS- ALL SUPPORT
1.0006-002 OA TO ESTABLISK BLEED AND FEED COOLING

7 0.85% 2.342E-005

1.500E+000 Partisl Loss of Main Feedwater +low

1,760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POMER LESS THAN 40%

5 000E-00Y OA TO TRIP MG SETS

5. 070E-001 OA TO INSERY CONTROL RODS

1.550€-00% OA TO ESTABLISH EMERGENCY BORATION

0.83% 2.390£-005
.S00E+000 Partial Loss of Main Feedwater Flow
7608 -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
LSI0E-001 INITIAL POMER LESS THAN 40%
.O00E-00Y OA TO TRIP MG SETS
LOT0E-001 OA TO INSERY CONTROL RODS
9106-002 2/2 MDPs & TDP TO &/4 SGs FAIL- 5 WRS - ALL SUPPORY

g

N DV eE .

0.82x  2.438E-005

8.000F - 004 Medium Loss of Coolant Accident

7.450 - 004 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (MIO)
1.0006+000 2/4 WPIs- 2/3 CLEGS- MLO- NO SUPPORT

1.000E+000 AFW - NO SUPPORT AVAILABLE

1.000E+000 CCUs FALL TO PROVIDE COOLING- 24 WRS- NO SUPPORT
1.000€+000 1/2 CCw TRAINS - NO SUPPORY

8
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29.

36,

: )

“Z.

4%,

7.

50.

51.

PLL
Afw

4. 371
LMF
BT
PLL

OCR
PPR

4. 151€-

LOSP1
LEAC
AFwW
CON
OAB

3,892 -

L1
AFW

3.587E-

2.887¢

PLL

oCk
PPR

2.799 -

LOSP2
WEAC
Afw

L1

2.511€-

LOSPY
GEAD
Afw

2.436¢-

LOsP2
GLKAC
AW

WPl

2. L20€-

m
RY
PLL

OCR

-00

-~

0.79%  2.4BGE-005
LS00E+000 Partial Loss of Main Feedwater Flow
L760F -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
L610E-001 INITIAL POWER LESS THAN 40%
.000E-001 OA TO TRIP MG SETS
LOI0E-002 2/2 MOPs & TDP 1O &/é4 SGs FAIL- 5 WRS - ALL SUPPORT

[ R

-007 0.75%  2.528€-005

.300€-001 Loss of Main Fesdwater Flow

L760C <005 REACTYOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
C610E-007 INITIAL POMER LESS THAN 4UX

LCO0E-007 OA TO TRIP MG SETS

LO70E-001 OA TO INSERY CONTROL RODS

L690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

0.79%  Z.655€-005
JIDDE-002 Loss of Dffsite Power (Single Unit)
WTOE-002 4160 vV AC POWER BUS A FAIL (WITH DGs - LOSP)
LO00E-002 MDP TO 2764 SGs FAIL- S HRS- TR B SPRT (NO TRA)
LD00E+000 1/3 CON PMPs-1/6 SGs FAIL-- NO SUFPORY
LODOE-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

o
L=
—-—owve N NV -

0.67T% 2.733£-005
.SO00E+000 Partial Loss of Main Feedwater Flow
LT20€6-005 2/2 MOPs & TDP- 2/4 SGs FAIL- 5 WRS- ALL SUPPORT
LDOOE+Q00 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
LO00E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START S1

o
o

]

007 0.62% 2.B42E-005
2.5006-002 Steam Generator Tube Rupture
2.510E-003 272 MDPs & TOP- 3/5 SGs FALL- 5 HRS- ALL SUPPORT
6.0906-003 OA TO ESTABLISK MIGH PRESSURE RECIRC W/0 SPRAY

-007 0.49%  2.995¢-005
3.500€-001 Loss of Condenser
1,760F-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
B.610E-001 INITIAL POMER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
007 0.48% 3.023€-00%
1.000-002 Loss of Offsite Power (Dual Unit)
5.470E-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)
2.0006-002 MDP 1D 2/4 SGs FAIL- 5 MRS TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORY
2.800€-002 1/2 CCPs- 1/2 RHR- TR A SPRY FAILS
o007 0.43%  3.129€-005
4.100€-002 Loss of Offsite Power (Single Unit)
5. 4T0E-002 4160 v AC POMER BUS A FAIL (WITH DGs - LOSP)
2.0006-002 MDP TO 2/4 SGs FAIL- S MWRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FALL-- NO SUPPORTY
6.090E-003 OA TO ESTABLISK HIGH PRESSURE RECIRC (INCLUDES OLP)
007 0.42% 3.2026-005
1.000€-002 Loss of Offsite Power (Dual Unit)
S.4TOE-002 4160 v AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)
1.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
2.4306-002 1/2 CCPs- 3/64 CLEGS- TR B SPKT AVAIL- LOSP
0o? 0.42%  3.226€-005
7.300€-001 Turbine Trip
1.7606-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
B.610E-007 INITIAL POMER LESS THAN 4O0%
5.0006-001 OA TO TRIP MG SETS
S.OTOE-001 OA TO INSERT CONTROL RODS
1.550€-007 OA TO ESTABLISH EMERGENCY BORAYION
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-007 0.40%  3.298¢-005
7.300£-001 Turbine Trip
.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
L610E-007 INITIAL POWER LESS THAN 40X
LO00E-001 OA TO TRIP MG SETS
.OTOE-001 OA TO INSERT CONTROL RODS
DI0E-002 2/2 MDPs & PP YO 4/4 SGs FAIL- S5 MRS - ALL SUPPORT

0.40% 3.3226-00%
.500€+000 Partial Loss of Main Feedwater Flow
L720E-005 2/2 MDPs & TDP- 2/4 SG& FAIL- 5 HRS- ALL SUPPORT

.00CE+D00 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
090€-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

? 0.38%  3,366F-005

.300€ -001 Turbine Trip

,T60E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
LAI0E-001 INITIAL POMER LESS THAN 40%

.000E-001 DA TO TRIP ML SETS

LP10E-002 2/2 MDPs & TDP TO &/4 SGs FAIL- 5 HRS - ALL SUPPORT

0.32%  3.4B83&-005
.600E-003 Smell Loss of Coolant Accident
L210E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
LS50E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRY AVAIL
LO00E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORY

0.31%  3.538E-005
L100E-002 Loss of Offsite Power (Single Unit)
ATOE-OCZ 4160 vV AC POWER BUS A FAIL (WITH DGs - LOSP)
LODOE-002 MDP TO 2/4 SGs FAIL- 5 MRS- TR B SPRT (NO TRA)
.ODOE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
&LP0E-003 1/2 PZR PORVSE BLOCK VLVS FAIL TO OPER- TR B SPRY

70. 1.757€-00 0.30% 3.609€-005

7
LMF 5.300E-007 Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
PLL B.O610E-001 INITIAL POMER LESS THAN 40%
omG 5.0006-007 OA TO TRIP MG SETS
OCR S.UTOE-OC1 OA TO INSERY CONTROL RODS
OBR 1.5506-007 OA TO ESTABLISH EMERGENCY BORATION

72. 1.714E-007 0.29% 3.643€-005
S.300E-001 Loss of Main Feedwater flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-201 INITIAL POMER LESS THAN 4D%
OMG S.000E-001 OA TO TRIP MG SETS
5.070E-007 OA TO INSERT CONTROL RODS
B.9106-002 2/2 WOPs & TDP 10 &/4 SGs FAIL- 5 HRS - ALL SUPPORY
7

75. 1.620€ - 00 0.28% 3.692¢-005

LMF 5.300E-001 Loss of Main Feedwater Flow

RY 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPOR?
PLL B.610E-001 INITIAL POMER LESS THAN 40%

omG 5.000E-007 OA TO TRIP MG SETS

AFW B.P10E-002 2/2 MDPs & TDP TO &4/4 SGs FAIL- 5 WRS - ALL SUPPORT

7 ©.25% 3.738E-00%

2.500¢-002 Steam Generator Tube Rup.ure

AFW 2.510E-003 2/2 MOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORY
HER 2.530E-003 1/2 CCPs- 1/2 RMR- ALL SUPPORT

78. 1.68%-00

83, 1.402¢-007 0.24%  3.809€-005

Si8 1.700€-001 Safety Injection Signal (Inadv)

RY 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
PLL B.610E-001 INITIAL POMWER LESS THAN 40%

OmG 5.000E-001 OA TO TRIP MG SETS

ocR 5.0706-007 OA TO INSERT CONTROL RODS

PPR 2.690€ 007 FULL AFW AND NO CRI ALL SUPPORT AVAIL
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ar.

89.

90.

9.

100.

1.376€-007 0.24%  3.B&5€-005

PME
RT

MG
CR
OBk

‘.

LMF
AFw
CON
0aB

1
MO
ESF
LPR

1
MLO
ESF
LPR

1
PMF
RY
PLL
OMG
oce
Afw
PPR

L6100

1.500€+000 Partial Loss of Main Feedwater Flow

1.7606-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WiTH OA) - ALL SUPPORT
5.0006-007 OA TO TRIP MG SETS

S.070E-001 OA TO INSERT CONTROL RODS

1.5506-007 OA TO ESTABL ISH EMERGENCY BORATION

375¢-007 0.24%  3.878€-00%

5.3006-001 Loss of Main Feedwater Flow

2.7T206-005 2/2 MDPs B TDP- 2/4 SGs FAIL- 5 MRS- ALL SUPPORY
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- KO SUPPORY
1.000€-C02 OA TO ESTABLISH BLEED AND FEED COOLING -START §I

.373¢-007 0.24%  3.892¢-005

8.000€-004 Mecium Loss of Coolant Accident
2.420E-002 ENGINEERED SAFETY FEATURES TRAIN B FAILS (MLD)
O4LOE-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR A SUPPORT AVAIL

.370¢-007 0.23%  3.906E - 005

8.000€ -004 Medium Loss of Coolant Accident
7.420E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
8.060E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL

.300(‘007 0.22% 3.959€-005

1.500€6+000 Partial Loss of Main Feedwater Fiow

LT60E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
<001 INITIAL POMER LESS THAN 40X

-001 OA TO TRIP MG SETS

<001 OA TO INSERY CONTROL RODS

<002 TOP TO 2/4 SGs FAILS- 5 MRS - ALL SUPPORT

<001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

-~ \ﬁ'\ﬂ\l?.‘
Oﬁ\ﬂ o
11 38383:

0.20% 4.031E-00%
<001 Loss of Condenser
oos REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
1 INITIAL POMER LESS THAN 40%
1 m TO TRIP MG SETS
OA TO INSERT CONTROL RODS
1 04 TO ESTABLISH EMERGENCY BORATION

g

-o\ll\lo.-u
+
8888

w
|
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Proposed Case: Solid State Protection System, 2 of 3 Logic

Total plant damsge state freguency = 5. B93E-005

NUMBER  FREQUENCY PERCENT  SUM

8

M.

15.

9.

23.

25.

27,

EVENT VALUE DESCRIPTION
1.261€-006 2.16%  9.229€-006
PMF 1.5006+000 Partial Loss of Main Feedwater Flow
R 1.800€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.670E-001 INITIAL POMER LESS THAN &0%
omMG S.000E-CG01T OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

1.94 7€ - 006 1.95%  1.038€-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
WKAC 5.470€-002 4160 v AC POWER BUS A FAIL (WITH DGs - LOSP)
AFw 2.000E-002 MDP TO 2/4 SGs FAIL- 5 WRS- TR B SPRT (NO TRA)
COon 1.0006+000 1/3 CON PMPs-1/6 S§Gs FAIL-- NO SUPPORT
WeR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
9.966k - 007 1.69%  1.349E-005
LOSPY 4.100E-002 Loss of Dffsite Power (Single Unit)
GEAC 5.470E-002 4160 v AC POWER BUS A FAIL (WITH DGs - LOSP)
hEW 2.000E-002 MDP TO 2/6 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
LU 2.430E-002 1/2 CCPs- 3/4 CLEFS- TR B SPRT A\ailL- LOSP
8.459€-007 1.66%  1.533£-005
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 2.920€-003 ENGINEERED SAFEYY FEATURES TRAINS A&B FAIL (LLOD)
LPl 1.0006+000 1/2 RMR PMPs 10 2/3 COLD LEGS- LLO - NO SPRY
WPl 1.000€+000 2/4 WPIs- 2/3 CLEGS- LLO- NO SUPPORT
ceu 1.000€+000 CCUs FAIL YO PROVIDE COOLING- 24 WRS- NO SUPPORT

6.136(-007 1.04%  1.811E-005
" 7.300E-001 Turbine Trip

RY 1.800€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
MG S.000E-001 OA TO TRIP MG SETS
OCR 5.0706-001 OA TO INSERT CONTROL RODS
PPR 2.690E-007 FULL AFW AND NO CRI ALL SUPPORT AVAIL
5.898E - 007 1.00X 2.051E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.5106-003 2/2 MOPs & TDP- 3/3 SGs FAIL- S MRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING

5.069€-007 0.86%  2.265E-005

PME 1.500E+000 Partial Loss of Mein Feedwater Flow
RY 1.B00E-005 REACTOR TRIP FAILS (DIVERSE SIGMAL WITH OA) - ALL SUPPORT
PLL B.610E-007 INITIAL POWER LESS THAN 40%
MG 5.000€-001 OA TO TRIP MG SETS
ocr 5.0706-001 OA TO INSERT CONTROL RODS
QbR 1.550€-001 OA TO ESTABLSH EMERGENCY BORATION
4. 985E-007 0.85% 2.365€-005
pMf 1.5006+000 Pertial Loss of Main Feedwater Flow
RT 1.B00DE-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL B8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.0006-001 OA TO TRIP MG SETS
OCR 5.0706-001 OA TO INSERT CONTROL RODS
Afw B.960€-002 2/2 MOPs & TDP TO &/4 SGs FAIL- 5 HRS - ALL SUPPORY
4. 873E-007 0.83% 2.463E-005
MO 6.000€ -004 Medium Loss of Coolant Accident
isF 7.570E-004 ENGINEERED SAFETY FEATURES TRAINS ABE FAIL caLO)
WPl 1.000E+000 2/4 WPIs- 2/3 CLEGS- MLO- NO SUPPORT
AP 1.0006+000 AFW - NO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 WRS- NO SUPPORT
cow 1.000E+000 1/2 CCW TRAINS - NO SUPPORY
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28.

29.

32.

37.

a2,

“3.

&7.

“8.

$1.

- { Case: Solid State P ion § 2 of 3 Logic (Cont’

-007 0.80% 2.510€-005

&.T2E
PwE
w
PLL
OMG
AFY

G, L55E
LMF
R
PLL
OmG
ock
PPR

&, 1438
LosP1
GKAC
AFW
CON
OAB

3.903¢
PMF
AFW
Cow
0hB

3.586¢
SGR
AFW
OAR

2.962E
LocC
RY
PLL
OMG
OCR
PER

2.798¢
LOSP2
LKAC
hFw
CoN
HPR

2.511€
LOsP1
AEAC
Afw
COn
AR

2.431
LOSP2
GEAC
Afw
com
L

-00

-00

-007 0.

-00

<007

-00

1.5006+000 Partial Loss of Main Feedwater Flow

1.8B00E -005 REACTOR TRIP FAILS ‘DIVERSE SIGNAL WITH DA) - ALL SUPPORT

B8.6106-001 INITIAL POMER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS

B.960E-002 2/2 MDPs & TOP 10 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

~

0.76% 2.555€-00%
.300€-001 Loss of Main Feedwater Flow

3
-
8

-0C1 INITIAL POMER LESS THAN 40%

-001 OA TO TRIP MG SETS

<007 OA TO INSERT CONTROL RODS

<001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

0.70% 2.682E-005
002 Loss of Offsite Power (Single Unit)
002 4160 v AC POMER BUS A FAIL (WITH DGs - LOSP)
002 MDP TO 2/4 SGs FAIL- S WRS- TR B SPRT (NO TRA)
0000 1/3 CON PMPs-1/4 SGs FAIL-- ND SUPPORT
-002 OA TO ESTABL!SH BLEED AND FEED COOLING -START Si

338

- N N\I\Daum

§§'§§é

-007 0.66% 2.721E-005

+000 Partial Loss of Main Feedwater fiow

2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORY
1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

OA TO ESTABLISH BLEED AMD FEED COOLING ~START §I

% 2.869-005

Steam Generator Tube Rupture

2/2 MDPs & TDP- 3/3 SGs FAIL- S HRS- ALL SUPPORT
OA TO ESTABLISH HIGH PRESSURE RECIRC W/0D SPRAY

T
§§§: 888

3.023€-005
Loss of Cordenser

8w
oR

W

INITIAL POMER LESS THAN 40%

OA YO TRIP MG SETS

04 TO INSERT CONTROL RODS

FULL AFW AND NO CRI ALL SUPPORT AVAIL

3.051€-00%

s of Offsite Power (Dual Unit)

160 v AL POMWER BUS A FAIL (WITH DGs - LOSP)
TO 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)
CON PMPs-1/4 SGs FALIL-- NO SUPPORT

CCPs- 1/2 RHR- TR A SPRY FAILS

Ll R T ] oN N
. . .
o w
EY-4-

8888

0

*
ﬁg%%s

§38a 338

N~ S~
n o

~ -‘~\ﬂ-o
- -

% 3.156€-005

oss of Offsite Power (Single Unit)

160 vV AC POMER BUS A FAIL (WITH DGs - LOSP)
MOP TO 2/6 SGs FAIL- 5 RS- TR B SPRT (ND TRA)
173 CON PMPs- 174 SGs FAIL-- NO SUPPORT

odu\ﬂ&

" o
282> 2
~ N Rl

»r

3

0 2%  3.180€-005
1

Turbine Trip

SRR ET
g: 8%

38
82883

INITIAL POMER LESS THAN 40X

OA 1O TRIP MG SETS

OA TO INSERT CONTROL RODS

OA TO ESTABLISH EMERGENCY BORATION

il ol - I ]
o
-
'

w
w
R

-oe” 0.41%  3.254E-00%

-002 Loss of Offsite Power (Dual Unit)

<002 4160 vV AC POMER BUS A FAIL (WITH DGs - LOSP)
<002 MOP 10 2/4 SGs FAIL- 5 HRE- TR B SPRT (NO TRA)
<000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORY

<002 1/2 CCPs- 3/4 CLEGS- YR B SPRY AVAIL- LOSP

2332%

E-24

~005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

OA TO ESTABLISH WIGH PRESSURE RECIRC (IMCLUDES OLP)

REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT



52.

55.

56.

59.

69.

n.

80.

2.426€-007
T -
LA
PLL 8.
MG $.
ocr 5.
AFW 8.
2.359€-007
PMF )+
AFW 2.
Con 5,
QAR 6.
2.293E-007
1 ¥
RY
PLL 8.
OMG 5.
AFW 8.
2.003€-007
SL0 6.
ESF 1.
cee 2.
LP1 1.
1.797€-007
LOSPY b,
GEAC 5
AFW 2.
CON Ta
PR 4
1.791E-007
LMF .
RT .
PLL
MG ‘
OCR 4
OBR g
1.761E-007
LMF , 1
Rt 1.
PLL 8
om0 $.
OCR S.
AFw 8.
1.665€-007
LMF , 1
RY [
PLL 8.
MG 5.
AFw B.
1.4B1E-007
SGR 2.
AFy B
HeR - A
1.458€-007
MO 8.
(333 2.
LPR 8.

0.47%  3.278&-005
300E-001 Turbine Trip
BOOE -005 REACYOR TRIP FAILS (DIVERSE SIGNAL WITK OA) - ALL SUPPORT
G10E-001 INITIAL POWER LESS THAN 40%
Q00E-001 OA TO TRIP MG SETS
O070€-001 OA TO INSERT CONTROL RODS
D60E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

0.40% 3.350€6-005
SD0E+000 Partial Loss of Main feedwater Flow
730E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 MRS- ALL SUPPORT
ODOE+0O00 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OV0E-003 OA TO ESTABLISH MIGK PRESSURE RECIRC (INCLUDES OLP)

0.39% 3.373e-005
300€-001 Turbine Trip
BOOE -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH GA) - ALL SUPPORT
610E-001 INITIAL POMER LESS THAN 40%
ODDE-00Y OA TO TRIP MG SETS
960E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

0.34%  3.436E-005
600E-003 Small Loss of Coolant Accident
290E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
SSOE-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL
000E+000 LPI- 1/2 LPIs- 3/64 CLEGS- NO SUPPORY

0.30% 3.604E-005
100€-002 Loss of Offsite Power (Single Unit)

L4TOE-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)

OOOE-002 MDP TO 2/¢ SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
ODOE+0D0 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

4Q0E-003 1/2 PZR PORVsE BLOCK VLVS FAIL TO OPER- TR 8 SPRT

0.30%x 3.621€-005
300€-001 Loss of Main Feedwater flow
BOOE -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

OOOE-001 OA TO TRIP MG SETS
O70E-COY OA TO INSERY CONTROL RODS
S50€-001 OA TO ESTABLISK EMERGENCY BORATION

5
1
B.610E-001 INITIAL POWER LESS THAN 40X
]
5
1

0.30%  3.657¢-005
300E-001 Loss of Main Feedwater Flow
BO0E -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

L610E-001 INITIAL POMER LESS THAN 40%

ODOE <001 OA TO TRIP MG SETS
O70E-001 DA TO INSERT CONTROL RODS
960E-002 2/2 MDPs & TDP TO &4/4 SGr FAIL- 5 MRS - ALL SUPPORT

0.28% 3.691E-005
300€-001 Loss of Main Feedwater Flow
BOOE -005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH DA) - ALL SUPPORT
S10E-001 INITIAL POWER LESS THAN 40%
ODOE-001 OA TO TRIP MG SETS
960E-002 2/2 MDPs & TDP 10 4/6 SGs FAIL- S HRS - ALL SUPPORY

0.25% 3.769E-005
SO0E-002 Steam Generator Tube Rupture
S10€-003 2/2 MDPs & TOP- 3/3 SGs FAIL- 5 WRS- ALL SUPPORY
S306-003 1/2 CCPs- 1/2 RHR- ALL SUPPORY

0.25% 3.799¢-005
0D0E -004 Medium Loss of Coolant Accident
ST0E-002 ENGINEERED SAFETY FEATURES TRAIN B FAILS (MLD)
D4DE-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR A SUPPORT AVAIL
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45SE-007 .25%  3.813€-005

&.000€-004 Medium Loss of Coolant Accident
2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
8.060E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR § SUPPORT AVAIL
4295 -007 0.26%  3.842E-005
1.700€-001 Safety Injection Signal (Inadv)
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPCRT
B.610E-001 INITIAL POWER LESS THAN 40%
5.0006-001 OA TO TRIP MG SETS
5.070€-001 DA TO INSERT CONTROL RODS
2.690E-001 FULL AFW AND NO CRI ALL SUPPOR™ AVAIL
4OBE - 007 0.26%  3.870E-005
1.500E+000 Partial Loss of Main Feedwater Flow
1.800€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
5.0006-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
.379€-007 0.23% 3.939¢-005
5.3006-001 Loss of Main Feedwater Flow
2.730E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- S HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000€-002 OA TO ESTABLISH BLEED AND FEED COOLING -START 8
367¢-007 0.23% 3.953£-005
1.5006+000 Partial Loss of Main Feedwater Flow
1.800€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000€-001 OA TC TRIP MG SETS
5.07T0E-001 OA TO INSERT CONTROL RODS
6.790E-002 TOP TO 2/4 SGs FAILS- 5 MRS - ALL SUPPORT
3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL
L215€-007 0.21%  4.041€-005
8.000€ -004 Medium Loss of Coolant Accident
2.570€-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
6.660E-003 1/2 RPMPs- 2/3 CLEGS- MLO- TR A SPRT FAILS
.1B3€-007 0.20%  4.065E-005
3.500€-001 Loss of Conclenser
1.B00E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
B.610E-001 INITIAL POMER LESS THAN 40%
5.000€-001 OA TO TRIP MG SEVS
5.0706-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATION



