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ROCHESTER GAS AND ELECTRIC CORPORATION e 89 EAST AVENUE, ROCHESTER, N.Y. 14649-0001 AREA CODE 716 546-2700

ROBERT C. MECREDY

Vice President
Nuclear Operotions

June 20, 1995

U.S. Nuclear Regulatory Commission

Document Control Desk

Attn: Allen R. Johnson
Project Directorate I-1

Washington, D.C. 20555

Subject: Conversion to Improved Technical Specifications
Proposed Changes to Instrumentation Chapter
Rochester Gas & Electric Corporation *

R.E. Ginna Nuclear Power Plant
Docket No. 50-244

References: (a) Letter from R.C. Mecredy, RG&E, to A.R. Johnson, ., |
NRC, Subject: Application for Amendment to |
Facility Operating [License, Conversion to |
Improved Technical Specifications, dated May 26, 7
1995.

(b) NUREG-1431, Standard Technical Specifications, ,
Westinghouse Plants.

Dear Mr. Johnson,

By Reference (a), RG&E proposed to revise the Ginna Station
Technical Specifications in its entirety to convert to Improved
Technical Specifications (ITS). Included within this submittal are }
several proposed changes to the ITS Instrumentation Chapter (i.e., |
LCO 3.3.1, "Reactor Trip System (RTS) Instrumentation," and LCO
3.3.2, Y“Engineered Safety Feature Actuation System (ESFAS) ‘
Instrumentation") which are different from NUREG-1431 (Ref. (b)).
These changes effectively increase the allowed test and Completion
Times for various instrumentation functions. The basis for these
changes is a Westinghouse prepared evaluation of these functions
using probabilistic techniques (see Reference 30 of Attachment A to
Reference (a)).
{

The purpose of this letter is to submit this evaluation as
documented in the following enclosures:

a. One copy of WCAP-14333, "Probabilistic Risk Analysis of RPS
and ESFAS Test Times and Completion Times," May 1995
(Proprietary).
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b. One copy of WCAP-14334, "Probabilistic Risk Analysis of RPS
and ESFAS Test Times and Completion Times," May 1995 (Non-
Proprietary) .

Also enclosed are a Westinghouse authorization letter, CAW-95-842,
accompanying affidavit, Proprietdry Information Notice, and
Copyright -Notice.

As WCAP-14333 contains information proprietary to Westinghouse
Electric Corporation, it is supported by an affidavit signed by
Westinghouse, the owner of the information. The affidavit sets
forth the basis on which the information may be withheld from
public disclosure by the Commission and addresses with specificity
the considerations listed in paragraph (b) (4) of Section 2.709 of
the Commission's regulations.

Accordingly, it is respectfully requested that the information
which is proprietary to Westinghouse be withheld from public
disclosure in accordance with 10 CFR Section 2.790 of the
Commission's regulations.

Correspondence with respect to the copyright or proprietary aspects
of the items, listed above or the supporting Westinghouse Affidavit
should reference CAW-95-842 and should be addressed to N.J.
Liparulo, Manager of Nuclear Safety Regulatory and Licensing
Activities, Westinghouse Electric Corporation, P.0. Box 355,
Pittsburgh, Pennsylvania 15230-0355. Any other related questions
should be directed to Mark Flaherty of RG&E at (716) 724-8512.

RG&E is the lead plant with respect to review of the enclosed

WCAPs. RG&E requests that the review of these documents be
coordinated with the staff review of Reference (a).

Very truly yours,

Thomsen A Merky O,

Robert C. Mecredy
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U.S. Nuclear Regulatory Commission

Mr. Carl Schulten

Office of Technical Specifications Branch (Mail Stop 011E22)
Washington, D.C. 20555

U.S. Nuclear Regulatory Commission

Mr. Jared ‘Wermiel
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Mr. Donald Hoffman (w/o0 enclosures)
EXCEL Services Corporation
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Suite 100

Rockville, MD 20852
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0 LEGAL NOTICE

"This 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, (I) with respect
to the use of any information, apparatus, method, process, or similar item disclosed in
this repont, including merchantability and fitness for a particular purpose, (Il) that such
use does not infringe on or interfere with privately owned rights, including any party’s
intellectual property, or (lll) 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
report.”

n
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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 is considered proprietary. These codes are listed with their
meanings in WCAP-7211.

The proprietary 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, please contact
Westinghouse Electric Corporation, which will make the necessary arrangements required to
protect the Corporation’s proprietary interests.

The proprietary information is deleted in the unclassified version of this report
(WCAP-14334-NP).
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0 | 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 completion
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 report.

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 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.
1

")
A
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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 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 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 (STIl), bypass test times, and
AOTs for the analog channels, as well as the AOTs for the logic cabinets, master relays, and
slave relays. A probabilistic risk 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 surveillance test intervals for the
analog channels leads to a decrease in inadvertent reactor trips 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
approach 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
modeling were implemented to enhance the approach or to remove unnecessary
conservatisms, such as, the common cause modeling approach for analog channels and the
frequency of maintenance activities. The plant specific model used for the risk analysis was

m:\2052w.wpf:1d-053095 11
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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.

Important 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 times, maintenance times, and maintenance frequencies, in addition to information
regarding plant operation, such as, reactor trip and spurious 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 risk 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 to 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.

mi\2052w.wpf:1d-053095 1-2




Westinghouse Proprietary Class 2C

0 2.0 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 engineering 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 to each of two logic cabinets
which in tum provide signals to their respective reactor trip 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

1 of 2, 2 of 3, or 2 of 4, as appropriate.

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, etc. 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 is 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 trip condition the

mi\2052w.wpf:1d-053095 2-1
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Figure 2.1

Simplified Diagram of the Reactor Protection System
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corresponding input relay will energize as appropriate, applying a ground to 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 feedwater 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 be 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
trip breakers.

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

The relay logic consists of contacts in a series-parallel arrangement which energize a master
relay when appropriate combinations of contacts are closed, or de-energize a master relay
when the appropriate combinations of contacts are open, depending on the function. The
series-parallel contacts are operated by the 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.

2.2 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 overapping test
sequence is 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 to known inputs, proper
comparator (bistable) settings and proper operation of 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 degraded during test and maintenance activities.

Analog channels: The channels can be tested and maintained in either the bypassed or
tripped state depending on the specific plant hardware capability. If 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 to 2 of 3 depending the initial logic requirement. If tested in the tripped state, the channel is
providing a trip signal to the logic and additional logic then required for actuation changes
from2or3to 1 of2 orfrom2 of 4 to 1 of 3. Most plants do not have the installed bypass
test capability (Eagle 21 process protection system or the bypass test panel) so the tripped
state is used.

Logic cabinets: The logic is tested and maintained in 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 to
provided reactor trip function from two breakers. During such activities, the bypass breaker is
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 to maintain the component in operable condition. Both types of
activities impact the component availability.
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3.0 NRC MEETING

A meeting to discuss the program with the NRC was held on July 11, 1994. The NRC was
represented by personnel from the Office of Nuclear Reactor Regulation and the WOG was
represented by personnel from several utilities and Westinghouse Electric Corporation. The
purpose of the meeting was to discuss the following areas of the program:

- overall program approach

- instrumentation allowed outage times and bypass times being considered

- use of WOG TOP RPS and ESFAS instrumentation signal fault tree models as opposed to
IPE instrumentation signal fault tree models

- acceptance criteria

- representative plant for the risk analysis

- information the NRC expects to see in the submittal report

The following summarizes the important points from the meeting:
1. The NRC was receptive to the approach.

2. The RPS and ESFAS instrumentation signal unavailability models from WOG TOP should
be used, as opposed to models from the IPE programs, to facilitate the NRC's review.
The WOG TOP models have already been reviewed by the NRC.

3. The impact on risk related to the AOT and bypass time changes should be
inconsequentially small and not significantly increase the level of importance of the RPS
and ESFAS.

4. The PRA for the "typical" plant used in the risk analysis does not need to be from the lead
plant.

5. The NRC requested that the risk level corresponding to the new AOTs and bypass times
be compared to the risk corresponding to the AOTs, bypass times, and STls for, the
instrumentation prior to WOG TOP and corresponding to the AOTSs, bypass times, and
STls justified by WOG TOP.

6. The NRC requested that actual plant RPS and ESFAS instrumentation configurations be
provided in the report. Of particular interest is the time multiple channels are inoperable.

7. The NRC stressed the importance of discussing the positive impact of the changes on
plant safety, such as, reduced number of trips, reduced number of shutdowns, etc.
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| These seven items have been incorporated into the analysis and are discussed as appropriate
| in the following sections. .
|
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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 periods of time due to changes in personnel response to
completing test and maintenance activities. In addition, information on the number of plant
trips 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
availability 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 plants that have implemented WOG TOP Technical Specification changes, and if so,
the date of the implementation, 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 tripped state. Approximately half of the plants have implemented 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 would 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 varies from 2 hour to 40 hours and the maximum time varies from 4 hours to

72 hours. With the extended AOTs, 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
Plant | (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
Plant M (2 Units) NR trip SSPS
Plant N (2 Units) " no trip Relay
Plant O (2 Units) no trip Relay
Plant P (1 Unit) no trip SSPS

Note: RT - reactor trip

ESF - engineered safety features

SSPS - solid state protections system Relay - relay protection system
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Table 4.2
Survey Summary - Analog Channels

olant Time to Perform Tests Ti;!ﬂl:i rtuct,elr:zggém Impact of AOT Extension
(Typical/Maximum) (Typical/Maximum) Test Time Maint. Time

Plant A (2 Units) 0.75 hi/3 hr 12 hr/24 hr no impact no impact
Plant B (1 Unit) ~4hr/12 hr 4 hr/12 br no impact no impact
Plant C (2 Units) 8 hi/10 hr 3 hr/6 hr no impact 25% incrs.
Plant D (1 Unit) 4 hr/8 hr 6 hi/8 hr no impact no impact
Plant E (1 Unit) 1.5 hr/3 hr 6 hi/8 hr no impact no impact
Plant F (2 Units) 1 hi/2 hr 6 hr/10 hr no impact no impact
Plant G (1 Unit) 4 hr/4 hr 4 hr/8 hr no impact no impact
Plant H (2 Units) 6 hi/9 hr NR NR NR
Plant 1 (2 Units) NAR 8 hr/48 hr no impact no impact
Plant J (1 Unit) 0.75 hi/3 hr 4.5 hi/8 hr no impact no impact
Plant K (2 Units) 3 hi/7 hr 40 hr/72 hr no impact no impact
Plant L (1 Unit) 2 hr/5 hr 6 hi/8 hr no impact no impact
Plant M (2 Units) .1 hr/45 hr 4 hr/10 hr no impact no impact
Plant N (2 Units) NAR NAR no impact no impact
Plant O (2 Units) 3 hr/6 hr 4 hr/8 hr no impact no impact
Plant P (1 Unit) 3 hr/4 hr 2 hr/4 hr no impact 25% incrs.

Notes: NR - no response

NAR - not applicable response

0Oz sse|n Aejsudold asnoybunsap




Westinghouse Proprietary Class 2C

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 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 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 to once every 5 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 anticipated 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 varies 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 time to perform maintenance activities
varies from 1 hour to 10 hours and the maximum time varies 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 calls 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 occurs 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
instrumentation test and maintenance activities. The total number of plant startups and
shutdowns are also provided on this table. The information on this table indicates that a
significant number of trips that have occurred are related to instrumentation test and
maintenance activities (>20%), 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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Table 4.3

Survey Summary - Logic Cabinets

Time to Perform Tests

Time to Perform

Impact of AOT Extension

Plant (Typical/Maximum) (Tymilar};:nr;i?;im) 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 hi/3 hr 4 hr/8 hr no impact no impact
Plant C (2 Units) 4 hi/6 hr 4 ht/6 hr 50% incrs. 50% incrs.
Plant D (1 Unit) 4 hr/6 hr 6 hr/8 hr no impact no-impact
Plant E (1 Unit) 1.5 hi/3 hr 3 hr/5 hr no impact no impact
Plant F (2 Units) 1hr/2hr - 8 hr/24 hr no impact no impact
Plant G (1 Unit) 4 hr/6 hr, 4 hi/4 hr no impact no impact
Plant H (2 Units) 1.5 hr/2 hr NR NR NR
Plant | (2 Units) 4 hi/10 hr 4 hr/10 hr no impact 25% incrs.
Plant J (1 Unit) 2 hr/2 hr 4.5 hr/8 hr 25% incrs. 25% incrs.
Plant K (2 Units) 3 hr/6 hr 4 hr/6 hr no impact no impact
Plant L (1 Unit) 1.5 hi/2 hr no failures no impact no impact
Plant M (2 Units) 1.5 hi/1.5 hr not done at-power no impact not done at-power
Plant N (2 Units) 3 hi/4 hr 10 hr/12 hr no impact no impact
Plant O (2 Units) 2 hr/2 hr 1 hr/2 hr no impact no impact
Plant P (1 Unit) 2hr/3 hr 2 hr/4 hr no impact no impact

Notes: NR - no response
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Survey Summary - Reactor Trips
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Reactor Trips
Plant Number No. During | No. During Irr‘::trgu'?' etgt Inlg?r.uDll\anit:t Startups gﬁ&gﬁ:ﬁg
of Trips | Shutdown |  Startup | “pcvivities |  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 1 1 NA NA g

Plant D (1 Unit) 19 0 0 4 1 27 7 &

Plant F (2 Units) 16 2 0 1 3 32 16 %

Plant G (1 Unit) 7 0 1 0 1 20 13 §
£ Plant | (2 Units) 11 1 0 2 0 26 15 ‘ g

Plant J (1 Unit) 15 0 0 5 1 18 3 o)

Plant K (2 Units) 24 4 8 6 6 32 7 3

Plant L (1 Unit) 9 0’ o 0 2 16 5 g

Plant M (2 Units) 42 0 10 6 1 67 25 o

Plant N (2 Units) 15 0 3 2 1 39 24 ©

Plant P (1 Unit) 7 1 0 1 16 10

Total 209 10 30 31 22 342 148

Notes: NA - not available
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Table 4.5 provides a summary of the total number of plant shutdowns, and the number of
shutdowns due to Technical Specification related requirements and Technical Specification
instrumentation related requirements. This table also provides a summary of the total number
of discretionary enforcements required to avoid shutdowns and the number of discretionary
enforcements required to avoid shutdowns specifically related to Technical Specification
instrumentation issues.

Followup phone calls were held with the utilities that indicated they had to shut down the plant
due to Technical Specification instrumentation issues or avoided a shutdown related to
Technical Specification instrumentation related issues through discretionary enforcements.
The purpose of these followup calls was to determine if an extended AOT for either the logic
cabinets or the analog channels would have helped in avoiding either the shutdown or the
discretionary enforcement. The results from these calls showed that none of the shutdowns
would have been avoided with longer instrumentation AOTs and two discretionary
enforcements may have been avoided.

Table 4.6 provides a summary of miscellaneous information including: 1) the response to the
question conceming muitiple channels measuring the same parameter being in either test or
maintenance simultaneously, 2) the percentage of test activities that result in (corrective)
maintenance activities for analog channels and logic cabinets, 3) the time period considered in
response to the survey, and 4) percent time the plant was at-power during this time period. It
is noted from this information that for the vast majority of plants multiple channels measuring
the same parameters are not unavailable simultaneously due to test or maintenance activities.
In addition, the. utilities typically responded that 10% or less of the test activities on the
instrumentation lead to corrective maintenance activities.

Information was also requested in the survey on the number of spurious safety injections that
have occurred, if they occurred at-power, during plant startup or plant shutdown, and if they
were related to instrumentation test or maintenance activities. For the 14 sites that responded
to these questions, there have been only six spurious safety injections over the time period of
interest and all have occurred at-power. Four of these six were related to instrumentation test
or maintenance activities, but none would have benefited from extended AOTs.

As discussed in Section 3, the NRC requested that information regarding the actual plant RPS
and ESFAS instrumentation configurations be included in the report. Of particular interest, is
the time multiple channels are inoperable. Detailed information regarding specific
instrumentation configurations is limited, but some general information was collected and is
summarized as follows:

- Utilities perform test activities on the majority of the analog channels in the tripped state.

Therefore, even though the channel may be unavailable, it is performing its required safety
function and plant safety is not degraded.
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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 conceming instrumentation configurations
with channels unavailable.

- Itis 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 4.5
Survey Summary - Shutdowns and Discretionary Enforcements
e Contoled | TS Requred | TS nStumentaon | stutdowns | ylSiied et
utdowns Shutdowns Shutdowns Enforcement Discret.
Enforcement

Plant A (2 Units) 16 7 0 7 1
Plant B (1 Unit) 7 1 0 7 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) 0 0 4 2
Plant K (2 Units) 3 0 6 0
Plant L (1 Unit) 0 0 0 0
Plant M (2 Units) 25 10 0 NA NA
Plant N (2 Units) 24 0
Plant P (1 Unit) 10 1
Total 148 33 3 42

Notes: NA - not available
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Table 4.6

Survey Summary - Miscellaneous

et mre | "t oo™ | Tme Span ncucein | percant Timo pat
Same Time Maintenance
Plant A (2 Units) no < 10% 50 yr gmz ; - ;(13 "f’
nit 2 - 86%
Plant B (1 Unit) no 10% 53 yr 91%
Plant C (2 Units) very rare 10% 4.7 yr 90%
Plant D (1 Unit) no 10% 40yr 80%
Plant E (1 Unit) NR 5% NR NR
Plant F (2 Units) no 10% 50yr gng ; - gg:f
nit 2 - 82%
Plant G (1 Unit) no <5% 48 yr 84%
Plant H (2 Units) NR 1% NR NR
Plant | (2 Units) no 10% 5.7 yr 90%
Plant J (1 Unit) no 4% 38yr 80%
Plant K (2 Units) no 10% NA 60%
Plant L (1 Unit) NA 25% 50 yr 75%
Plant M (2 Units) no 1% 6.0 yr 50%
Plant N (2 Units) no 2-3% 5.7 yr 76%
Plant O (2 Units) no (channel trip only) 10% 50 yr 80%
yes (transmitter work)
Plant P (1 Unit) no <10% 59 yr 82%

Notes: NA - not available

NR - no response
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5.0 TECHNICAL SPECIFICATIONS CHANGES TO BE EVALUATED

Original discussions with the WOG indicated interest in extending the 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
to 24 hours. Based on the results of the plant 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
unavailabilities, several parameters need to be specified for component test and maintenance
unavailabilities. These are the test and maintenance frequencies, and the time to complete
the test and maintenance activities. These are discussed in more detail in the following
paragraphs.

Changes to the reactor trip 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.

5.1 TEST FREQUENCIES AND DURATIONS

The test frequency is 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 (time 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 unavailable or bypassed. For analog channels, the AOT is
the maximum length of time the channel can be unavailable or bypassed prior to 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 tripped 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 envelops the maximum time provided in the
survey. i ‘

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 typical 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, indicated that extending the
test or bypass times had a greater impact on the signal unavailability than extending the AOT
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 Specifications, 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 summarized on Tables 5.1 and 5.2.

5.2 MAINTENANCE FREQUENCIES AND DURATIONS

Preventive maintenance is usually completed on analog channels and logic cabinets during
refueling outages. Corrective maintenance is 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 to maintenance; so if the test interval is 3 months, then maintenance activities
would typically be done every 30 months, which assumes that the majority of component
failures are usually found via tests. 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 risk. 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 failing 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 for the RPS and ESFAS

(Solid State Protection System)

Component

Proposed

s

- Maint. Time' 1 hour 6+6 hours 72+6 hours
- Maint. Interval 2 years 2 years 2 years

- Test (bypass) Time 2 hours 4 hours 12 hours

- Test Interval 1 month 3 months 3 months

- Calibration Interval NEAP® NEAP® 18 months

- Calibration Tim

NEAP®

4 hours

s
R

binels’

g

Maint. Time'

- 2 hours 6+6 hours 24+6 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

- Maint. Time' 2 hours 6+6 hours 2446 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

ol 3y

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
3 months 3 months 3 months

1
o
(2]

R
=)
—
(]
2

i 0

- Maint. Time

e

1 - The "+ 6 hr" is the time provided in Tech Spec to enter the specified mode if the component

isn't retumed to operable status.

2 - Maintenance interval is based on the component failure rate.
3 - Not Evaluated At-Power (NEAP), in the past this activity has typically be done while shutdown.
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- Maint. Interval 1 year 1 year 1 year
- Test Time 2 hours 2 hours 2 hours
- Test Interval 2 months 2 months 2 months
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Table 5.2

Summary of AOTs and STis for the RPS and ESFAS

(Relay Protection System)

mComponent I Pre-TOP TOP Proposed -
- Maint. Time' 1 hour 6+6 hours 7246 hours
- Maint. Interval 2 years . 2 years 2 years
- Test (bypass) Time 2 hours 4 hours 12 hours
- Test Interval 1 month 3 months 3 months
- Calibration Interval NEAP? NEAP? 18 months
- Calibration Time NEAP? NEAP® 4 hours

- Test Interval

i Logic Cabinet:
- Maint. Time' 2 hours 6+6 hours 24+6 hours
- Maint. Interval 1 year 1 year 1 year
- Test (bypass) Time 3 hours 8 hours 8 hours
1 month 1 month 1 month

- Test Interval

 Master Helays
- Maint. Time' 6 hours 6+6 hours 2446 hours
- Maint. Interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 3 hours 8 hours 8 hours
1 month 1 month 1~month

5'?}

- Maint. Time'

- Test Interval

6 hours 6+6 hours 24+6 hours
- Maint. Interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 6 hours 12 hours 12 hours

3 months 3 months 3 months

ig-:-:-:-g;:é,;;;;:.\.:. SR

Rea

i

.

6 hours 6 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
oies:

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

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

3 - Not Evaluated At-Power (NEAP), in the past this activity has typically be done while shutdown.
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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 approximately 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 failure 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 is available to easily justify an altemate maintenance frequency. From the discussion
in Section 4.0, the frequency of maintenance is 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 failure 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 altemate 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 allowed 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 hours.

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 added to the test
unavailability value to account for this.

Tables 5.1 and 5.2 provide summaries of the AOTs and STls 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 trip 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 implementation process, utilities also provided the justification of the
applicability of these changes to other signals not analyzed in WOG TOP. The analysis and
results discussed in the following sections are applicable to all these signals.

Not all the fault trees developed and quantified in the original 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 WOG 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 is from the ESFAS unavailability results in Reference 3. '

Reactor trip actuation signals can be grouped, for signal unavailability type analyses, 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 is 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 applicable 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 changés to surveillance test intervals or changes to
system designs which may impact component reliability differently between the two system types.
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6.1 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 isolation, main feedwater isolation, and auxiliary 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 failures included, range from 9.7E-04 to 1.4E-03 for the Pre-TOP case and from
4.8E-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 interlocked 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 feedwater pump

start on steam generator level low-low in one loop signal which has typical signal unavailabilities

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/slave relay combinations:

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

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

3. auxiliary 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 O-

that the signal unavailability values, with common cause failures included, range from 6.7E-07 to
8.1E-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 pressurizer
pressure low interlocked with P-11 which has typical signal unavailabilities for this group of
safeguard actuation signals.

Thé 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 between the results for the above two cases, and therefore will not be specifically
evaluated.

6.2 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 SE-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, is used as the signal to represent reactor trip 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
8E-04 for the pre-TOP case and generally range from 1E-04 to 6E-04 for Case 1. The reactor
trip 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 signal to represent reactor trip
signals generated from relay protection systems.

When signal diversity is considered, two or more signals (sets of analog channels) that actuate
reactor trip in response to an event, the source of the signals and the logic required (2 of 3 vs. 2
of 4) are not important contributors 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 resuits
from evaluations presented in this document (see Section 7). The representative signal for
diversity evaluations is the reactor trip signal on pressurizer pressure high (2 of 3) or
overtemperature delta T (2 of 4).
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It is also necessary to consider the impact of the AOT and bypass time changes on the signal
unavailabilities with credit for operator actions to initiate reactor trip or actuation of the safeguard
features. This is particularly important when assessing the impact of the changes on plant safety.
Typically, the automatic actuation signals are backed up by operator actions to perform the same
function, as in manually initiating reactor trip or safety injection. Therefore, the signal
unavailability analyses also considered the impact of the changes with credit for operator actions.
Operator action credit was only considered for signals generated from the solid state protection
system since these will be used in the risk analysis and will be generally representative of the
impact on the relay type protection systems if crediting operator actions. This is discussed in
more detail in Section 8.0.

e
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Table 6.1
Summary of Signals Being Considered
Function Cl;%?ri:;t Ctggi'::e' o}:gtriit:r

Sl (1) SSPS 20of 3 no

> SI (1) SSPS 20f4 no
Si (1) SSPS 20f3 yes

St (1) SSPS 20f4 yes

Sl (1) Relay 20f 3 o

Sl (1) Relay 20f4 o
AFWPS (2) SSPS 20of 3 no
AFWPS (2) SSPS 20f4 no
AFWPS (2) Relay 20f 3 o
AFWPS (2) Relay 2 of 4 o
RT (3) SSPS 2 0f 3 no
RT (3) SSPS 20of 4 no
RT (4) SSPS Diverse no
RT (3) SSPS 20f3 yes
RT (3) SSPS 20f 4 yes
RT (4) SSPS Diverse yes
RT (3) Relay 20f3 no
RT (3) Relay 2of 4 o
RT (4) Relay Diverse no

Notes:

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

2. AFWPS signal is from steam generator level low-low in one loop.

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

4. RT diverse source signal is from pressurizer pressure high or overtemperature delta T.
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7.0 RPS AND ESFAS SIGNAL UNAVAILABILITY ANALYSIS

As discussed in Section 1.0, the approach used in this analysis is consistent with that used in
WOG TOP (References 1, 2, 3). A fault tree analysis was used to assess the impact of the AOT

. and bypass time changes on the unavailability of reactor trip and engineered safety features

actuation signals. These unavailabilities were then used in a risk analysis to determine the impact
on plant safety.

This section of the report presents and discusses the signal unavailability analysis. It includes a
discussion on the approach, assumptions, fault tree models, and the results.

7.1 UNAVAILABILITY ANALYSIS APPROACH

The approach used in‘this analysis to determine the impact of the changes on signal unavailability
is based on fault trees. The fault trees used are based on those previously developed for WOG
TOP. These fault trees model the unavailability of the signal given a particular signal demand.
The assumptions (see Section 7.2) and data are also consistent with WOG TOP (References 1
and 3). Several changes were made to the details of the approach and these are discussed in
the following paragraphs. Additional fault trees were developed as necessary to model the
addition of operator actions to either manually trip the plant or initiate safety injection. Each fault
tree specifically models and is unique to a particular RPS and ESFAS signal. Fault trees were
developed for each signal noted in Table 6.1. The fault tree models are discussed in Section 7.3.

The analysis included contributions to signal unavailabilities from the following sources:

random failures of components

common cause failures of components
unavailability of components due to testing
unavailability of components due to maintenance
human error

Al

Included in the fault tree models are the hardware failures, operator actions, and test and
maintenance activities which can lead to signal failure. These are discussed in detail in Section
4.1 of Reference 1.

For the most part, the fault trees do not specifically include component common cause failure
contributions to signal unavailability. This is added by hand calculations after quantification of the
fault trees. The Multiple Greek Letter and Beta Factor common cause approaches are used in
this analysis. This is consistent with the common cause approach used for the trip breakers,
master and slave relays, and logic cabinets in WOG TOP, but is a change in approach for the
analog channels. This change was implemented to improve the approach to account for the
impact of changes in testing frequency on the common cause contributions of combinations of
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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 to maintenance activities are discussed further in the following paragraphs. The approaches -
in these two areas have been changed to provide a more representative analysis.

Common Cause 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 considering 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:

Reactor trip breakers - 0.16
Logic cabinets - 0.10

Master relays - 0.15

Slave relays - 0.15

+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 B x vx (1-3)/3 x no. of common cause cutsets
Failure of 4 of 4 components: Q x B x vx & x no. of common cause cutsets
Failure of 2 of 3 components: Q x B x (1-)/2 x no. of common cause cutsets
Failure of 3 of 3 components: Q x 8 x y¥x no. of common cause cutsets

where: _ Q - component failure probability
B - Beta factor = 0.08 e
v - Gamma factor = 0.33
0 - Delta factor = 0.52

The B, v, and & values are for electronic type components.

In determining the common cause contribution of the analog channels it is necessary to determine O
the detection interval for component failures. Failure of some of the components that comprise
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the channels will be detected within a shift, while others will only be detected during 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.

Component Unavailability Due to Maintenance Activities

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. Thisis 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 lead to maintenance activities. The
maintenance interval for reactor trip breakers was left at once per year. Using the component
failure 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 that
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 justification is provided
for assuming a maintenance interval of 18 months)
12 hours is the AOT (6 hours) plus 6 hours to 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 = 6.85E-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 AOTSs)

= 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)

= 5.29E-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

7.2  ASSUMPTIONS
The following presents the key assumptions for developing the fault tree models with regard to

test and maintenance activities. Most of these are presented in References 1 and 3, but are
repeated here for convenience.

7.2.1 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 3
random basis. This is not a standard practice, but simplifies the fault tree models 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 basis.

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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7.2.2 SOLID STATE PROTECTION SYSTEM

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

1.

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

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

Testing of the reactor trip 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.

Maintenance of the reactor trip 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.

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.

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.

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.

Testing and maintenance of slave relays was modeled assuming that only the affected relay is
inoperable. This is 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 is 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 varies 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 -
driving three slave relays

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

7.2.3 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. Items 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 modeled as to O
prohibit actuation of the entire associated train. This is consistent with practice 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
is included in the models:

- 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)

7.3  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 to initiate reactor trip or
safety injection. These included: 1) safety injection with the SSPS and 2 of 3 or 2 of 4 channel
logic, 2) reactor trip 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 trée for reactor
trip 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 TOP 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.

7.4 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 trip 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 Protection System: :

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

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

3. Reactor trip 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.
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Table 7.1
Summary of Safety Injection and Auxiliary Feedwater Pump Start Signal
Unavailabilities - Solid State Protection System -

Signal Pre-TOP TOP Proposed -
Sl - 2/4 logic w/CCF 1.18E-03 1.40E-03 1.43E-03
SI - 2/4 logic, w/o CCF 1.52E-04 2.38E-04 2.73E-04
Sl - 2/4 logic w/OA, w/CCF 6.88E-04 7.36E-04 7.42E-04
Sl - 2/4 logic w/OA, w/o CCF 4.72E-05 9.41E-05 1.00E-04
Sl - 2/4 logic, 1 train, w/CCF 2.15E-02 2.75E-02 2.89E-02
Sl - 2/4 logic, 1 train w/o CCF 2.14E-02 2.73E-02 2.87E-02
Sl - 2/4 logic, 1 train w/OA, w/CCF 1.84E-02 2.42E-02 2.57E-02
Sl - 2/4 logic, 1 train w/OA, w/o CCF 1.84E-02 2.42E-02 2.57E-02
S| - 2/3 logic, w/CCF 1.47E-03 2.24E-03 2.92E-03
SI - 2/3 logic, w/o CCF 2.64E-04 5.57E-04 1.23E-03
SI - 2/3 logic w/OA, w/CCF 6.91E-04 7.45E-04 7.57E-04
Sl - 2/3 logic w/OA, w/o CCF 4.83E-05 9.73E-05 1.10E-04
Sl - 2/3 logic, 1 train, w/CCF 2.18E-02 2.83E-02 3.04E-02
Sl - 2/3 logic, 1 train, w/o CCF 2.15E-02 2.76E-02 2.97E-02
Sl - 2/3 logic, 1 train w/OA, w/CCF 1.84E-02 2.42E-02 2.57E-02
Sl - 2/3 logic, 1 train w/OA, w/o CCF 1.84E-02 2.42E-02 2.57E-02
AFWPS - 2/4 logic, w/CCF 5.91E-04 7.01E-04 7.24E-04
AFWPS - 2/4 logic, w/o CCF 5.98E-05 - 9.57E-05 1.19E-04
AFWPS - 2/4 logic, 1 train, w/CCF 1.00E-02 1.43E-02 1.57E-02
AFWPS - 2/4 logic, 1 train, w/o CCF 1.00E-02 1.42E-02 1.56E-02
AFWPS - 2/3 logic, w/CCF 7.64E-04 1.14E-03 1.66E-03
AFWPS - 2/3 logic, w/o CCF 1.36E-04 2.50E-04 7.72E-04
AFWPS - 2/3 logic, 1 train, w CCF 1.02E-02 1.47E-02 1.66E-02
AFWPS - 2/3 logic, 1 train, w/o CCF 1.01E-02 1.45E-02 1.64E-02

Sl: Safety Injection

AFWPS: Auxiliary Feedwater Pump Start
CCF:. Common Cause Failures

OA: Operator Action
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Table 7.2
Summary of Safety Injection and Auxiliary Feedwater Pump Start Signal
" Unavailabilities - Relay Protection System
. : Signal Pre-TOP TOP Proposed
Sl - 2/4 logic, w/CCF 7.12E-04 9.84E-04 1.02E-03
Sl - 2/4 logic, w/o CCF 8.96E-05 2.23E-04 2.55E-04
Sl - 2/3 logic, w/CCF 1.00E-03 1.82E-03 2.49E-03
Sli - 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
Sl: 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 Pre-TOP TOP Proposed .
RT - 2/4 logic, w/CCF 1.20E-04 1.99E-04 2.13E-04
RT - 2/4 logic, w/o CCF 6.47E-06 1.10E-05 2.47E-05
RT - 2/4 logic w/OA, w/CCF 1.79E-05 1.93E-05 1.98E-05
RT - 2/4 logic w/OA, w/o CCF 9.06E-07 1.59E-06 2.08E-06
RT - 2/3 logic, w/CCF 2.94E-04 - 6.34E-04 1.14E-03
RT - 2/3 logic, w/o CCF 8.31E-05 1.65E-04 6.68E-04
RT - 2/3 logic w/OA, w/CCF 1.96E-05 2.37E-05 2.91E-05
RT - 2/3 logic w/OA, w/o CCF 1.67E-06 3.13E-06 8.61E-06
RT - diverse signals, w/CCF 3.01E-05 3.13E-05 3.23E-05
RT - diverse signals, w/o CCF 1.19E-06 2.42E-06 3.37E-06
RT - diverse signals w/OA, w/CCF 1.70E-05 1.76E-05 1.80E-05
RT - diverse signals w/OA, w/o CCF 8.72E-07 1.52E-06 1.89E-06

RT: Reactor Trip
CCF: Common Cause Failures
OA: Operator Action
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0 ~ Table7.4
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 Iogic”, w/o CCF 4.01E-06 8.87E-06 2.16E-05
RT - 2/3 logic, w/CCF 2.51E-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

i “

‘~»
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Relay Protection System:

. 1. Safety injection signal: representative of the safety injection signal.

2. Auxiliary feedwater pump start signal: representative of the auxiliary feedwater pump start
signal and the main feedwater isolation signal.

3. The signal unavailability results for steamline isolation, containment spray and containment
isolation signals fall between the results for the safety injection and auxiliary feedwater pump
start signals, so they were not specifically evaluated. It will be conservatively assumed that
the representative safety injection signal represents these signals also.

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

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

From Tables 7.1 through 7.4, the following general conclusions are reached. Several of these
conclusions were previously provided in Reference 3.

1. 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.

2. The unavailabilities of engineered safety features and the reactor trip actuation signals with
credit for an alternate actuation by operator action are lower than those corresponding signals
without the operator action. '

3. Common cause failure contributions account for a considerable part of the total signal
unavailability.

4. The increase in signal unavailability, with common cause failure contributions included, from
the TOP Case to the Proposed Case is significantly less than the increase from the Pre-TOP
Case to the TOP Case.

5. The signal unavailabilities and changes in signal unavailabilities between the three cases for
the relay protection system are comparable to or less than the corresponding solid state
protection system signals.

6. The unavailabilities for the auxiliary feedwater pump start signal are lower than the
unavailabilities of the safety injection signal (without operator action). As seen in the
discussion below, this is primarily due to the number of master and slave relays modeled in
each of these signals.

Tables 7.5 through 7.11 provide a breakdown of the signal unavailability by contributors. The

contributors, or components, listed separately are the 1) random failures, test, and maintenance of
the relays (masters and slaves) and logic cabinets, 2) random failures, test, and maintenance of
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- 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 is included in the model. The reason for this is that the operator action provides an
altemate path, separate from the analog channels and logic cabinets, to actuate the master and
slave relays or the reactor trip breakers. This is evident by comparing the results provided on
Table 7.5 with those on Table 7.6 for safety injection signals and by comparing 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 signal to
fail. This is evident from a comparison of the results provided on Table 7.8 with those on Table
7.10. ltis 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 small 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 is also concluded from these tables that the primary difference between the unavailability 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 includes one master relay per train
actuating two slave relays. Due to the additional master and slave relays required for the safety
injection signal, there are more component failure combinations that will lead to failure of the
signal. This can be seen from 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 start 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

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

Random failures, test, and maint.
- Relays and logic cabinets 1.51E-04 12.8 2.33E-04 16.6 2.49E-04 17.4
- Analog channels 9.21E-07 0.1 4.50E-06 0.3 2.37E-05 1.6
- Subtotal 1.62E-04 12.9 2.38E-04 16.9 2.73E-04 19.0
Common cause failures
- Slave relays 5.21E-04 443 5.21E-04 37.2 5.21E-04 36.3
- Master relays 1.16E-04 9.9 1.16E-04 8.3 1.16E-04 8.1
- Logic cabinets 3.15E-04 26.8 3.15E-04 22.5 3.15E-04 22.0
- Analog channels 7.16E-05 6.1 2.10E-04 15.0 2.10E-04 14.7
- Subtotal 1.02E-03 86.8 1.16E-03 83.0 1.16E-03 81.1
Total 1.18E-03 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
Breakdown 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 Proposed Case
Unavailability] Percent |Unavailability] Percent |Unavailability| Percent

Random failures, test, and maint.
- Relays and logic cabinets 4.72E-05 6.9 9.41E-05 12.8 1.00E-04 13.5
- Analog channels 9.21E-09 0.0 4.50E-08 0.0 2.37E-07 . 0.0
- Subtotal 4,72E-05 6.9 9.41E-05 12.8 1.00E-04 13.5
Common cause failures
- Slave relays 5.21E-04 75.7 5.21E-04 70.8 5.21E-04 702 -
- Master relays 1.16E-04 16.9 1.16E-04 15.8 1.16E-04 15.6
- Logic cabinets 3.15E-06 0.5 3.15E-06 04 3.15E-06 04
- Analog channels 7.16E-07 0.1 2.10E-06 0.3 2.10E-06 0.3
- Subtotal 6.41E-04 93.2 6.42E-04 87.3 6.42E-04 86.5
Total 6.88E-04 (1) 7.36E-04 (1) 7.42E-04 (1)

Notes: 1 - The total may not equal 100% due to round off.
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S Breakdown of Signal Unavailability Contributors

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

g Unavailability Contributions

3 Contributor Pre-TOP Case TOP Case Proposed Case

Unavailability| Percent |Unavailability| Percent |Unavailability] Percent

Random failures, test, and maint.
- Relays and logic cabinets 5.93E-05 10.0 9.42E-05 13.4 1.06E-04 14.6 s
- Analog channels 5.21E-07 0.1 1.49E-06 0.2 1.32E-05 1.8 %
- Subtotal 5.98E-05 10.1 9.57E-05 13.6 1.19E-04 16.4 %
Common cause failures §

~ - Slave relays . 1.74E-04 29.5 1.74E-04 24.8 1.74E-04 24.0 :gu

> - Master relays 5.79E-05 9.8 5.79E-05 8.3 5.79E-05 8.0 g
- Logic cabinets 2.60E-04 44.0 2.60E-04 37.1 2.60E-04 35.9 ?)
- Analog channels 3.90E-05 6.6 1.13E-04 16.1 1.13E-04 16.6 g
- Subtotal 5.31E-04 89.9 6.05E-04 86.3 6.05E-04 83.5 CN)
Total 5.91E-04 (1) 7.01E-04 (1) 7.24E-04 (1)

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




Table 7.8
Breakdown of Signal Unavailability Contributors
SSPS Reactor Trip: Pressurizer Pressure High (2/4) .
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Unavailability Contributions
Contributor Pre-TOP Case TOP Case Proposed Case
Unavailability| Percent |Unavailability| Percent [|Unavailability| Percent

Random failures, test, and maint.

- Trip breakers and logic cabinets 5.95E-06 4.9 9.51E-06 4.8 1.15E-05 5.4 =

- Analog channels 5.21E-07 04 1.49E-06 0.7 132E-05 | 6.2 g—.

- Subtotal 6.47E-06 5.3 1.10E-05 5.5 247E-05 | 11.6 %

Common cause failures §
~ - Trip breakers 1.60E-05 13.3 1.60E-05 8.0 1.60E-05 7.5 _;5?
N - Logic cabinets 5.90E-05 49.0 5.90E-05 29.6 5.90E-05 27.7 gﬁ

- Analog cabinets 3.90E-05 324 1.13E-04 56.8 1.13E-04 53.1 %

- Subtotal 1.14E-04 94.7 1.88E-04 94.4 1.88E-04 88.3 g

Total 1.20E-04 (1) 1.99E-04 (1) 2.13E-04 (1) o

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

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

$60£50-pLijdmmzsoRw

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

Random failures, test, and maint.
- Trip breakers and logic cabinets 9.01E-07 5.0 1.58E-06 82 1.95E-06 9.8
- Analog channels 5.21E-09 0.0 1.49E-08 0.1 1.32E-07 0.7
- Subtotal 9.06E-07 5.0 1.59E-06 8.3 2.08E-06 10.5
Common cause failures
- Trip breakers 1.60E-05 89.5 1.60E-05 82.8 1.60E-05 80.8
- Logic cabinets 5.90E-07 3.3 5.90E-07 3.1 5.90E-07 3.0
- Analog cabinets 3.90E-07 2.2 1.13E-06 5.9 1.13E-06 5.7
- Subtotal 1.70E-05 95.0 1.77E-05 91.8 1.77E-05 89.5
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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Table 7.10

Breakdown of Signal Unavailability Contributors
SSPS Reactor Trip: Pressurizer Pressure High (2/3) or Overtemperature Delta T (2/4)

s'

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

Random failures, test, and maint.
- Trip breakers and logic cabinets 1.13E-06 3.8 1.92E-06 6.1 2.36E-06 7.3
- Analog channels 2.19E-08 0.1 1.81E-07 0.6 6.96E-07 2.1
- Subtotal 1.15E-06 3.9 2.10E-06 6.7 3.06E-06 9.4
Common cause failures °
- Trip breakers 1.60E-05 53.2 1.60E-05 51.1 1.60E-05 49.6
- Logic cabinets 1.29E-05 42.9 1.29E-05 41.2 1.29E-05 40.0
- Analog cabinets 3.67E-08 0.1 3.15E-07 1.0 3.15E-07 1.0
- Subtotal 2.89E-05 96.2 2.92E-05 93.3 2.92E-05 90.6
Total 3.01E-05 (1) 3.13E-05 (1) 3.23E-05 (1)

Notes: 1 - The total may not equal 100% due to round off.
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Table 7.11

Breakdown of Signal Unavailability Contributors
SSPS Reactor Trip: Pressurizer Pressure High (2/3) or Overtemperature Delta T (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.
- Trip breakers and logic cabinets 8.72E-07 5.1 1.52E-06 8.6 1.88E-06 104
- Analog channels 2.19E-10 0.0 1.81E-09 0.0 6.96E-09 0.0
- Subtotal 8.72E-07 5.1 1.52E-06 8.6 1.89E-06 104
Common cause failures
- Trip breakers 1.60E-05 94.1 1.60E-05 90.7 1.60E-05 88.8
- Logic cabinets 1.29E-07 0.8 1.29E-07 0.7 1.29E-07 0.7
- Analog cabinets 3.67E-10 0.0 3.15E-09 0.0 3.15E-09 0.0
- Subtotal 1.61E-05 94.9 1.61E-05 91.4 1.61E-05 89.5
Total 1.70E-05 (1) 1.76E-05 (1) 1.80E-05 (1)

Notes: 1 - The total may not equal 100% due to round off.
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The conclusions regarding diversity of signals and operator action backup to initiate the protective
function are important when assessing the impact of the changes in the signal unavailability on
plant safety. It is important to realize that all of the reactor trip signals are backed up by either a
diverse signal or an operator action, and in many cases by both. This is also true for engineered
safety features actuation signals. Many of these signals, dependent on the specific event being
considered, can be generated by diverse sources or by operatbr actions. This is further
discussed in Section 8.

The cutsets leading to failure of the signal for a sample of safety injection, auxiliary feedwater
pump start, and reactor trip signals are provided in Tables 7.12, 7.13, and 7.14. Table 7.15
provides a key to the basic event identifiers used in these tables. These identifiers correspond to
those in the fault trees in Appendix D. The cutsets provided for the safety injection signal are for
pressurizer pressure low with 2/4 logic interlocked with P-11. The cutsets provided for the
auxiliary feedwater pump start signal are for steam generator level low-low in one loop with 2/4
logic. The cutsets provided for the reactor trip signal are for pressurizer pressure high with 2/4
logic. These cutsets represent more than 90% of the total signal unavailability in each case. ltis
seen from these tables that failure of the master relays, slave relays, logic cabinets, and analog
channels by common cause are the major contributors to signal unavailability.

Based on the results of the unavailability analysis it is concluded that the Technical Specification
changes being considered in this assessment have a minor impact on the availability of the
reactor trip and engineered safety features actuation signals. This is particularly evident for
functions that are backed by either diverse actuation signals or operator actions. It is further
concluded that the impact of the changes on signal unavailability for the SSPS can be used to
represent the impact of the changes on signals generated by the relay protection system. This is
based on a review and comparison of the signal unavailability results for the relay protection
system with the results for the SSPS. Such a comparison 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 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 is concluded that the SSPS results are representative of the relay
protection system results.

7.5 TECHNICAL SPECIFICATION CHANGES FOR SLAVE RELAYS

Current Technical Specifications with TOP implementation require a plant shutdown if the slave
relay is not retumed to service after the 6 hour AOT for maintenance (6 hour AOT plus 6
additional hours for the mode change). It is proposed that this AOT be increased to 24 hours (24
hour AOT plus 6 additional hours for the mode change) in this current study. The failure, or
unavailability, of a slave relay will disable a portion of an automatic actuation of one train of a
safety function. Typically, it will not disable the complete function of the train.
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Table 7.12
Dominant Cutsets for Signal Failure - Proposed Case

SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interlocked with P-11 .
1. 5.21E-04 CCF: SLAVE RELAYS
2. 3.15E-04 CCF: LOGIC CABINETS -
3. 2.10E-04 CCF: ANALOG CHANNELS
4, 1.16E-04 CCF: MASTER RELAYS
5. 1.44E-05 SSPSB -TAT TBT
6. 1.44E-05 SSPS1 TAT -TBT
7. 9.45E-06 MRDM -MRFM -TAT TBT
8. 9.45E-06 MRCM -MREM -TAT TBT
9. 9.45E-06 -MRDM MRFM TAT -TBT
10. 9.45E-06 -MRCM MREM TAT -TBT
11. 5.93E-06 AC1 AC2 AC3
12, 5.93E-06 AC1 AC2 AC4
13. 5.93E-06 AC1 AC3 AC4
14, 5.93E-06 AC2 AC3 AC4
15. 3.52E-06 SRD3MB -TAT TBT
16. 3.52E-06 SRD2MB -TAT TBT
17. 3.52E-06 SRD1MB -TAT TBT
18. 3.52E-06 SRC3MB -TAT TBT
19, 3.52E-06 SRC2MB -TAT TBT
20. 3.52E-06 SRC1MB -TAT TBT
21. 3.52E-06 SRF3MB TAT -TBT
22. 3.52E-06 SRF2MB TAT -TBT
23. 3.52E-06 SRF1MB TAT -TBT
24, 3.52E-06 SRE3MB TAT -TBT
25, 3.52E-06 SRE2MB TAT -TBT ‘ .
26. 3.52E-06 SRE1MB TAT -TBT
27. 3.23E-06 SSPSB -SRD3T SRF3T
28. 3.23E-06 SSPS1 SRD3T -SRF3T
29, 3.23E-06 SSPSB -SRD2T SRF2T
30. 3.23E-06 8SSPS1 SRD2T -SRF2T
31, 3.23E-06 SSPSB -SRD1T SRF1T
32. 3.23E-06 SSPS1 SRD1T -SRF1T
33. 3.23E-06 SSPSB -SRC3T SRE3T
34, 3.23E-06 SSPS1 SRC3T -SRE3T
35, 3.23E-06 SSPSB -SRC2T SRE2T
36. 3.23E-06 SSPS1 SRC2T -SRE2T
37. 3.23E-06 -SRC1T SSPSB SREIT
38. 3.23E-06 SRC1T -SRE1T SSPS1
39. 3.13E-06 SSPSB SSPS1
40. 2.35E-06 MRDMB -TAT TBT
41. 2.35E-06 MRCMB -TAT TBT
42, 2.35E-06 MRFMB TAT -TBT
43. 2.35E-06 MREMB TAT -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
11, 4.19E-06
12. 4.19E-06
13. 3.31E-06
14, 3.31E-06
15. 3.31E-06
16 3.31E-06
17. 2.78E-06
18. 2.78E-06
18. 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. 1.57E-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. 7.89E-07
36. 7.89E-07
37. 7.89E-07

LN A BN

CCF: LOGIC CABINETS
CCF: SLAVE RELAYS

CCF: ANALOG CHANNELS

CCF: MASTER RELAYS

MRCM
-MRCM
SSPS
SSPSB
MRCM
-MRCM
-SRC1T
SRC1T
AC1
AC1
AC1
AC2
-MRCM
MRCM
SRC1MB
SRC2MB
SRD2MB
SRD1MB
SSPS
SSPSB
-SRC1T
SRC1T
MRCMB
MRDMB
SSPS
MRCM
-MRCM
MRCM
SRC1MB
SRC2T
SRCa2MB’
SRC1T
SRC1MB

-MRDM
MRDM
-TAT
TAT
-MRDM
MRDM
MRCM
-MRCM
AC2
AC2
AC3
AC3
SSPS
-MRDM
-TAT
-TAT
TAT
TAT
-SRC2T
SRC2T
SSPS
-SRD1T
-TAT
TAT
SSPSB
-MRDM
MRDM
SRD1MB
-MRCM
SRD2MB
-SRC2T
SRD1MB
-SRC1T

-TAT TBT
TAT -TBT
TBT

-TBT

-SRC2T SRD2T
SRC2T -SRD2T
SRDIT -MRDM

-SRD1T MRDM
AC3
AC4
AC4
AC4
MRDM
SSPSB
TBT
TBT

-TBT

-TBT
SRD2T

-SRD2T
SRDIT
SSPSB
8T

-TBT

SRD2MB
SRC2MB
-MRDM
MRDM
-SRD2T
SRD2T
-SRD1T
SRD1T

See Table 7.15 for descriptions of basic event identifiers.
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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
5.88E-07
5.88E-07
10. 5.88E-07
1. 5.88E-07
12, 4.25E-07
13. 4.25E-07
14. 4.25E-07
15. 4.25E-07

LOoONOORLN=

16. 2.94E-07
17. 2.94E-07
18. 2.94E-07

19. 2.94E-07
20. 2.94E-07
21, 2.94E-07
22, 2.81E-07
23. 2.81E-07
24, 2.55E-07
25. 2.55E-07
26. 2.12E-07
27. 2.12E-07
28. 2.12E-07
29. 2.12E-07
30. 2.12E-07
31. 2.12E-07
32. 2.03E-07
33. 2.03E-07
34. 1.85E-07
35. 1.85E-07
36. 1.44E-07
37. 1.44E-07
38. 1.44E-07
39. 1.44E-07

CCF: ANALOG CHANNELS
CCF: LOGIC CABINETS
CCF: REACTOR TRIP BREAKERS

Bl456 Bl457 Bl458
Bl455 Bl457 Bl458
Bl455 Bl456 Bl458
Bl455 Bl456 BI457
-TBT -TBM 8MZ4
-TBT -TBM 815DC
TBT -TAT -TAM
TBT -TAT -TAM
-TBT -TBM 8MZ4
-TBT -TBM 815DC
TBM -TAT -TAM
TBM -TAT -TAM
-TBT -TBM 8GZ1
-TBT -TBM 8GZ2
-TBT -TBM 8GZ3
TB8T -TAT -TAM
TB8T -TAT -TAM
TB8T -TAT -TAM
TBT 52AM -TAT
MM52B -TBT -TBM
BT 52AC -TAT
CONTS -TBT -TBM
-T8T -TBM 8GZ1
-TBT -TBM 8GZ2
-T8T -TBM 8GZ3
TBM -TAT -TAM
TBM -TAT -TAM
TBM -TAT -TAM
TBM 52AM -TAT
MM528 -TBT -TBM
TBM 52AC -TAT
CONTS -TBT -TBM
8MZ4 OPER1

815DC OPERT1

OPER2 88MZ4

OPER2 8815DC

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
8GGZ1
8GGZ2
8GGZ3

-TAM
TAT

-TAM
TAT
TAM
TAM
TAM
8GGZ1
8GGZ2
8GGZ3

-TAM
TAM

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

ACx - analog channel x
- Blxxx - 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 trip breaker B mechanical malfunction
OPERT1 - 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 - train 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)
z 8GGZx - card A416X gate Zx failed open (train A)
- 8MZ4 - card A416Z multiplex IC Z4 failed short (train B)

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 AOTs for the components being actuated by the slave
relays are significantly longer than the current 6 hours and even the proposed 24 hours. Many
fluid safety systems that are actuated by the ESFAS have AOTs of 72 hours. In addition, when
the system is unavailable for this period of time, one train of the function is lost, but when the
slave is unavailable, the function is still available and can be initiated by operator action. This
inconsistency is 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 system itself is unavailable.

To resolve this inconsistency, it is 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 slave relay has
not been restored within the specific instrumentation AOT (currently 6 hours, 24 hours proposed).
This applies specifically to 1) slave relays that actuate single components, 2) slave 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 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. The technical
justification for this, which follows, is based on the small impact this will have on the availability 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 interval. 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 is calculated as follows and assumes
the actuated component will be unavailable for a full AOT of 72 hours.
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‘D - Probability of a test leading to the unavailability of the actuated system via the proposed

‘ n

action statement:
1.0E-04/demand x 1 demand/test x 0.1 = 1.0E-05/test

- Additional train or component unavailability:
1.0E-05/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 will still be available for actuation by an
operator.
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8.0 RISK ANALYSIS

As discussed in Section 1.0, the risk analysis is used to determine the impact of the changes to
the AOTS, STls, and bypass times on plant safety. The results 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
is not possible to draw conclusions from this since it is not known how important 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 risk 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 risk model, and results.

8.1 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 primary reasons:

- The IPE models more accurately reflect current plant operation; the system models represent
current plant design, the event evaluations more accurately represent current plant and
operator 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 sﬁpport system approach and examined the full complement of
intemal events. VEGP is 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 following is the basis for the signals used:
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- The reactor trip signal for condition Il and Ill 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 trip switches. .

- The reactor trip signal for condition IV events is initiated from either one set of analog .
channels (no functional diversity is available) or operator action. The operator action models
tripping the reactor from the main control board trip 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 S| from the main control board switches.

In the VEGP PRA, the ESFAS signals are included as part of the support systems model,
primarily for safety injection actuation, or within some of the fault tree models for systems
requiring automatic actuation by the ESFAS, such as auxiliary feedwater system and steamline
isolation. The reactor trip signals were included in the event tree models as appropriate.

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 values in the
VEGP PRA model. These substitutions occur in the support system model, event trees, and fauit
trees as necessary. After the substitution, the model is re-quantified with the WESQT Computer
Code (Reference 8) to determine the core damage frequency (CDF) and accident sequences. -
WESQT is a software tool used to quantify event trees, summarize 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 importances based on

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

Importance = (2(CDF of sequence!s with top event failure)/total CDF) x 100

The baseline case was initially quantified with the signal unavailabilities corresponding to Pre-

TOP allowed outage times, bypass times, and STIs. These were followed by quantifications with

the signal unavailabilities for the TOP Case and Proposed Case. The pre-TOP case was

quantified at the request of the NRC (see Section 3.0) and is used as the baseline value for

assessing the impact of the changes on plant safety. The measure used for plant safety in this

analysis is core damage frequency. ‘

In the WOG TOP risk analysis for the reactor trip signals, credit was taken for a reduction of -
0.5 trips/year/plant associated with implementing the AOT, bypass time, and STI changes
recommended in TOP. This is documented in Section 5.1 of Reference 1. Programs have been
implemented since the time the WOG TOP analysis was completed directed at reducing the
number of plant trips. Based on these programs, and with the additional RPS and ESFAS test
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and maintenance experience utilities have developed since then, a plant implementing the TOP
changes at this time may not necessarily 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 0.5/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 star, etc.) for each event. WOG TOP (Reference 1, Appendix H, Table 2.b-1) provides this
information for reactor trip signals. In addition to the signals listed in this reference, the plant can
also be tripped by the operator 1) from the main control board trip switches, 2) by interrupting
power to 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 to initiate
safety functions are also possible. For example, the operator can initiate the safety injection
function from the main control board Sl 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 O
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 trip 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 intemal 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 STi 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 event 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 STIs) to the TOP parameters. These values .
are broken into contributions from reactor trip signals and engineered safety features signals as ‘
follows:
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Table 8.1

Sources of Reactor Trip Actuation Signals

Event

Reactor Trip
Actuation Signal

Operation Action

Panels

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 Sidé 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 Trip 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 of Instrument Air Diverse Yes
Total Loss of Nuclear 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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Table 8.2

Sources of Engineered Safety Features Actuation Signals

Safety Function Event Signal Actuation Source
Safety Injection Large LOCA Nondiverse signal
Medium LOCA Nondiverse signal, OA by S! switch on main control board
Small LOCA Nondiverse signal, OA by S switch on main control board, OA of

individual components

Interfacing Systems
LOCA

Nondiverse signal, OA by Sl switch on main control board, OA of
individual components

SG Tube Rupture

Nondiverse signal, OA by Sl switch on main control board, OA of
individual components

éecondary Side Breaks

Nondiverse signal, OA by Sl switch on main control board, OA of
individual components

Auxiliary Feedwater Pump
Start

Events generating S|
signal Transients

Pump actuation on Sl signal
Nondiverse signal, AMSAC, operator action

Main Feedwater Isolation

Secondary Side Breaks

Nondiverse signal

Steamline Isolation

Secondary Side Breaks

Nondiverse signal

Containment Spray All events Nondiverse signal
Actuation

Containment Isolation All events From Sl signal
Containment Cooling All events From Sl signal
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Table 8.3

Summary of Human Error Probabilities for Operator Actions Backing Up Actuation Signals

Operator Action HEP (1) Source

Reactor trip from the main control board trip switches 1E-02 Conservative estimate based on several
IPEs

Reactor trip 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 trip have failed i

Safety injection from the main control 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
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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 CDF (per year) | Referenced to Referenced
Pre-TOP to TOP Pre-TOP to TOP
Pre-TOP 5.706E-05 - - 5.747E-05 = -
TOP 5.800E-05 1.6% - 5.832E-05 2.0% -
Proposed 5.835E-05 2.3% 0.6%* 5.893E-05 3.1% 1.0%*
TOP - Sens. 5.651E-05 -1.0% - 5.683E-05 -0.6% --
Proposed - Sens. 5.683E-05 -0.4% 0.6%° 5.741E-05 0.4% 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.
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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, diverse 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 model plant response to 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 recovery, 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
importance is of interest since the AFW top event includes the actuation signal, in addition to the
mechanical equipment. From these two tables 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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System (Top Event) Importance Summary: SSPS with 2 of 4 Logic

Table 8.5

System

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% 4.5%
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 1.6% 1.6% 1.6%
Normal Chilled Water System 1.5% 1.5% 1.5%
480 VAC Buses Train A 1.4% 1.4% 1.4%
Hot Leg Recirculation 1.2% 1.2% 1.2%
Normal Charging 0.9% 0.9% 0.9%
125 VDC Buses 0.8% 0.8% 0.8%
Pressurizer PORVs 0.7% 0.7% 0.7%
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Table 8.6
Q System (Top Event) Importance Summary: SSPS with 2 of 3 Logic
Importance Measure
. System

‘ Pre-TOP TOP Proposed

4160 VAC Power 55.8% 54.8% 54.2%

Aucxiliary Feedwater 20.5% 20.6% 20.6%

Nuclear Service Cooling Water 15.5% 16.4% 156.2%

CB ESF Electrical Equipment Room HVAC 15.4% 15.1% 15.0%

Reactor Trip 14.1% 14.5% 14.7%

Condensate Feed 11.0% 10.8% 10.7%

Essential Chilled Water System 9.1% 9.0% - 8.9%

Turbine Driven Pump 7.3% 7.2% 74%

High Pressure Injection 6.5% 7.2% 7.6%

PORVs and/or SVS Open 6.5% 6.6% 6.7%

‘ High Pressure Recirculation 6.3% 6.2% 6.1%

- Containment Cooling Units 6.2% 6.8% 71%

- Engineered Safety Features 5.2% 6.6% 7.2%

Component Cooling Water 4.3% 4.4% 4.4%

Low Pressure Injection 3.2% 3.8% 4.2%

Centrifugal Charging Pumps 3.2% 3.3% 3.3%

Safety Injection Pumps 2.7% 2.7% 2.6%

Low Pressure Recirculation 1.9% 2.0% 2.0%

RWST Failure 1.6% 1.6% 1.6%

Nommal Chilled Water System 1.5% 1.5% 1.5%

480 VAC Buses Train A 1.4% 1.4% 1.4%

Hot Leg Recirculation 1.2% 1.2% 1.2%

Normal Charging - 0.9% 0.9% 0.9%

. 125 VDC Buses 0.8% 0.8% 0.8%

Pressurizer PORVs 0.7% 0.7% 0.7%
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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.

8.4 RISK ASSOCIATED WITH A PLANT SHUTDOWN

One of the benefits of longer 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 parts;
the power reduction phase that occurs in mode 1 and the changes in operating modes after the
reactor is tripped. The risk 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 trip events have occurred during plant startups and 13 have occurred during
controlled shutdowns. Based on this, the probability of a reactor trip occurring during a startup or
a controlled shutdown can be determined:

" Probability of reactor trip during a startup
= 30 reactor trip events during startup/342 startups = 0.088

Probability of reactor trip during a controlied shutdown
= 10 reactor trip events during controlled shutdown/148 controlled shutdowns = 0.068

m:\2052w.wpf:1d-053095 8-12




Westinghouse Proprietary Class 2C

The risk, as measured by core damage frequency, associated with a reactor trip while shutting
down or restarting a plant can be obtained from the VEGP IPE. For a transient event, such as
partial loss 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
is:

CDF = 3E-06 x (0.088 + 0.068) = 4.7E-07

This value is comparable to the increase in core damage frequency for the Proposed Case, as
compared to the TOP Case, for both the 2 of 4 and 2 of 3 logic configurations. Therefore, the
risk 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 AOTSs. Including the risk for the other phase of shutdown and startup, when
the control rods are in the core, further increases the averted risk values.
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O 9.0 PROGRAM BENEFITS

- The benefits to utilities for the AOT and bypass time changes proposed in this report are
discussed in this section. These include additional 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.

(B

The longer AOTSs 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 spurious reactor trips
and spurious actuations of safety equipment.

The longer AOTs and bypass times for the analog channels will provide additional time before
being required to place the channel in trip. With the channel in trip, the logic required to
cause a reactor trip or a safety system actuation is reduced to 1 of 2 (for 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 trip the reactor or cause component actuation.

The longer allowed outage times will provide plant operators additional flexibility in operating
the plant. There will be additional time available before an action needs to be taken to shut
down the plant or place a channel in the tripped state. This additional flexibility will facilitate
prioritizing component repairs. Equipment considered more risk significant than that
generating the RT and ESF actuation signals can be repaired prior to repairing the
instrumentation system.

Extending the AOTSs 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 AOTSs 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 altemate signal. With a slave relay unavailable, the current
Technical Specifications with TOP implemented requires the slave relay to be repaired within
6 hours, even though the component the relay is required to actuate could be allowed to be
out of service for up to 72 hours.

Extending the AOTs will result in fewer discretionary enforcements related to inadequate time
to complete component repair activities. This will result in a cost savings for both the NRC
and utilities.
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10.0 CONCLUSIONS

Conclusions were provided in Section 7.4 specifically applicable to availability of RT and ESF
actuation signals. Conclusions were provided in Section 8.3 specifically applicable to the impact
of the proposed changes on plant safety. In addition, a discussion of the results in Section 4 also
lead to several relevant conclusions. The following is a summary of the conclusions that
specifically support changing the AOTs and bypass times to the proposed values listed in Tables
5.1 and 5.2. These conclusions are based on those previously presented and discussed. It is
recommended based on these conclusions, that the AOTs and bypass times be increased to
those in the Proposed Case, that at the discretion of the individual utilities, channel calibrations be
performed while the plant is at-power, and that the slave relay action be modified as noted in

item #11.

1. The proposed changes to the AOTs and bypass times have an insignificant impact on plant
safety. This conclusion applies to signals generated by the solid state and relay protection
systems, from either 2 of 4 or 2 of 3 logic. As seen from Table 8.4, the increase in core
damage frequency is 0.6% in comparison to the TOP Case for 2 of 4 logic and 1% in
comparison to the TOP Case for 2 of 3 logic.

2. The risk averted by eliminating a potential plant shutdown and restart due to the proposed
AOT changes, can offset the increase in risk of the proposed changes due to increased signal
unavailability while at-power.

3. The proposed changes being considered have a minor impact on the availability of the RT
and ESF actuation signals. This is particularly evident for functions that are backed-up by
either diverse actuation signals or operator actions.

4. The impact of the proposed changes on signal unavailability for the SSPS can be used to
represent the impact of the changes on signals generated by relay protection systems.

5. One of the strengths of the reactor protection system is the ability of diverse signals and
operator actions to cause reactor trip and system actuations to mitigate initiating events. This
diversity has been credited in this study. )

6. The importance of the reactor trip and engineered safety features actuation signals are
relatively low, and remain low with implementation of the proposed AOT and bypass time

changes.

7. Completing analog channel calibrations at power once every fuel cycle has a negligible impact
plant safety.
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8. 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

service simultaneously.

11. Slave relay repair activities that cannot be completed within the 24 hour AOT should not

necessarily 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.
Applicability 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 muitiple 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.

mi\2052w.wpf:1d-053095 10-2




Westinghouse Proprietary Class 2C

11.0 IMPLEMENTATION OF THE PROPOSED TECHNICAL SPECIFICATION CHANGES

The analysis presented and discussed in the previous sections recommends the following:

1.

The AOTSs and bypass times provided in Tables 5.1 and 5.2 be incorporated into the RPS and
ESFAS instrumentation Technical Specifications.

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

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".
This applies specifically to 1) slave relays that actuate single components, 2) slave 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 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.

Implementation 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 evaluated 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 applicable to those signals not specifically evaluated in the TOP analysis, but
shown to be applicable through subsequent evaluations. These include:
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Reactor trip on steam generator level low-low with time delay

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

Auxiliary feedwater suction transfer on suction pressure low

Feedwater isolation on main steam valve vault room water level high

Feedwater isolation on low reactor coolant system Tavg 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
coincident with SI

Automatic switchover to containment sump on RWST level low-low coincident with Sl and
containment sump level high
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In addition, these results are applicable to any signals utilities have independently shown to be
encompassed 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 it 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 signal availability similarly

between the two types of process protection systems.

There are several important analysis details that need to be considered 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 in Section 7.2. The following discusses these additional
details:

1. Maintenance on the master and slave relays, logic cabinets, and analog channels while at-
power is assumed to occur only after a component failure, that is, preventive maintenance
does not occur. This does not preclude 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 M -
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 channels and logic cabinets where a utility may want to start doing
preventive maintenance at-power instead of during shutdown.

2. ltis assumed that the total test time is used to complete all test activities. If a component is
found to be failed during 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 measuring the same
plant parameter, such as pressurizer pressure, will only randomly be unavailable due to
maintenance simultaneously. It is assumed that utilities will not knowingly remove multiple
channels performing the same function from service at the same time unless the channels -
have failed. '

4. ltis assumed in the analysis that the AOTs and bypass times for the logic cabinets and
reactor trip breakers are separate and independent. [t is also assumed that the logic cabinets
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and trip breakers both cause their train to be unavailable when in test or maintenance.
Therefore, this analysis supports a bypass time for the trip breakers equivalent 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 appropriate
system action statement" is limited as previously noted. This is necessary since PRA models
credit backup mitigation systems that perform similar functions to primary mitigation systems if
the primary mitigation system has failed. 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 is necessary to limit the use of this action as
previously noted.
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APPENDIX A

Proposed Changes to the Standard Technical Specifications

(NUREG-1431, NUREG-0452)

-- to be provided --
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APPENDIX B

No Significant Hazards Evaluation

-- to be provided --
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Plant Survey
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Attachment
WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Survey: Introduction

One of the objectives of the Technical Specification Instrumentation Chapter Optimization
Program is to evaluate longer allowed outage times (AOTSs) for the analog channels and the .
logic cabinets of the reactor protection system (RPS). Odtage 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 utilities. The second part, as discussed below, will be .
provided to a limited number of utilities after reviewing the results of the first part of the
Survey. The utilities that.receive the second part will be based on the feedback provided by
you as to 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 RPS 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 to completing test and maintenance activities?
In addition, information on the number of plant trips and controlled shutdowns that will be
averted due to these changes is also required. Part 1 of the survey is subdivided into three
sections. The first section requests information on plant specific implementation of WCAP-
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 to
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 6 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 so at a future date. Do not fill out anything else on
page 6 at this time,

Thank you in advanced for your cooperation. If you have any questions, please contact
either Jerry Andre’ (412-374-4723) or Jim Andrachek (412-374-5018).



Utility/Plant:

Utility Contact: Phone Number: _-

1.

2.

Westinghouse Proprietary Class 2C

WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Su}vev: Part 1

General Questions:

Have you implemented the Technical Specification AOT and STI changes justified in
WRAP-10271 (Evaluation of Surveillance Frequencies and Out 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)

Instrument Channel and Logic Cabinet Unavailability Questions:

1.

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 onef?

. 0%

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

viii. other (please specify)
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How often are maintenance activities on loglc 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. testtime would increase by 25%

ii. test time would increase by 50%

iv. test time would increase by a factor of 2
v. test time would increase by a factor of 4
vi. test time would 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 would 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. test time 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 analog channels, how L
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%

iii. 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 72 hours

vii. other (please specify)
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9. 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%

iii. 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 hours

vii. other (please specify)

10. 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).

11. If the allowed outage times were extended to 24 hours for logic cabinets, would
additional test or maintenance activities be performed at power? 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).

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.  Number of controlled plant shutdowns:

2. Number of Tech Spec required shutdowns:

3. Number of (Tech Spec specified) instrumentation related shutdowns:

4. Number of shutdowns avoided due to discretionary enforcement: _

5. Number of shutdowns related to (Tech Spec specified) instrumentation avoided due
discretionary enforcement:
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13.

14.

15.
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Number of startups; ____

Number of reactor trips:

Number of trips that occurred while in a controlled shutdown:
Number of trips that occurred during startup:

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

Number of spurious safety injections (please break down as follows):
number at power: '

number during a controlled shutdown:

number during startup:

Number of spurious safety injections related to instrumentation test or maintenance
activities:

number related to test activities:

number related to maintenance activities:

Have 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 retumed to service - if
necessary, attach an additional page providing the information).

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):

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 channels were taken out

and returned to service for either test or maintenance activities. Note if the test or

maintenance activity was performed in bypass or trip.

chronological order.

If the channels are identified by a plant specif ic 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.

If possible, provide this in

Suggested Table for Channel and Logic Unavailability History

Component Time and Date Time and Date
Remove from Returned to
Service " Service

PZR P1 1/5/91, 1:15PM  1/5/91, 2:00 PM
SG1 L1 1/6/91, 8:00 AM  1/6/91, 9:30 AM
etc.

Please return the completed survey to:

Mall to:

Mr. G.R. Andre’

ECE MS 4-28

Waestinghouse Electric Corporation
P.O. Box 355

Pittsburgh, PA 15230-0355

Activity Trip or
Performed Bypass
{test or maint)
test, trip
test trip

Fax to: (412) 374-5099

Due Date: Friday September 16, 1994




Westinghouse Proprietary Class 2C

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 is "+a,c". .
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Westinghouse Proprietary Class 2C

The base fault trees are provided on the following pages. For the most part, these are directly
from the WOG TOP analysis (References 1, 2, 3). The following describes how these are used to
develop the fault trees that model the reactor trip and engineered safety features actuation
signals.

1. Safely Injection on Pressurizer Pressure Low interlocked with P-11: Solid State Protection
System, 2 of 4 Logic

Fault tree SICPA is used as the top tree. Fault tree SMPPL1 feeds into SICPA at node 71 and a
second tree similar to SMPPL1, but representing the other logic train, feeds into SICPA at node
147. Fault tree B9, modeling the pressurizer pressure (low) analog channels, provides input
values to SMPPL1. )

2. Safely Injection on Pressurizer Pressure Low interlocked with P-11: Solid State Protection
System, 2 of 4 Logic, w/Operator Action

This is identical to Item #1, but with an operator action added to fault tree SICPA. The operator
action is added under an "AND" gate at node 21 and node 99. Feeding into the "AND" under
node 21 is the operator action and the subtree under node 32 ("Failure of Safeguards Driver to
Energize Master") in SICPA. Feeding into the "AND" under node 99 is the operator action
(transferred from that under node 21) and the subtree under node 110 (*Failure of Safeguards
Driver to Energize Master") in SICPA. .

3. Safety Injection on Pressurizer Pressure Low interlocked with P-11: Solid State Protection
System, 2 of 3 Logic ‘

This is identical to Item #1, but with one of the analog channels removed. In fault tree SMPPL1
this corresponds to removing one of the subtrees under node 34, a 3 of 4 combination gate, and
changing the gate logic to 2 of 3.

4, Safety Injection on Pressurizer Pressure Low interlocked with P-11: Solid State Protection
System, 2 of 3 Logic, w/Operator Action

This is identical to Item#2, but with one of the analog channels removed. In fault tree SMPPLA1
this corresponds to removing one of the subtrees under node 34, a 3 of 4 combination gate, and
changing the gate logic to 2 of 3.

5. Auxiliary Feedwater Pump Start on Steam Generator Level Low-Low: Solid State Protection
System, 2 of 4 Logic

Fault tree AXFW is used as the top tree. Fault tree SMSGL2 feeds into AXFW at node 69 and a
second tree similar to SMSGL2, but representing the other logic train, feeds into AXFW at node
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Westinghouse Proprietary Class 2C

147. Fault tree B10, modeling the steam generator level analog channels, provides input values
to SMSGL2.

6. Auxiliary Feedwater Pump Start on Stéam Generator Level Low-Low: Solid State Protection
System, 2 of 3 Logic -

This is identical to Item #5, but with one of the analog channels removed. In fault tree SMSGL2
this corresponds to removing one of the subtrees under node 41, a 3 of 4 combination gate, and
changing the gate logic to 2 of 3.

7. Safety Injection on Pressurizer Pressure Low interlocked with P-11: Relay Protection System,
2 of 4 Logic

Fault tree SIPPL1 is used as the top tree. Fault tree B9, modeling the pressurizer pressure
analog channels, provides input values to SIPPL1.

8. Safety Injection on Pressurizer Pressure Low interlocked with P-11: Relay Protection System,
2 of 3 Logic

This is identical to Item #7, but with one of the analog channels removed. In fault tree SIPPL1
this corresponds to removing one of the subtrees under node 40, a 3 of 4 combination gate, and
changing the gate logic to 2 of 3 and one of the subtrees under node 156, a 3 of 4 combination
gate, and changing the gate logic to 2 of 3. -

9. Auxiliary Feedwater Pump Start on Steam Generator Level Low-Low: Relay Protection
System, 2 of 4 Logic

Fault tree FWA is used as the top tree. Fault tree B10, modeling the pressurizer pressure analog
channels, provides input values to FWA.

10. Auxiliary Feedwater Pump Start on Steam Generator Level Low-Low: Relay Protection
System, 2 of 3 Logic

This is identical to item #9, but with one of the analog channels removed. In fault tree FWA this
corresponds to removing one of the subtrees under node 14, a 3 of 4 combination gate, and
changing the gate logic to 2 of 3 and one of the subtrees under node 41, a 3 of 4 combination
gate, and changing the gate logic to 2 of 3.

11. Reactor Trip on Pressurizer Pressure High: Solid State Protection System, 2 of 4 Logic

Fault tree RTS24 is used as the top tree. Fault tree B10, modeling the pressurizer pressure ')
(high) analog channels, provides input values to RTS24.
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12. Reactor Trip on Pressurizer Pressure High: Solid State Protection System, 2 of 4 Logic,
w/Operator Action

This is identical to Item #11, but with an operator action added to fault tree RTS24. "AND" gates
are added under nodes 3 and 90. Feeding into the "AND" gate under node 3 is the operator
action and the subtree under node 23 ( "No Signal to the B Trip Breakers") in RTS24. Feeding
into the "AND" gate under node 90 is the operator action (transferred from that under node 3) and
the subtree under node 110 ("No Signal to the A Trip Breakers") in RTS24.

13. Reactor Trip on Pressurizer Pressure High: Solid State Protection System, 2 of 3 Logic

This is identical to Item #11, but with one of the analog channels removed. [n fault tree RTS24
this corresponds to removing one of the subtrees under node 38, a 3 of 4 combination gate, and
changing the gate logic to 2 of 3 and one of the subtrees under node 125, a 3 of 4 combination
gate, and changing the gate logic to 2 of 3.

14. Reactor Trip on Pressurizer Pressure High: Solid State Protection System, 2 of 3 Logic,
w/Operator Action

This is identical to Iltem #13, but with one of the analog channels removed in each of the logic
trains as was described in ltem #13.

15. Reactor Trip (diverse source signal) on Pressurizer Pressure High or Overtemperature Delta
T: Solid State Protection System

Fault tree RTSDIV is used as the top tree. Fault tree B10, modeling the pressurizer pressure
(high) analog channels, and BISS, modeling overtemperature delta T channels, provide input
values to RTSDIV.

16. Reactor Trip (diverse source signal) on Pressurizer Pressure High or Overtemperature Delta
T: Solid State Protection System, w/Operator Action

This is identical to ltem #15, but with an operator action added to fault tree RTSDIV. "AND" gates
are added under nodes 3 and 136. Feeding into the "AND" gate under node 3 is the operator
action and the subtree under node 4 (B relays do not open circuit) in RTSDIV. Feeding into the
"AND" gate under node 137 is the operator action (transferred from that under node 4) and the
subtree under node 137 (A trip relays do not open circuit) in RTSDIV.

17. Reactor Trip on Pressurizer Pressure High: Relay Protection System, 2 of 4 Logic

Fault tree RTR24 is used as the top tree. Fault tree B10, modeling the pressurizer pressure
analog channels, provides input values to RTR24.
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18. Reactor Trip on Pressurizer Pressure High: Relay Protection System, 2 of 3 Logic (’

This is identical to Item #10, but with one of the analog channels removed. In fault tree RTR24
this corresponds to removing one of the subtrees under node 6, a 3 of 4 combination gate, and
changing the gate logic to 2 of 3 and one of the subtrees under node 40, a 3 of 4 combination .
gate, and changing the gate logic to 2 of 3.

19. Reactor Trip (diverse source signal) on Pressurizer Pressure High or Overtemperature
Delta T, Relay Protection System ‘

Fault tree DIVERSEM is used as the top tree. Fault tree B10, modeling the pressurizer pressure
analog channels, and BISS, modeling overtemperature delta T channels, provide input values to
DIVERSEM.

20. B9 - Pressurizer Pressure Low Analog Channel

21. B10 - General Channel

22. BISS - Overtemperature Delta T Channel
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9-a

VdOIS 8311 3udA]

e ————
CAUSE ANOOM FAILURES
FAILURES
CCF
) 8
NOOM FAILURE AAIN A IN TEST AAIN B !N T1EST
OF RELAYS AJLURE

RANOOM FAILURE RANOOMN F
TRAIN B TRAIN A

SEE PAGE 12 SEE PAGE 13

Fault tree : c:\woginste\ft\sicpa.dat
Oueued ; 03/24/95 09:00: 38
Page 1

AVE RELAYS
C2 & E2 FAIL

RELAYS

AVE AVE RELAYS
C3 € E3 FAIL

02 6§ F2 FAIL

VE RE ¥S
01 G Fl FAIL 03 & F3 FAIL

! PAGE 10 SEE PAGE 11
AVE RELAY C3 AVE RELAY E3 AVE RELAY C2 AVE RELAY E AVE RELAY C3 AVE RELAY F
FAILS 10 _PROY xos A!LS 10 mvme m.s T0_PROVIDE m.s w m FAILS 10 PROVIDE m.s ro Pnovx nu.s to Paovxoe FAILS 10 Pnovme
COMPONENT STAR' OMPONENT STAR COMPONENT START COMPONENT START COMPONENT STAR CONPONENT STAR
SIGNAL cwu. SIGNAL SIGNAL GNAL SIGNAL
SEE PAGE 3 SEE PAGE 4 SEE PAGE B SEE PAGE B SEE PAGE 7 SEE PAGE B SEE PAGE 9

T T
0SS OF 118V AVE nzu VE RELAY C AVE RELAY-C1 ’ nsuv c1 ASTER nsuv [
POXER 10 su FAILS 10 ovemxs councrs 00 Not UNAVAILABLE DUE UNAVAILASLE OUE couucrs DO NOT
RELAYS CLOSE 10 START 10 TEST TO MAINTENANCE

COMPONENT memrze SLAVE
118VAC SRCICS

SEE PAGE 2
n
18 x2 x3 X
AVE RELAY C1 ve RELA AVE nsuv c1 VE_RELAY C1 AAIN 8 SUAVE VE RELAY Ci mm B SLAVE
FAILS OPEN snoatso MOVE Avnua. OUE | [RELAY EL NOT IN AVAILA&E OUE | |RELAY E4 NOT
ELECTRICALLY Lscmcu.u ro TEST TEST 0 MAINTENANCE UNAVAILABLE DUE
N cumxcu. TO MAINTENANCE
SRACIFS SRCIT SAC IM
@ O c1 :c
AAIN 8 SLAVE ‘
AY

RE|
UNAVAILABLE OUE
TO MAINTENANCE

0z sse|n Aseyendosd esnoybuiisep




L-d

ASTER RELAY C
CONTACIS DO NOT

0
ENERGIZE SLAVE

MC
ASTER RELAY C AILURE OF 48V ASTER QELA
FAILS TO OPERATE | |OC POXER _TO UNAVAILABLE OUE
MASTER RELAYS TO MAINTENANCE
48V0C

27 28
48

AILURE OF
SAFEGUARDS
DRIVER 10
ENERGIZE MASTER

W

12

Fault tree & cx\wopinste\ft\sicps.dat
Outued @ 03/24/9% 09:00: 35
Page 2

L b 4
ASTER RELAY C ASTEA RELAY C ASTER FEI.AY C STER RELAY C RAIN B MASTER AF EGU. PUT PIN FAILS XNTED CXNUI'I'
FA FAILS SHORTED DOES NOT MOVE UNAVAILABLE DUE RELAY E NOT leER FAILS 10 FA!LS WEN BD
ELECTRICALLY ELECTRICALLY OUVE 10 TO MAINTENANCE UNAVAILABLE DUE PAOOUCE S FAILS OC’EN
MECHANICAL TO NAINTENANCE
MACEL MACFS MACHB HACH DI00TA PINTA WIRTA
28 33 [:}]
N
L —
R TRANSISTOR 0SS OF 48Y OC PUT PIN 10
FAILS TO TURN ON| [POWER SUPPLY ggull) FAILS
PINITA
|, 48 A
79
1AS FESXS!M 1AS TRANSISTOR
FAILS SHORIEOD FAILS TO TURN ON
BRESTA
» .
1AS TRANSIS'I'“I HS nssxsron fNPUT ZENEA AFE: GUARO
FAILS OPEN FAILS SHORTED DIOOE FAILS OPEN ;ﬂ%xiﬂ oGIC
BTRANSTA BRESITA ZEM)TA
v PONER OCKING D100E NPUT GATE FAILS NPUT PIN FAILS SET PIN SHORTS T GATE FA A N
élsl’PEs FAWRLTS FAILS OPEN OPEN OPEN Se € 1Ls XLlRE neus
SAFEGJAROS
$3VOCA BOI00TA INGATETA INPINTA RPINTA
SEE PAGE 14
42 47
PIN SHORTS 10
GROUND

PINSGTA
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AVE RELAY E§
_ FAILS ‘IO Pm YIOE
NT START
SIGNAL
84

0SS OF 138V AC AVE REL AVE REI.. El AVE RELAY E3
POXER TO SLAYVE FAILS T0 WERA!E CONTACTS DO NOT UNAVAILABLE DUE
RELAYS START 10 TEST

CLOSE 10
COMPONENT
' 91 |

/ e A

81 25 26

TO NMAINTENANCE (]
RGIZE SLAVE

a PAGE 15

X
AVE RELAY E3
UNAVAILASLE DUE YACYS 2] uor
NE

118vAC8 SREICS

AVE RELAY E3 AVE RELAY E3 AVE RELAY ES AVE RELA RAIN A SLA E

FAILS OPEN FAILS SHORTED T MOVE WAVAILA&.E RELAY

ELECTRICALLY ELECTRICALLY TO TEST WAVA!LABLE U.E
CHANXCM.. 10 1

SREJEL SRESFS

RELAY E3 RAIN A &AVE
AVAILA&E 33 RELAY
TO MAINTENANCE LNAVA!LABLE DlE
she M TO NAINTENANCE

09

AAIN A SULAVE

RE|
UNAVAILASLE OVE
T0 TEST

8-a

(Y

Fault tree : c:\woginstr\ft\sicpa.ost
Oueued : 03/24/95 09: 00: 33
Page 3
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AVE RELAY C2
FAILS 10 PROYIDE
COMPONENT ST

ART
SIGNAL
163
1 1
0SS OF 138V AC AVE BELAY C2 AVE RSLAY c2 YE RE AY C2 ASTER RELAY C
POKER TO SLAVE FAILS 'IO (PER 1€ CWIAC!S 00 NOT AVAXLA&E m)E WAVA!LA&E DOUE CONTACIS DO NOT
RELAYS TO START TO MAINTENANCE CI.MO%IZE SLAVE

o L

0
G(AN!CAL

AVE SS'EAY c2 5 AVE RELA¥ c2 AVE RELAY C2
TO MAINTENANCE
SRC2EL SAC2FS

AVE AVE RELAY C2
AILS SHORTED S NOT MOVE AVA!LA&E M RELAY EZ NOT IN UNAVAILABLE DUE
ELECTR!CALLY ELECTRICALLY TEST

168
c2

RAIN 8 SUAVE RAIN B SLAVE
LAY E2

RE|
UNAVAILABLE DUE
TO MAINTENANCE

RE
UNAVAILABLE DUE
T0 TEST

173

Fault tree & c:\woginstr\ft\sicpa.dat
Queved © 03/24/95 09:00: 35
Page 4
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AVE RELAY E2
FAILS 1O PROVIDE
COMPONENT START
SIGNAL
179
Y 1
0SS OF 138V AC AVE RE AY E2 AVE RELAY E2 AVE RELAY 52 AVE RELAY E2 ASTER RELAY E
PONER TO SLAYVE FAILS TO OPERATE | |CONTACIS DO NOT AVA LABLE OUE UNAVAILABLE DUE CONTACTS DO NOT
RELAYS CLOSE 10 START TEST TO MAINTENANCE CL
ENERGIZE SUAVE
-} A 181 A ME A
180 27 184
f
AVE RELAY E2 AVE RELAY E2 AVE R€LAY E£2 AVE RELAY E? RA!N A SI.AVE AVE RELAY E2 RAIN A SLAVE
FA FAILS SHORTED DOES_NOT MOVE VAILA&.E UNAVAILABLE DUE RELAY C2 NOT
ELECTRICALLY ELECTRICALLY 0 TEST LNAVAILABLE M.E TO MAINTENANCE UNAVAILABLE OUE
MECHANICAL 10 T TO MAINTENANCE
SREZEL SRESFS SRE2MB SRE2T SREXM

.

Fault tree : ¢:\woginstr\ft\sicpa.oat
Queved : 03/24/95 09:00: 35
Page 5
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Li-a

AVE RELAY C3
FAILS 10 PROVIDE
COMPONENT START

SIGNAL
186
T T T I 1
0SS OF 118V AC AVE RELAY C3 VE RELAY C3 AVE RELAY C3 AVE RELAY C3 STER RELAY C
PONER TO SLAVE FAILS TO OPERATE | |CONTACIS DO NOT UNAVAILABLE OUE UNAVAILABLE DUE CONTACIS DO NOT
RELAYS CLOSE 10 START TO0 TEST TO MAINTENANCE CLOSE 10
ENERGIZE SLAVE
SRCICS
19 A 189 A 203 HC A
197 X6 xS 211

RAIN 8 _SLAVE AVE RELAY C3 RAIN B_SLAVE
RELAY €3 NOT IN UNAVAILABLE DUE RELAY E3 NOT
TEST TO MAINTENANCE UNAVAILABLE OUE

TO MAINTENANCE
SAC3MB SAC3M

ovE

SRC3T
(= 4
3

)
AVE RELAY C3 AVE RELAY €3 AVE RELAY C3 VE RELAY C3

FAILS OPEN FAILS SMOATED OOES_NOT MOVE UNAVAILABLE

ELECTRICALLY ELECTRICALLY %E T0 T0 TEST

CHANICAL
SRCIEL SRC3FS

(9]

RAIN B_SUAVE
RELAY E3

UNAVAILABLE OUE
T0 MAINTENANCE

Fault tree : c:\woginstr\ft\sicpa.dat
Cueved : 03/24/95 09: 00: 35
Page 6
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cl-a

SLAVE RELAY E3
FAILS 10 PROVIDE
COMPONENT START
SIGNAL

X I T 1
0SS OF 138V AC AVE MLAY E3 AVE RELAY D3 AVE RELAY E3 VE _RELAY E3 ASTER RELAY E
POWER 10 SLAVE FAILS TO OPERATE | JCONTACIS DO NOT AVA!I.AR.E 233 UNAVATLABLE DUE CONTACIS DO NOT
RELAYS CLOSE 10 _STAR TEST TO MAINT CLOSE 10

NT ENERGIZE SLAVE

a3 ME A

227

s>

© & @é

b o A
AVE RELAY E3 AVE RELAY E3 VE “ELAY E3 AVE RELAY E3 IN A SLAVE AVE RELAY E3 RAIN A _SUAVE
FAILS OPEN FAILS SHORTED AVAILA&E DUE LNAVA!LAE.E DUE RELAY C3 NOT
ELECTRICALLY ELECTRICALLY 70 0 TEST WAVAXLABLE TO NAINTENANCE

UNAVAILABLE DUE
ICIL
SRE3EL SRE3FS SREAT

TO MAIRTENANCE

Fault tree @ ¢:\woginstr\ft\sicpa.dat
Oueued : 03/24/95 09:00: 33
Page 7
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L ) 4 ) 4 1
0SS OF 118V AC AVE RELAY D3 AVE RELAY D3 01 AVE RELAV DI ASTER RELAY O
PONER 10 SLAVE FAILS 10 OPERATE CONTACIS DO NOT W‘V‘".‘&E DVE UNAVAILABLE DUE CONTACIS DO NOT
RELATS CLOSE "10_START Tesi To MAINTENANCE. | |CCOSE 10
CORPOKE ENERGIZE SLAVE
SROICS
A SEE PAGE 16
18 231
230 e x?
"
‘VE RELAY [+}] AVE RELAY D1 AVE RELAY D3 N B SLAVE m!N B SLAVE
AILS OPEN FAILS SHORTED DOES NOT MOVE W‘VAIL‘&E M Y F1 NOT IN AVAILA&E
ELECTRICALLY ELECTATCALLY OV 10 1esi TeST AT TERaE. | [(RAvATLABLE DuE
MECHANICAL TO MAINTENANCE
SROIFS SR01MB SR01T Se01M

JORNCENCHNC)

RAIN B SLAVE RAIN B SLAVE
LAY F

RELAY F1
UNAVAILABLE DUE

UNAVAILABLE DUE
10 TEST TO MAINTENANCE

239 43

Fault tree : c:\woginstr\ft\sicpa.gst
Cueued @ 03/24/95 09: 00; 35
Page 8
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SLAVE RELAY F3

I
0SS OF I 8Y AC AVE RELAY F1
PO\(ERS'IO SLAVE FAILS TO OPERATE

RS F1
!AC!S DO ml’ WAVA!LA&E OuE
0 TEST
COMPONENT
SW!CS

X
VE RELAY F3 ASTER RELAY F
UNAVAILABRLE DUE CONTACTS DO NOT

TO MAINTENANCE CLOSE 10
ENERGIZE SLAVE

CLOSE 10 START

@A.__

( ] SEE PAGE 17

[«
AVE RELAY F1i AVE RELAY F3 F3 RAIN A SLAVE AVE RELAY F3
FAILS OPEN FAILS SHORTE! S NO! ”OVE LNAVAII.A& OVE UNAVAILASLE DUE R£LA
ELECTRICALLY ELECTRICALLY WAVA!LABLE U.E TO MAINTENANCE WAVAILABLE DUE
L ANICAL erF T T0 TEST 1 TO MAINTENANCE

SFS

n
N

RAIN A SULAVE
RELAY Di

AAIN A SULAVE
LAY

RE! D4
UNAVAILABLE DUE
TO MAINTENANCE

UNAVAILABLE DUE
T0 TEST

Fault tree : c:\woginstr\ft\sicpa.dat
Oueued ; 03/24/93 09:00: 33
Page 9
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AVE RELAYS
02 & F2 FAIL

Fault tree : c:\woginste\ft\sicpa.dat
Oueued @ 03/24/9% 09: 00: 35
Page 10

AVE RELAY D2 AVE RELAY F2
FAILS TO PROYIDE | IFAILS TO PROYIDE
COMPONENT START COMPONENT START
SIGNAL SIGNAL
SEE PAGE 18 .
284
X 1

0SS OF 138V AC AVE ﬂi AY 02 AVE RELAY D2 AVE RELAY 02 AVE RELAY D2 ASTER RELAY D
PONER TO SLAVE FAILS 'IO OPERATE | |CONTACTS 0O NOT WAV AILABLE DUE UNAVAILABLE OUE CONTACIS DO NOT
RELAYS CLOSE TO START TEST TO MAINTENANCE CLOSE T0 .

COMPONENT ENERGIZE SLAVE

18 A 286 A 283 o] A
285 21 22 299

SLAVE RELAY D2 AVE RELAY D2 AVE RELAY D2 AVE RELAY D RAIN B _SLAVE AVE RELAY D2 RAIN B SLAVE
%STSOI MOVE AVA!LA&E II.E KEEAY F2 NOT 1IN UNAVAILABLE DUE RELAY F2 NOT

FAILS OPEN FAILS SHORTEOD
ELECTRICALLY ELECTRICALLY TO MAINTENANCE UNAVAILABLE DUE

HECHANICAL TO MAINTENANCE
SRO2EL SROFS SHO2MB

SRO2T SROM

gl-a
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AVE RELAYS
03 & FI FAIL

AVE RELAY D3
FAILS T0 PROYVIODE
COMPONENT START
SIGNAL

0SS OF 110V AC AVE RELAY D3
FAILS 'lO OPERA'I'E

PONER TO SLAVE
RELAYS

CLOSE TO _START

AVE RELAY 03 AVE RE
CONTACIS DO NOT AVA!LA&E
0 TEST
SRO3CS

IR

/

I
AVE RELAY D3
UNAVAILABLE OUE
TO NAINTENANCE

AS!ER RELAY D
IS 00 NOT

CLOSE
ENERG] ZE SULAVE

328
23 24
AVE RELAY 03 AVE RELAY D3 AVE RELAY D3 AAIN 8 SLAVE VE RELAY D3
FA OPEN FAILS SHORTED AVA!LA&E DUE RELAY F3 NOT IN UNAVAILABLE DUE
ELECTRICALLY ELECTRICALLY TEST EST TO NAINTENANCE

SRO3T

( 39‘

® ©

SRO3M

03

RE
UNAVAILABLE OUE
10 TEST

RAIN B_SLAVE
LAY F3

RE!
UNAVAILABLE DUE
TO MAINTENANCE

Fault tree @ c:\xopinstr\ft\sicpa.oat
OQueued & 03/24/95 09:00: 35
Page 1t
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Fault tree : c:\woginstr\ft\sicpa.dat
Oueved : 03/24/9% 09: 00: 35
Page 32

OMBINATION 3

ﬁnmmo« 4 OMSINATION S INATION 6

SEE PAGE 23 SEE PAGE 24

RAIN B SLAVE AAIN A IN TEST
RELAY E1 FAILS

;__)

LAY E2 FAlLS]

3

AAIN A IN tzer

N B SLAVE
Y €3 FAILS

[ IN A IN TEST

RAIN 8 SLAVE*
RELAY F1 FAILS

353 A

-

TA

SEE PAGE 20

-4
>

RAIN B NOT
TEST

N T 0SS OF 118V AC AVE RELAY
. ] RAIN & IN TES PONER ! EILS 10 OPERA!E

;J

)C
-

YACI’S FHL ]

CNHCIS FAlL 10
CLOSE

/A

w
(2]
w

o D s

AT 56 357

A

A

359

SEE PAGE 2¢

TA

SEE PAGE 22
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Fault tree 1 c:\woginstr\ft\sicpa.dat
Oueued : 03/24/95 09: 00: 33

Page 13
OMBINATION 1 OMBINATION 2 OMBINATION 3 Eramuxon 4 OMBINATION 5 Erammou 3 ]
SEE PAGE 28 SEE PAGE 29
RAIN A SLAVE RAIN 8 IN TEST RAIN A SLAVE RAIN B IN TEST RAIN A_SLAVE RAIN 8 IN TEST AAIN A SLAVE: )
RELAY C§ FAILS RELAY C2 FAILS RELAY C3 FAILS RELAY 0% FAILS
SEE PAGE 25 SEE PAGE 26 SEE PAGE 27
401 18 1 18
18 . 407 4:4 421
) 4 b &
AAIN A NOT IN AAIN 8 IN TEST 0SS OF 118V AC AVE RELAY C3 ASTER RELAY C
1EST PONER FAILE To-orerite | [ChaYacis oo nor | [CONTSeraTbo NGt
CLOSE CLOSE
181
A 18 A x2 X1 A MC A
8T 402 403 404 403
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AILURE OF INPUT

Fault tree : c:\woginstr\ft\sicpa.dst
SIGNAL TO
SAFEGUARDS Queued ; 03/24/95 09:00: 3%
DAIVER
Page 34
50
0SS OF 13y OC ARQ A313 LOGIC ARQ A313 2ENER ARD A313 ZENER ARD A313 ARD A3£3 oUTPUT /2 INPUT AILURE OF St
TO CARD A313 IC 212 FAILED 0I00E CR 62 OIOOE CR 59 MR TIPLEX FAILURE CHANNELS FAILED RESET CIRCUIT
OPEN FAILED SHORT FAILED SHORT FAILURES
L212TA ZD62TA 059TA
SEE PAGE 31
51 58 81 64
INTED WIRING IN 48 FAILED IN 2 FAILED I‘IPLEX 1C 27 HPLEX XC 213 ARD A313 OUTPUT ARD A313 OUTPUT IXED 2RO ARO A313 INPUT
OPEN OPEN OPEN FAILED SHORT DIOOE CR 60 PIN 34 FAILED CHANNEL OPEN FAILURE
FAILED OPEN OPEN
PRAWIRTA PINASTA PINSTA HXZ7TA MXZ13TA 060TA - P34TA
SEE PAGE 30
63
NPUT DI0OE NPUT PIN 28
CR 52 FAILED FAILED OPEN
OPEN
D32TA P3BTA

DZ sse|n Ateraudold asnoybunsapn




ASTER RELAY €
CMIACYS DO NOT

EN£RG!2£ SLAYE

Fault tree @ c: \woginstr\ft\sicps.dat
Oueued : 03/24/93 09:00: 35

0z-a

Page 15
99
KE
Y T T
ASTER RELAY E ASTER RELAY E AILURE OF 48Y ASTER RELAY E AILURE OF
CONTACTS DO NOT FAILS TO OPERATE | |oc POXER TO UNAVAILABLE OUE SAFEGUARDS
CLOSE MASTER RELAYS TO NAINTENANCE ORIVER 10
ENERGIZE MNASTER .
MRECS 48Y0OCHB
104 A .
84
1 1 T X 1
ASTER RELAY E ASTER RELAY E ASTER RELAY € ASTER RELAY € RAIN A NAS'I’ER AFEGU. (uTPUT O 00E TPUT PIN FAILS INTED CIRCUIT
FA FAILS SHORTED DOES NOT MOVE UNAVAILASLE DUE RELAY C NO oalvER Ful.s 10 FAILS OPEN OPEN BOARD WIRING
ELECTRICALLY ELECTRICALLY TO MAINTENANCE I.NAVAILABLE OUE FAILS OPEN
MECHANICAL TO MAINTENANCE
MREEL MREFS MREND MREM axoore PINTB WIRTS
5 /A
) ¢ —
IN A MASTER WER TRANSIST 0SS OF 48Y OC PUT PIN T0
FAILS 1O TURN O | [POXER SuPPLY GROUND FAILS
I.NAVAILABLE DUE OPEN
TO NAINTENANCE
PINITB
(=] A 112 84
109 157

I
WER TRANAISTOR
FAILS OPEN

PTRANTB

T
IAS RESISTOR
FAILS SHORTED

BRESTB

AS TRANSIST
AILS TO TURN

313

D¢ sse|D Aleysudosd asnoybunsapn

IAS TRANSISTOR

T
IAS RESISIOR
FAILS OPEN 0

FAILS SHOATE

BTRANSTB BRESITB

uxooa FAILS OPEN
ZENOTB

13V DC POWER
SUPPLY FAWLTS

OCKING DIODE

NPUT GATE FAILS NPUT PIN FAILS
FAILS OPEN OPEN OPEN
8010078 INGATETB INPINTB

SET PIN SHOATS
GROUND

RPINTB

SET GATE FAIL

.
( =
f J

13v0CB

ORORNO

)

SEE PAGE 32

SET GATE FAILS
OPEN

RGATETES

IN SHOR‘IS T0
PINSGTE




L1¢-a

ASTER RELAY O
CONTACIS DO NOT

CL
ENERGIZE SLAVE

4 1

STER RELAY O
UNAVAILABLE DUE
TO NAINTENANCE

T T
ASTER RELAY O AILURE OF 48Y

FAILS TO OPERATE | |0C POWER TO
MASTER RELAYS

ARE!

AILURE OF
SAFEGUARDS
DRIVER 10
ENERGI2E MASTER

e 1 1
ASTER RELAY D ASTER RELAY O STER RELAY O STEA RELAY O RAIN B MASTER
FA FAILS SHORIED DOES_NOT NOVE UNAVAILABLE DUE RELAY F NOT
ELECTRICALLY ELECTRICALLY DUE T0 TO MAINTENANCE UNAYAILABLE DUE
MECHANICAL TO MAINTENANCE

MROM

MROEL MADFS MRONS
@ . . ON

Fault tree @ ¢:\woginstr\ft\sicpa.dat
Cueued : 03/24/95 09:00: 38
Page 16
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(AL

[ ¢ v »
ASTER RELAY F
CONTACTS DO NOT
CLOSE 10
ENERGIZE SLAVE
271
NF
T X I 1
ASTER RELAY F ASTER RELAY F AJLURE OF 48Y STER RELAY F AILURE OF
CONTACTS 00 NOT FAILS TO OPERATE | [OC POXKER TO UNAVAILABLE DUE SAl FEGJAmS
CLOSE MASTER RELAYS TO MAINTENANCE DRIVER 10

ENERGIZE MASTER

MRFCS
273 84 A 28 A
77 282
f 1
ASTER RELAY F ASTER RELAY F AS!ER QELAY F ASTER RELAY F RAIN A MASTER
FAIL FAILS SHORTED DOES MOVE UNAVAILABLE DUE RELA
ELECTRICALLY ELECTRICALLY OUE 1’0 TO MAINTENANCE lNAVAI A&E OUE
PED{LNICH. . TO MAINTENANCE

& O

AAIN A MASTER
LAY O

RE
l.NAVAlLABLE OUE
TO HAINTENANCE

Fault tree @ c:\woginstr\ft\sicpa.dat
Oueved : 03/24/95 09:00: 35
Page 17

2z sse|n Aieyaudold asnoybunsapn




AVE RELAY F2 Fault tree @ c¢:\noginstr\ftisicpa.dat |
FAILS 10 PROVIDE |
COMPONENT START Gueved : 03/24/95 09: 00: 35 |
SIGNAL ‘

Page 38 |
‘ 300
T Y 3
0SS OF 138V AC AVE RELAY F2 AVE RELAY F2 AVE neuv Fz VE RELAY F2 ASTER RELAY F
PONER TO SLAVE FAILS 10 OPERATE | JCONTACIS DO NOT umvuust.e UNAVAILABLE DUE CONTACIS DO NOT -
RELAYS CLOSE TO START TEST TO HAINTENANCE CLO: 0
comwsm ENERGIZE SLAVE |

3 ,,2"@ )

AVE RELAY F2 AVE RELAY F2 AVE RELAY F2 AVE RELAY F2 RAIN A &.AVE AVE RELAY F2 RAIN A SLAVE -
FAIL! FAILS SHORTED DOES_NOTeMOVE LNAVA!LA&E UNAVAILABLE DUE RELAY 02 NOT
ELECTRICALLY ELECTRICALLY OUE TO LNAVA!LABLE DlE TO MAINTENANCE UNAVAILABLE OUE
SFEGFG(ANICAL TO0 T TO MAINTENANCE

ORCORORNCO!

AAIN A SLAVE

LAY
UNAVAILABLE OUE
TO MAINTENANCE

g€ec-a

Dz sse|n Atersudosd asnoybunsapn




v¢-a

AVE RELAY F3
FAILS TO_PROVIDE
NT START

SIGNAL
333
Y X s |
0SS OF 318V AC AVE RELAY F3 AVE RELAY C3 AVE RELAY F3 VE RELAY F3 ASTER RELAY F
PONER TO SLAVE FAILS TO OPERATE | |CONTACIS DO NOT UNAVAILABLE OUE UNAVAILABLE OUE CONTACTS DO NOT
RELAYS CLOSE 10 START T0 TESY TO MAINTENANCE
COMPONEN ENERGIZE SLAVE
81 A 333 A MF A
334 Y6 ¥? 348
1
AVE RELAY AVE RELAY F3 VE RELAY F3 AVE RELAY F3 RAIN A SLAVE AVE RELAY F3 AAIN A _SLAVE
FAIL! FAILS SHORTED 00ES_NOT KOVE AVA!LA&E DUE RELAY D3 NOT UNAVAILABLE DUE RELAY D3 NOT
ELECTRICN.I.Y ELECTRICALLY OUE 10 0 TEST UNAVAILABLE DUE TO MAINTENANCE UNAVAILABLE DUE
MECHANICAL 10 TEST TO MAINTENANCE
SRF3EL SAF3MB SRF3T SRF 3M

.@

. ‘ F3

Fault tree @ c:\woginstr\ft\sicpa.dat
Oueued : 03/24/9% 09: 00: 38
Page 19
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AAIN 8 SLAVE

Fault tree @ c:\woginste\ft\sicpa.dat
RELAY €2 FAILS
Oueued : 03/24/95 09: 00: 35
Page 20
362
0SS OF 118V AC AVE RELAY E2 AVE RELAY E2 ASTER RELAY €
POMER FAILS TO CLOSE CONTACTS FAIL 10| JCONTACTS DO NOT
CLOSE CLOSE
o N 2 N W N« A
363 364 3658 366

Dz sse|D Aieraudold asnoybunnsapp



AAIN 8 SLAVE Fault tree @ c:\woginstri\ft\sicpa.dat
RELAY £3 EAILS

Oueved @ 03/24/9% 09: 00: 33

Page 2%

383
0SS OF 138V AC AVE RELAY E3 AVE RELAY E3 ASTER RELAY F
POXER FAILS T0 OPERATE CONTACTS FAIL T0 CONTACTS DO NOT
CLOSE CLOSE
81 A 1 A 2 A 3 A ) )
370 n 372 373

2z sse|n Areyaudosd asnoybunsapn




L2-d

0SS OF 118V AC
POXER

AVE RELAY F1
CONTACTS FAIL TO
CLOSE

ALVE RELAY F13
FAILS 10 OPERATE

ASTER RELAY F
CONTACTS DO NOT
CLOSE

AN

3”7

AN

378

SN

e

A

380

Fault tree @ c:\woginste\ft\sicpa.dat
Oueued © 03/24/9% 09:00; 35
Page 22
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Fault tree © c:\wopinstr\ft\sicps.vat
Queved : 03/24/98 09:00: 35
Page 23

RAIN A IN TEST RAIN B_SLAVE
RELAY F2 FAILS

TA A 383

382

X ),
AVE RELAY F2 AVE RELAY F2 ASTER RELAY F . -
FAILS 10 OPERATE ] |[CONTACIS 00 NOT CONTACTS DO NOT
CLOSE CLOSE

o D W BN s N e ’

384 383 386 38?7

0SS OF 138V AC
POKER

22 sse|D Aieyeudosd asnoybunsapp



6c-d

RAIN A IN TEST

AAIN B SLAVE
RELAY F3 FAILS

A

389

T

f
0SS OF 118V AC
POWER

AVE RELAY F3
FAILS TO OPERATE

AVE RELAY F3

CONTACTS DO NOT
CLOSE

STER RELAY F
CONTACTS DO NOT
CLOSE

81 A

393

Y6 A

332

\ A

393

W A

3%4

Fault tree @ c:\woginstr\ft\sicpa,.dst
Oueved © 03/24/95 09:00: 353
Page 24
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RAIN A SLAVE
RELAY C2 FAILS

Fault tree : c:\woginstr\ft\sicpa.dat

Oueved : 03/24/95 09:00: 35
Page 25

ﬂ

Y

0SS OF 138V AC
POXER

AVE RELAY
FAILS TO OPER.

C

2 AVE RELAY C2 ASTER RELAY C hd
ATE | |CONTACTS 0O NOT CONTACTIS DO NOT
CLOSE CLOSE

18 A

409

oe-a

X3 A

410

W DN e

L3 452

Nz sse|n Ateysudoid asnoybunsapp




Fault tree @ c¢:\woginstr\ft\sicpa.dat
OQueued : 03/24/95 09:00: 35
Page 26

¢ X T |

0SS OF 118V AC VE RELAY C3 AVE RELAY C3 ASTER RELAY C
POWER %&CI’S 00 NOT FAILS TO OPERATE %&CIS 00 NOT

o N s N N e A

416 417 418 419

Le-a
2z sse|n Aleyaudold asnoybunsapn




ce-a

AAIN A SLAVE
RELAY D1 FAILS

422

. Fault tree : c:\woginstr\ft\sicpa.dat
Qutued : 03/24/95 09:00: 35
Page 27

VE RELAY 0%
CONTACTS DO NOT
CLOSE

1 Y 1
AVE RELAY D1 STER RELAY D 0SS OF 138V AC
FAILS TO OPERATE g}gécts 00 NOT PONER

x? A

423

A

424 425 426

2z sse|n Aleyaudold asnoybunsapn




€e-a

OMBINATION 5

RAIN B IN TEST RAIN A SLAVE

RELAY D2 FAILS
o 1\

428

»
o

0SE

L T 1
0SS OF 118V AC AVE RELAY D2 AVE RELAY D2 ASTER RELAY D
POXER FAILS 10 OPERATE &ogééms 00 NOT &ONI'ACTS 00 NOT

18 A 21 A 2 A L A

430 41 432 433

Fault tree : c:\woginste\ft\sicpa.dat
Oueued : 03/24/93 09: 00: 35
Page 28
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ve-a

RAIN B IN TEST RAIN A _SLAVE

RELAY D3 FAILS

[
>

433

0SS OF 138N AC

POWER

AVE RELAY 03
FAILS TO OPERATE

AVE RELAY 03

FAILS TO OPERATE

]
ASTER RELAY D
CONTACTS DO NOT

CLOSE

-
-4

» D\

437 438

24 A

439

o 1\

440

Fault tree @ c:\wopinstr\ft\sicpa.dat

Oueued
Page 29

03/24/9% 09:00: 35
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F:nol;ésa InPUT Fault tree @ c¢:\woginstr\ftisicpa.dat
1 Oueued : 03/24/95 09: 00: 35
Page 30

NPUT D100E NPUT PIN 37 AILURE OF SSPS
CR 48 FAILED FAILED OPEN 0

OPEN ACTUATION SIGNAL
048TA P37TA SSPSB

[0
w
t
=3
[(e]
po
O
c
wn
(o]
v
o 3
W ke}
[41] 3
(1]
~
[+)]
-
~
0
[2]
wn
w
N
(@]




PUT_GATE
FAILS SHORIED FAILS OPEN

NYERTING GATE 12 lNVEHTING GATES
Z200TA GATE3TA GATEATA

FAILS SHORIED FAILS SHORT

GATELTA GATE2TA

OO

NYEATING GATE 1Y) (INYERTING snEJ

9e-a

Fault tree @ c:\woginstr\ft\sicps.dat
Gueved : 03/24/93 09:00: 35
Page 31
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AILURE OF INPUT F HI .
SIGNAL 10 ault tree : c¢:\wopinstr\ft\sicps.dat

SAFEGUARDS Ou : 4 : 00
DRIVER eved @ 03/24/9% 09:00: 33
Page 32
128
T T T T T T ).
0SS OF 15V OC ARD A313 LOGIC ARD A213 2ENER ARD A33$3 2ENER ARO A313 ARD A313 OUTPUT /2 INPUT AILURE OF SI
10 CARD A313 IC 212 FAILED ODICOE CR 62 O0100E CR 59 ML TIPLEX FAILURE CHANNELS FAILED RESET CIRCUIT
OPEN FAILEO SHORT FAILED SHORT FAILURES
L212T8 206278 05918
SEE PAGE 24
129 138 339
T 1 o————

INTED WIRING IN 48 FAILED IN 2 FAILED TIPLEX IC 27 TIPLEX IC 213 ARD_A313 OUTPUT ARO A313 OUTPUT IXED 2ERQ
OPEN OPEN OPEN FAILED SHORT FAILED SHOAT g}%go% &!’gN34 FAILED CHANNEL, OPEN

PRWIRT8 PIN4STE PIN2TB HX2778 MXZ13TB 08078 P3418

JF
| OORNO -

ARD A313 INPUT
AILURE

SEE PAGE 33

CR $2 FAILED FAILED OPEN
OPEN

05218 P3318

D ©

Le-a

o

[%]

.
>
(o]

=
(=]

[

0

®

T
ey

(o}

ko]

=
[0}

-+
[V

=

<

)
]

n

7]

N
O




8e-a

-
-

X

AILURE OF SSPS
TO_GENERATE
ACTUATION SIGNAL

T 1
NPUT DIOOE NPUT PIN 37
CR 48 FAILED FAILED OPEN

OPEN

04818 P3718

©

Fault tree : c:\woginstr\ft\sicpa.oat
Gueved : 03/24/95 09:00: 33
Page 33

Dz ssejn Aselsudoud asnoybunsapn



6€-a

AILURE OF SI
RESET CIRCULT
150
T T )
PUT_ZENER PUT GATE NVERTING GATE 2 NYERTING GATES
DIOCE FAILS FAILS SHORTED FAILS OPEN 3 AND 2 FAIL
SHORTED
220078 GATE3TB GATE4TB

NVERTING GATE 1 NYERTING GATE 2
FAILS SHORTED FAILS SHOATED

GATELTB GATERTB

| OO

Fault tree @ c:\woginstr\ft\sicpa.dat
Oueued : 03/24/95 09:00: 35
Page 34 (LAST)
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ov-a

LTIddINS 8841 Juang

Fault tree : c:\woginstr\ft\sepply.cat
Oueved @ 03/24/9% 10:3X 29
Page

P=11 FAILS AND
BLOCKS SI

1 4 b i
0SS OF 13V DC TIPLEX IC 0G1C 1€ A208x cm.mst. 1SCRETE ARD A416 OUTPUT ARD A416 INPUT
TO CARD A308X 213 FAILED FAILURE OR CONNECTOR COMPONENT FAILS LOX FAILURE
SHORT FATLURE FAILURE
15V0C MUXZ13
m SEE PAGE 7 SEE PAGE 8
r T T 1
GATE 212 TPUT OI00E CR TPUT PIN 34 ENER DIODE CR ENER DIOOE CA
FAILED OPEN 60 FAILS OPEN FAILED OPEN 22 FA!LED snoa N x 17 Fm.ms 62 FAILS SHORT 59 FAILS SHORT
8623 080 P34 82022 82062 82039
NPUT 01 ooe cA NPUT PIN 38 00E CA NOUT PIN 37 SIGNAL FROM
52 FAILS OPEN FAILED OPEN ca FA!LS OPEN FAILED GPEN CARD A215
8012 010 8010 8P37
0SS OF 1% a404x . ARD A404X (£AR0 A404X
VOLIS OC 10 M TIPLEX I1C~24 LOGIC IC DISCRETE
CARQ FAILED SHORT FAILURE
FAILURE
N4
SEE PAGE 2
18 23 :
INTED WIRING ARO A404X PIN Ano uotx PIN ARD A404X GATE ARD uoax GATE ARD A404X GATE ) (A404 OUTPUT PIN ) (3404X 3/4 '
ON CARD A404X 46 FAILED 23 FAILED OPEN 72 FAILED OPEN Z3 FAILED OPEN 3 FAILED OPEN ﬂfﬁ%s
WIR404 P2 GZ3 622 GZ1 P3
A404X FATLURE 404X FAILURE INY (2404X FAILURE A404X FATLURE
IN CHANNEL 1 CHANNEL 2 IN CHANNEL 3 IN CHANNEL 4
SEE PAGE 3 SEE PAGE 4 SEE PAGE 3 SEE PAGE 6

oz sse|n Areyaudold asnoybunsapn




o:g&é:gtx Fault tree : c:\woginstr\ft\ssopli,.cat
Cueued : 03/24/9% 10:33: 29
Page 2

FAILURE

N
~

) 4 |

ARD A404X ARD A404X ARQ A404X ARD A404X
ZENER DIOOE CR 2ENER DIODE CR ZENER DIOOE CR
28 FAILEQ SHORT 23 FAILED SHORT 22 FAILED SHORT FAILEO OPEN

1023 021 022 RS

.

Lv-a

o
(%]
.
3
[(e]
T
o
c
(2]
o
)
-
(]
©
=
o
~+
o
-
<
Q
o
2]
n
N
O




cv-a

Fault tree : c:\wopinstr\ft\ssppli.dat
Oueved : 03/24/95 10: 32 29

Page 3
ARD_A404X ARD A404X (A404%_INPUT
INPUT DIOOE CR INPUT PIN & CIRCULT 1
1 FAILED OPEN FAILED OPEN FAILURE
D1 P )
38
¢ Y

ARD_A404X TEST ARD AdO4X ARD A404X -
D RELAY K 147A BISTABLE
FAILED OPEN CONTACTS DO FAILEO HIGH

NOT CLOSE .

R147 ACt

T01

22 ssen Areleudold asnoybunnsapn




Fault tree : c:\wopinstr\ft\smppli.cat
Oueved : 03/24/95 10:33: 29
Page 4

. ARD_A404X ARD A404X (A404X INPUT
‘ INPUT DIODE CR INPUT PIN 8 CIRCULT 2
3 FAILED OPEN FAILED OPEN FAILURE
03 )
.
45
r T
ARO_A404X TEST ARO A404X ARD AdO4X
I RELAY K 221A SISTABLE
FAILED OPEN Tact FAILED HIGH

T02 R223 AC2

o
(2]
o,
3
Q
I
[o]
c
[723
(o]

3 s

£ .

© S
1]
-+
o
-
~<
O
[s))
0
7]
N
9]




vv-a

4404X FAILURE
IN CHANNEL 3

49
X 1
ARD_A404X ARD_A404X (1404%_INOUT
INPUT DIODE CR INPUT PIN 19 CIRCUIT 3
11 FAILED OPEN FAILED OPEN FATLURE
D11 P19
\—
52
r T
ARD A404X TEST ARD A404X AR A404X
DIOCE CR 3 RELAY K 302A BISTABLE
FAILED OPEN CORTACTS DO FAILED MIGH
NOT CLOSE

AC3

NOINO

Fault tree : c:\wopinstr\ft\smopll.dat
Gueved © 03/24/9% 10:33:29
Page S
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A404X FAILURE F H f .
IN CHANNEL 4 ault tree @ c:\woginstr\ft\ssppli.cat
Oueved : 03/24/93 10: 33: 29

Page 6
8 T
T I I Y )
ARD A404X ARD A404X ARO _A404X ARD A404X ARD A404X (A404X INPUT
INPUT OI00E CR INPUT O100€ CR INPUT PIN $0 INPUT PIN 46 INPUT PIN 13 CIRCULT 4
42 FAILED OPEN 6 FAILED OPEN FAILED OPEN FAILED OPEN FAILED OPEN FAILURE
012 06 P10 P37 P13
. . k ' I
. T 1
ARO A404X TEST ARD A404X ARD A404X -
OIOOE CR 4 RELAY K 402A BISTABLE
FAILED OPEN %;AC!%SEO FAILEDO HIGH

cL
T04 R402 AC4

(]
%]
[=A
=’
(o]
=
[
c
[72]
(0]

X 3

B .

a S
(0]
—+
Q
3
0
o]
[
7]
N
o




ARD A4315 OUTPUT
FAILS LOW

Fault tree @ c:\wopinstr\ft\szppli,.aat
Oueued : 03/24/93 10:32: 29
Page 7

NYERTING GATE
FAILS OPENED

GATEY

i ) & ' ) &
ENER DIOOE TPUT GATE APACITER C2 NVERTING GATE
FAILS SHOARTED FAILS SHORTED FAILS SHORTED FAILS SHORTED
GATER CAPC2 GATE3

©

9v-a

JORNO

D¢ sse|D Aieysudolgd asnoybunsapn




Fault tree © c:\woginste\ft\secpli.cat
Oueved : 03/24/95 210:3% 29
Page 8 (LAST)

& Y 1

RAMISSIVE CKT OCKING SWITCH MORY CKT FAILS
FAILS TO A LOX CONTACTS FAIL T0 A LOM OUTPUT
oUTPUT SHOATED
CONT4
A 2
NYERTING OIO00E ANISSIVE CKT ENER DICOE PUT GATE
FAILS SHORTED CARO FAILURE FAILS SHORTED FAILS SHORTED
DA 102 GATES
80

GATE4 2044

e ©

AILURE IN
CHARNEL 1 INPUT

AILURE IN PUT GATE ENER CR44 FAILS ENEA CR47 FAILS TPUT DI00E
?ERNISS!VE CARD FAILS OPEN SHORTED SHORTED FAILS OPEN
1047

Ly-a

2Z sse|n Aeisndold esnoybuiisopn

ey
ENER O100€ SSURE CHANNEL) ffEneR DIODE SSURE CHANNEL a SSURE
FAILS SHORIED 1 FAILS LOW FAILS SHORTED 2 FAILS LON FAILS SHORTED 3 FAILS LOX

2203A 22024 PC2 12034 PC3

PC
. | ‘ \ .




8t-a

MAXY 83ll JUsA]

Fault tree 1 c:\woginstri\ft\axfw.dst
Oueued : 03/24/93 10: 42: 47

. Page 1
—
OMMON CAUSE ANOOM FAIL.
FAILURES
CCF
Y 1
NOOM_RELAY RAIN A IN RAIN B8 IN -
FAlLlﬁSS TEST, RANOOM TESY, RANOOM
FAILURES FAILURES
TRAIN 8 RAIN A

f!lﬂﬂw 1 ?

TR

AVE RELAY C2 AVE RELAY D2
FAILS 10 va oe FAILS 10 PROYIOE
COMPONENT STAR COMPONENT START
GNAL SIGNAL

SEE PAGE 4 SEE PAGE 3

me 8

COMBINATION i] ( INATION 2
! SEE PAGE 7

T AT } [mx, s.%:ﬂ

o)

m SEE PAGE 3
Y AC
Live

FA!LS 'lO WERAIE
$18VACA

A!LS 70 PROV! FAXLS !0 PROVI
COMPONENT START
SIGNAL Sl

SEE PAGE 6
197

TO NAINTEN

VE RELAY C1 AVE RE LAY C4
CONTACIS DO NOT LNAVAILAE.E DUE
(LOSE TO START TEST
COMPONENT
SACICS

AVA!LA&E

STER RELAY
&MTAC!S 00 NO'I
ENERGIZE SLAVE

= (@

“"]

x>

RAIN 8 NOT TRAIN A
N TEST UNAVAIL. DUE
T0 TEST
TAT
SEE PAGE 2
18 P 1S
AVE RELAY C3 AVE RELAY C3 AVE RELAY 3] RAIN B SLAVE LAY Cl RAIN 8 SLAVE 'l’
FAILS OPEN FAILS SHORTED WAVA!LA AVAILA& RELAY D1 NOT IN ‘lESI’
ELECTRICALLY ELECTRICALLY WAVA!LABLE M TO MAINT ENANCE UNMAVAILABLE DUE
saciFs IC‘L 10 T sncin TO MAINTENANCE -

OO

@ i

RAIN 8 SLAVE

RE!
UNAVAILABLE OUE
10 TEST

(A

AAIN B SLAVE
RELAY €4

UNAVAILABLE DUE
TO MAINTENANCE

D¢ sse|n Areyaudosd asnoybunsapn




6v-a

ASTER RELAY €
ONTACIS 00 NOT

Fault tree : c:\woginstr\ft\axfw.dat
03/24/95 10: 42; 47

R.OSE 10 ]
ENERGIZE SLAVE Oueued
Page 2
o
23
MC
ASTER RELAY C ASTER RELAY C AILM OF 48Y AILURE OF
CONTACTS 0O NOT FAILS TO OPERATE | |OC POXER TO AVAILIB.E SAFEGUARDS
CLOSE MASTER RELAYS TO MAINTENANCE ORIVER T0
ENERGIZE NASTER
HACCS 48VOCA
23 32
48
[ ) X X 1
ASTER RELAY C ASTER RELAY C ASTER RELAY C ASTER RELAY C RAIN B MASTER UTPUT 0100€ TPUT PIN FAILS INTED CIRCULIT
FAILS OPEN FAILS SHORTED D0ES_NOT MOVE UNAVAILABLE DUE RELAY D NOT CRIVER FA!LS 10 FAILS OPEN OPEN B0ARD WIRING
ELECTRICALLY ELECTRICALLY OUVE TO TO NAINTENANCE UNAVAILABLE DUE ILS OPEN
MECHANICAL TO MAINTENANCE
MACEL MACFS MACNB MACN EIWTA PINTA WIRTA
33
(=} s
RAIN 8 MASTER WER TRANSISTOR 0SS OF 48v OC TPUT PIN T0
RELAY D FAILS TO TURN ON| |POXER SUPPLY GROUND FAILS
LNAVA!LABLE UE
TO MAIN
PINITA
oH A 34 48 A
k1 79
WER 'IRANAXS‘I'OG IAS ‘!SISYOR IAS TﬁANS!STOﬂ
FAILS OPEN FAILS SHORTED FAILS 10 TURN ON
PTAANTA BRESTA
XAS TRANSISTM JAS RESISTOR AF EGUARDS
ILS OPEN FAILS SHORTED oxooe FA!LS OPEN un%gn LOGIC
BTRANSTA BRESITA
0
13Y OC POXER OCKING DIODE NPUT GATE FAILS NPUT PIN FAILS SET PIN SHOARTS
SUPPLY FAWLTS FAILS OPEN OPEN OPEN TO GROUND
13vOCA BOI0OTA INGATETA INPINTA RPINTA

OO ORONO

SET GATE FAILS IN SHORTS TO
OPEN GROUND

RGATETA PINSGTA

SEE PAGE 9

Dz sse|n Aieyaudolyg asnoybuniisapn




AVE RELAY O3
FAILS 10 PROVIDE
COMPONENT START
SIGNAL

Fault tree : c:\wopinstr\ft\axfw,dst
Cueued 1 03/24/95 10: 42; 47
Page 3

T
AVE RELAY Df

0SS OF 118V AC AVE RE

PORER TO SLAVE FAILS T0 WERA'I CONTACIS DO NOT

RELAYS CLOSE 10 START
COMPONENT

118VACB SROICS

1
ASTER RELAY O
CONTACIS DO NOT

CL
ENERGIZE SLAVE

AVE RELAY D3
UNAVAILASLE DUE
TO MAINTENANCE

AVE RELAY
AVEILA&E M
SEE PAGE 10
A as A o
81 » s
AVE RELAY D% AVE RELAY D3 VE RELAY 01 AVE RELAY 04 IN A VE VE RELAY O3 -
FAILS OPEN FAILS SHORTED O0ES MOVE AVA!LA&E OvE AY _C1 NOT UNAVAILABLE DUE
ELECTRICALLY ELECTRICALLY 0 0 TEST UNAVAILABLE TO MAINTENANCE
OMNICAL OUE TO TEST
SROSEL SRDSFS SROIT SROIM

0s-a

/

10

RAIN A SLAVE

RA{N A SLAVE

RE!
UNAVAILABLE ODUE

RELAY Ci
UNAVAILABLE OUE
10 TEST TO MAINTENANCE

2z sse|n Aseysudold asnoybunsapp




AVE RELAY C2 F H f . <
LV E LAY e e 3ult tree @ c:\woginstr\ft\axfw.dat
COMPONENT START Ousued @ 03/24/95 10: 42: 47

Page 4

183

0SS OF 118V AC
POXER TO SLAVE
RELAYS

Y C2

|
ENERGIZE SLAVE ;

T R gy 4

AVE RE| Y €2 AVE RELAY C2 STER RELAY C
CW!ACIS DO NO! LNAVA“.AH.E E UNAVAILABLE DUE CONTACIS DO NOT
CLOSE TOYSTARY 0 TEST - TO MAINTENANCE QL.OSE 10

‘ AVE RELAY C2 AVE RELAY C2 AVE RELAY c2 AYE RELAY C2 AAIN B &.AVE VE RELAY C2 RAAIN B _SLAVE -
| S OPEN FAILS SHORTEOD DOES_NOT MOVE UNAVAILABLE DUE RELAY 02 UNAVAILABLE DUE RELAY 02 NOT

ELECYRICALLY ELECTRICALLY 0 T0 TEST LNAVAXI.ABLE ouvE TO NAINTENANCE UNAVAILABLE OUE
| MECHANICAL 10T T0 NMAINTENANCE

SAC2EL SRC2FS SAC2MB SRC2T

c2

RAIN 8 _SUAVE RAAIN 8 SULAVE
A RELAY D2

UNAVAILABLE DUVE WAVAXLA&E OUE
T0 TEST TO MAINTENANCE

16-a

[0
(%]
.
3
Q
J
[*]
c
[%2}
@
]
-
(=]
O
=
[}
~t
[}
-
<
Q
Q
n
»
N
O




¢s-a

AVE RELAY D2
FAILS 10 PROVIDE
COMPONENT START

-

SIGNAL
379
X 1 I 1
0SS OF 118V AC AVE RELAY 02 VE RELAY D2 AVE RELA AVE RELAY D2 STER RELAY
POWER TO SLAVE FAILS TO OPERATE | |CONTACIS DO NOT LNAVA!LA&E M UNAVAILASLE DUE CONTACIS DO NOT
RELAYS CLOSE TO0 START TO TEST TO MAINTENANCE
COMPONENT ENERGIZE SLAVE
SRO2CS
1 A 181 A 190 w A
180 4P 45 194
f
AYE RELAY 02 AVE RELAY D2 AVE RELAY D2 VE RELAY 02 AAIN A St.AVE AVE RELAY D2 RAIN A_SLAVE
FAILS OPEN FAILS SHORIED MOVE AVAILA&E OUE RELAY C2 UNAVAILASLE DUE RELAY C2 NOT
ELECTRICALLY ELECTRICALLY TEST LNAVA!LA&E U.E TO MAINTENANCE UNAVATLASLE DUE
ICLI. T0 TEST TO MAINTENANCE

SRO2

A A

Fault tree : c:\woginstr\ft\axfw.gst
Queved & 03/24/95 10: 42: 47
Page 3
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TRAIN 8 SLAVE Fault tree @ c:\wopinstr\ft\axfw.dat ~
RELAY Of FAIL,
Oueued @ 03/24/95 10: 42: 47

Page 6
208
LOSS OF 118Y SLAYE RELAY SLAVE RELAY MASTER RELAY
AC PO¥ER T0 01 FAILS 10 D1 CONTACTIS O CONTACTS
SLAYE RELAY OPERATE 00 NOT CLOSE CLOSE
e N - N e A o A
202 203 204 203

]
0n
(=1
3J
«Q
po 2y
]
[
wn
o

4 3

(&) .

A S
(0]
-+
Q
-
<
2]
[
n
7]
N
O




COMBINATION 2

Fault tree : c:\woginstr\ft\axfw.dst
Ousued : 03/24/98 10: 42: 47

Page 7
TRAIN A TRAIN B SLAVE .
IN TEST RELAY D2 FAIL.
TA 208
L0sS OF 418y SLAYE RELAY SLAYE RELAY MASTER MLAY .
AC PO\(ER 10 D2 FAILS 10 D2 CONTACIS D CONTA
OPERATE NOT DO NOT Cl.OSE
e DN s N A
210 214 212

.

D7 sse|n Aiejaudold asnoybunisspp




Fault tree : c:\woginste\ft\axfw.dat
Oueued ©: 03/24/95 10: 42: 47
Page 8

COMBINATION COMBINATION 2
TRAIN A SLAYVE TRAIN 8 TRAXN 8 IN TRAIN A SLAVE
RELAY C2 FAIL. IN TEST RELAY Ci FAIL.
SEE PAGE 112
220 18
18
L0SS OF t18Y SLAVE RELAY SLAYE RELAY MASTERA RELAY TRAIN 8 IN TRAIN A NOT
AC PO¥ER 10 C2 FAILS 10 €2 CONTACTS C CONTACTS TEST IN TEST
SLAYE RELAY OPERATE DO NOT CLOSE 00 MNOT CLOSE
18T
o
& A A A
T 18 A 2s 2@ NC
216 217 218 219 )4

TRAIN A
IN TEST

0¢ ssejp Aleraudold asnoybunsapn




9g6-a

AILURE 6* IeuT

Fault tree : c:\woginstr\ft\axfw.dst

P3aTA

SIGNAL T
SAFEGUARDS . Oueved : 03/24/93 30: 42: 47
ORIVER
Page 9
50
0SS OF 13V DC ARD A313 LOGIC ARD A333 2ENER ARD A313 2ENER ARD A313 ARD A313 OUTPUT /2 INPUT AILURE OF ST
TO CARD A313 IC Z12 FAILED 0IOCE CA 62 0I00E CR 59 MATIPLEX FAILURE CHANNELS FAILED RESET CIRCUIT
OPEN FAILEO SHORT FAILED SHORT FAILURES
L212TA 062TA Z039TA
SEE PAGE 13
L1} 28 1] 84
- Y P ——
INTED WIRING IN 48 FAILED IN 2 FAILED TIPLEX IC 27 TIPLEX IC 213 ARO A3313 OUTPUT ARD A313 OUTPUT IXED ZERO ARD A313 INPUT
OPEN OPEN OPEN FAILED SHORT FAILED SHORT 0 CR PIN 34 FAILED CHANNEL OPEN FAILURE
FAILED OPEN OPEN

PRAWIATA PIN4STA PIN2TA MX27TA MXZ$3TA 0D8OTA P34TA

SEE PAGE 12

1]
NPUT PIN 38
FAILED OPEN J

DT ssejn Ateyaudold asnoybunsapn




ASTER RELAY O

F O ) .
&%"C'g Aot o:ult tree : ¢ \uoqln:tr\;t\axln dat
QRO 10 o ave eued : 03/24/95 10: 42 4
Page 40
g9
TER nsuv o ASTER RELAY 0O ATLURE OF 48V STER RELAY D AILURE OF
councrs 00 NO FAILS TO OPERATE ] |0C POXER TO AvuuaL bUE SAFEGUARDS
CLOSE MASTER RELAYS TO NAINTENANCE DRIVER 10
ENERGI2E NASTER
48YDCB
101 A 110
a4
Asrm RELAY D ASTER RELAY D ASTER RELAY O ASTER RELAY D RAIN A MASTER PUT DIOOE PUT PIN FAILS xmeo cxncuu
S OPEN S SHORTED DOES_NOT NOVE UNAVAILASRCE DUE | [RELAY C NOT unxvm nus 70 | {FAILS OPEN OPEN
ELecmxcm.v Ev.ecmxcw.v DUE 10 TO MAINTENANCE UNAVATLABLE OUE
MECHANICAL TO KAINTENANCE 2
MROEL MROFS HRONB ‘exoore PINTB
. @
/\ =,
A FIEY 3
N «©
. ) =3
RAIN A MASTER WER 'mmslsron 0SS OF 48Y DC TPUT PIN 10 8
RELAY C FAILS TO TURN ON{ [POXER SUPPLY GROUND FAILS
UNAVAILABLE DUE OPEN 0
10 NATRTENANCE @
PINITS -
o -
g A g
~ o™ 112 84 =4
109 187 o
[ ~t
OXER TRANAISTOR 1AS nesxsron 1AS 'mmsxsroa 2
FAILS OPEN FAILS SHORTED FAILS TO TURN ON <
PTAANTS BRESTE 0
[
7]
(7]
118 N
4 ) | 1 0
1AS_TRANSISTOR 1AS RESISIOR NPUT 2ENER
FAILS OPEN FAILS SHORTED OIOCE FAILS OPEN tmvsa LOGIC
BTRANSTS BRESITH ENOTB
119
v n OCKING DIOOE NPUT GATE FAILS) (INPUT PIN FAILS ser PIN SHORTS SET GATE FAILS
M mf!s FAILS OPEN OPEN OPEN 0 GROUND
15v0C8 8010018 INGATETB INPINTB APINTB

SEE PAGE 14

O @ ©
‘ @ ©

SE'I' GATE FAILS IN SHORTS T0
r




8s-a

TRAIN A SLAYE
RELAY C$ FAIL.

SLAYE RELAY MASTER AY
C1 CONTACIS C CONTACTS
DO NOT CLOSE DO NOT CLOSE
e DN«
227 228 229 230

Fault tree : c:\wopinstr\ft\axfw.dat
Oueued : 03/24/93 10: 42: 47
Page 18
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FATO A3 IeuT Fault tree : c:\woginste\fti\axfw.dat
Oueued : 03/24/95 10: 42: 47
Page 12

1

AILURE OF S$SPS NPUT DIOOE NPUT PIN 37
10 _GENERATOR CR 48 FAILED FAILED OPEN
ACTUATION SIGNAL ] 1OPEN

048TA P37TA

O ©

43
n
.
3
(o]
I
(=}
c
(7]
@

o A

o

© 2,
D
-+
(V]
=
<
2]
o
(23
(7]
N
O




AILURE OF

RESET CIRWII
PUT ZENER TPUT GATE NVERT!M GATE 1 NYERTING GATES
OI00E FAILS FAILS SHOATED FAILS OPEN 1 ANO 2 FAIL
SHORTED
2200TA GATE3TA GATEATA
73 78

NYERTING GATE 8 NYERTING GATE 2
FAILS SHORTED FAILS SHORIED

GATELTA GATERQTA

OO

09-da

Fault tree I c:\woginstr\fti\axfw.dat
Queued & 03/24/95 10: 42: 47
Page 13
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N

L9-a

A!Lmetoe‘ 1I8PUT Fault tree : c:\woginstr\ft\axfw.dat

SIGNAL
ga;swms OQueued : 03/24/9% 10: 42: 47
u Page 14
129
R 0SS OF 13y OC ARD A313 LOGIC ARD AJ13 2ENER ARD A313 2ENER ARD A313 ARD A313 OUTPUT /2 INPUT AILURE OF ST
= TO CARO A3| IC 212 FAILED 0I00E CR 62 0I0OE CR 59 MLTIPLEX FAILURE CHANNELS FAILED RESET CIRCLIT
OPEN FAILED SHOAT FAILED SHORT FAILURES
L21218 206218 205918
SEE PAGE 16
429 138 439
INTED WIRING IN 48 FAILED IN 2 FAILED TIPLEX IC 27 I'IPLEX !C 213 ARO A3£3 OUTPUT A3$3 OUTPUT !xED ZERO mo A313 INPUT
OPEN OPEN OPEN FAILED SHORT FAILED 0I10CE 3 FAILED
FAXLEO OPEH N
PRWIRTB PINASTE i PIN2TB MX2778 MX213T8 08018 P3418

SEE PAGE 15

.@@@

52 FAILED FAXLED OPEN

fiour o100 N 38 ]

03278 P3978

OO

Dz sse|n Aielaudosd asnoybunisapn



¢9-a

OF SSPS
TO_GENERA
ACTUATION SIGNAL

NPUT DIOOE
CR 49 FAILED
OPEN

04878

NPUT PIN 37
FAILED OPEN
P3718

SSPS8
@

Fault tree @ c:\wopinstr\ft\axtw,gat
OQueued : 03/24/9% 10:42: 47
Page 15
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€9-a

AILURE OF SI
RESET CIRCUIT

Fault tree @ c:\woginstr\ft\axfw.dst
OQueved : 03/24/95 10: 42: 47
Page 16 (LAST)

180
X X ]
PUT_ZENER PUT GATE NYERTING GATE 1 NYERTING GATES
01w$ESAlLS FAILS SHORTED FAILS OPEN 1 ‘MTJES FAIL

120078

GATE3TE GATEAT8B

NYERTING GATE 1 NYERTING GATE 2
FAILS SHORTED FAILS SHORIED

GATELTB GATERTB

OO

Dz ssejn Aierandosd esnoybunsepn




0 TRIP SIGNAL
ON STEAN

GENERATOR
WATER LEVEL

Fault tree : c:\woginstr\ft\sesgl2,cat
Oueued : 03/24/93 1%:20: 24
Page 1

ARD AS13 ARD AS18 ARD A316X NO
UNDERYOLTAGE LON WATER
PIN 13 LEVEL TRIP
FAILED OPEN SIGNAL
] P11
4
CARD A316X Loss of 13V CARD A316X CARD A316X DC AJIBX CHANNEL .
MULTIPLEX 24 0 CARD DISCREIE FAILURE O0R_CONNECTOR
FAILED SHORT 05183 COMPORE FAILURE
FAILURE
6HZ4
SEE PAGE 2
10
) & 1 ) s 1 i
PAINT. WIRING CARD A316X CARD A31EX car0 A3tex caro_A3te CARD A3% CARD A318X A218X OUTPUT A316X_CHANNEL
ON_CARD A316X PIN 46 FAILED BIN 2 FAILED D100E Senn 0100€ GUTPUT DIOOE FESISTOR RS £IN 3 FAILED FAILURE
oPEN OPEN OPEN &3 PAtoEo &R5s PATCEo CR_22 FAILED FAILED OPEN OPEN
SHORT SHORT OPEN
WIR316 8p2 62025 52024 8022 sres
9
N
»
A316X CHANNEL
£l
m i & i } | ) & . i
< CARD_A316X camD 31X 1NPUT OI00E INPUT DICOE INPUT PIN 7 CARD A318Y INPUT DIOCE
[e3] INPUT O100€ INPUT PIN $0 CR 6 FAILED CR 10 FAILED FAILED OPEN LOOP 1 SIGNAL CR 11 FAILED
| 3 GA 12 FAILED FAILED OPEN OPEN OPEN FATLURE OPEN
~+ 8012 6010 606 6010 6p7 8P13
._l
-
o
o 30
wn
g (carD Aam CARD A316Y A316Y_LOGIC CARD A3% AJ16Y RELAY A316Y 3/4
ZENER OI00E 2ENER DIOOE 1C 212 FAILED MLTIPMLEX IC K122 NO WYPUY CIRG.II INPUT SIGNAL
') &hes PAtten CR 59 FAILED OFEN FAILED CONTACTS CHANNELS FAIL
o SHORT SHORT SHORTED
82062 62059 s212 R122
N \_
SEE PAGE 3
34 38
- -
cARD A3toY CARD A318Y caso a3tey CARD 318
GAIE 2 GAIE 27 OUTPUT DIOOE OUTPUT PIN 34
PATLES SHORT FAILED SHORT CR 60 FAILED FAILED OPEN
86213 862 sp34

D¢ sse|D Aseysudoid ssnoybunsapn



§9-d

CARD A348X DC
FAILURE

15
4 1
CARD A316X CARD A316X CARD A318X
GAIE 23 GAIE 22 GATE 21
FAILED SHOAT FAILED SHORT FAILED SHOART

6623

8622

6521

Fault tree @ c:\woginstr\ft\sesgl2,cat
Queved 1 03/24/9% 15:20:24
Page 2
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99-d

?3167 3/4

NPUT SIGNAL

Fault tree @ c:\woginstr\ft\sesgl2.0at

LS FAIL Oueued © 03/24/95 15:20:24
Page 3
A318Y FAILURE AJI8Y FAILURE A316Y FAILURE Azm FA!LUE
IN CHANNEL 3 IN CHANNEL 2 IN CHANNEL 3 IN L4
SEE PAGE 4
49 58
k 1 X | T 1
CARD A 316Y CARD 315 A348Y_INPUT CARD A316Y CARD A3iSY AJ18Y INPUT CARD A316Y A316Y 1NPUT
INPUT DIOOE NPUI’ PIN 37 CIRCUIT 3 1NPUT OI0DE INPUT PIN 39 CIRCULIT 2 INPUT PIN 33 CIRCULT 3
CA 48 FAILED FAILED CR 50 FAILED FAILED OPEN FAILED FAILED OPEN FAILED
OPEN OPEN
6P39 6P38
1 T I X
CARO Aamr CARD 3 18Y CARD Aam CARD A::sv CARD A318Y AdiBY CARD A318Y CARD A316Y C.
TEST DICOE RELAY K 230A BISTABLE TEST DIOOE RELAY K 331A BISHBLE LC TEST DICOE RELAY K 407A BISYABLE Lc
CR_§ FAILED com' CIS 00 3188 FAxLEo CR 2 FAILED CONTACTS DO 8188 FAILED CR 3 FAILED CONTACTS DO 8378 FAILED
(:LOSE }GM OPEN Rl;g} CLOSE Aczm N o. Acg(;u

SO0 0 0 8

DT sse|n Alelaudosd asnoybunsapa




£9-Ad

A316Y FAILLRE
IN CHANNEL 4

83
T 1
INPUT DIOOE INPUT PIN 40 A346Y INPUT
CR 54 FAILED FAILED OPEN CIRCUIT FAIL.
OPEN
6054 6P40
65
! X
TEST DIOOE RELAY K 313A CARD A318Y
CA_4 FAILED CONTACTIS 0O BISTABLE LC
OPEN NOT CLOSE 5208 FAILED

104 R313

Fault tree @ c:\woginstr\tt\sesgl2.dat |
Oueued @ 03/24/9% 15 20: 24 |
Page 4 (LAST)

22 sse|D Aseyaudosd asnoybunsapy




AILURE OF
SAFETY INJECTION

ANOOM FAILURES

ANDOM FAILURES
OF RELAYS

ViNAVHLA&E DUE
FATLURES 'IRAIN 8

RAIN B

UNAVAILABLE DUE
0_TEST, RANOOM
FAILURES TRAIN A

SEE PAGE 13

SEE PAGE 14

Fault tres @ c:\wopinstr\ft\sippls.cat
OQusued : 03/24/95 15:22: 35
Page 3

SLAVE RELAYS A2

SLAVE RELAYS A3
AND C2 FAIL

AND C3 F

AVE MLAYS :1)
AND D% F.

AVE RELAYS 82
AND 02 F

AVE RELAYS 83
AND D!

TO NAINTENANCE

o
> SEE PAGE 11
00
AVE RELAY A3 VE nsuv (] AVE RELAY A2 AVE RELAY €2 AVE RELAY A3 AVE RELAY C3 neuv B4 AVE aEuv 01
ENERGIZE Ensnsxze %gs'fgé ENERGIZE %gs'f% Rc'x“z’s ooe xze suenalze
CONPONENT COMPONENT CONPONENT COMPONENT COMPONENT COMPONENT
SEE PAGE 4 SEE PAGE B SEE PAGE 6 SEE PAGE 7 SEE PAGE B SEE PAGE 9 SEE PAGE 10
AS

m VE RELAY VE RELAY Af AVE RELAY A% 0SS OF 125v oc LAY u

< CONTACTS DO nor DOES NOT FAILS POWER FAI ow

g CLOSE ENERGIZE ELECTRICALLY

- SRASCS 125V0CA

3 /\

o 9

v

124

Y VE RELAY Ag RAIN B squ SLAVE RELAY A1

b v] UNAVAILASLE DUE nanr C1 N0 FAILS OPEN

~

-—

I’O HAINTENANCE
SAAIN

EST RE Y A

eouums FA!I. CON!ACI’S 00 NOT
VAILABLE M OPEN

SRALITCS

SAAS

14
NA
T ]

RAIN B8 SLAVE RAIN A NASTER S REL ASTER RELAY A ASTER RELAY A
RELAY C3 RELA WE TE CONTACTS D0 NOT FAILS OUE TO
I.NAVAILABLE DUE LNAVAILABLE CLOSE MECH S8INOING
TO MAINTENANCE 10 NA!NIEW

MRACS MAAND
SEE PAGE 2 SEE PAGE 3

AN

10

SEE PAGE 12

9z ssejy Aleyaudold asnoybunsasm




69-d

AAIN B MASTER
RELAY C NOT
UNAVAILABLE OUE
MATNTENANCE

RAIN A MASTER
RELAY A
UNAVAILABLE DUE

TO NAINTENANCE
MRAM
AN

Fault tree : ¢:\woginstr\ft\sippli,cat
Oueued & 03/24/95 15:22: 3%
Page 2
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0L-a

ASTER RELAY A
00ES NOT OPERATE

Fault tree & ¢:\woginste\ft\sippls.cat
Oueued @ 03/24/93 13:22: 35

Page 3
19
SET_RELAY ASTER n:uv A ASTEA RELAY A 2R PRESSURE
CORTACTS FAIL ucts TS FAILS FAILS SHORIED WITH P=13 (2/4)
HAARLS MRARSH MAAFS
-11 BLOCKING sr CONTACTS Cos1c cmcuxr -
CONTACT FAILS L OPEN
OPEN
TESTY
25 . 3/4 40
BLOCKING LoGIC OCKING num m ATLURE m AILURE IN AILURE IN
s CONTACTS FAILS CHANNEL CHARNEL 3 CHANNEL 4
BCONTS
SEE PAGE 15 SEE PAGE 16
28 a1 43 s
oc:c CIRCUIT OCKING SHITCH ﬁt :srme CHANNEL TACTS 00 NOT TACTS 0O NOT AY 1suae CHANNEL
CONTACTS FAIL MECH. mxcu.u 1 DOE 0SE CLOSE MECHANICALLY 2 DOES NOT
CLOSED REMOVE POWER BOUND REMOYE PONER
BSWCH Qa. SCHANY CONTY CONT2 RELAY2 BCHAN2
2/3 27 A
o4 -]
AILURE IN AILURE IN AILURE IN
CHANNEL, 1 CHANNEL 2 CHANNEL 3
28 31 34
fonracts FAIL ISTABLE CHANNEL ncrs FAIL ISTABLE CHANNEL TACTS FAIL SISTABLE CHANNEL
1 DE-ENERGIGI2E 2 DE-ENERGIZE CLOSED 3 DE-ENERGIZE
RELAY RELAY RELAY
CONTS ACHANY CONTS2 ACHAN2 CONTS3 ACHAN3

B

92 ssepn Areyaudosd asnoybunsspp




ooégsugeLAv [3} Fault tree @ c:\woginstr\ft\sippls,.cat
ENERGIZE H 4 -
COMPONENT Oueued ; 03/24/95 15:22: 35
Pags 4
L4
64
(4] |
) ¢ 1 ) ¢ b 8 ) 4 |
RAIN e SLAVE AVE RELAY Ci AVE RELAY C3 AVE RELAY Ci 0SS OF 125V OC AVE RELAY C3 |
RELA CONTACTS DO NOT DOES NOT AILS POXER FAILS DUE 10 |
uuvu BLE DUE CLOSE ENERGIZE ELECTRICALLY MECH BINDING |
TO NAINTENANCE
SRCICS 123vDCH
ﬁ T @ i
|
AVE RELAY C1 RAIN A SLAVE EST AS!ER RELAY C AVE RELAY C3 .
UNAVAILASLE DUE RELAY A1 NOT ount:ls FAn. CONTACIS DO NOT FAILS OPEN FA!LS snomsn
TO NAINTENANCE UNAVAILABLE DUE OPEN CLOSE
TO MAINTENANCE
SRCIM SRC3 SRCIFS ;
A AN
L1} 72

UNAVAILABLE DUE
TO HAINTENANCE

L£-a

D2 sse[D Aielaudoid asnoybuiisapn




gsnﬁuv A2 Fault tree @ c:\wopinstr\ft\sippli,cat
ENERGIZE Oueued : 03/24/95 15:22: 33
COMPONENT

Page 3

. T Y I Y y
AAIN A_SLAVE AVE RELAY A2 AVE RELAY A2 AVE RELAY A2 0SS OF §25V OC AVE RELAY A2
RELAY A2 CONTACTS DO NOT | [DOES NOT FAL PONER FAILS DUE T
UNAVAILABLE DUE | {CLoSE ENERGIZE ELECTRICALLY MECH BINOING
T0 MAINTENANCE
SRA2CS sAAZMB
[ %) 88 av A
91

AVE RELAY A2 RAIN 8 SI.AVE EST RELAY ASTER RSLAY St AVE RELAY A2 SLAVE RELAY A2

UNAVAILABLE DUE CONTACTS FAIL CONTACTS DO NOT FAILS FAILS SHORTED
TO MAINTENANCE OPEN CLOSE
SRAH SRAQTCS SRASFS

A w D\

N 87

RA{N B_SLAVE

RELAY C2
UNAVAILABLE OUE
TO MAINTENANCE

cl-a

Dz sse|n Aieyandold asnoybunsapn



VE RELAY C2 HH .
SLave pe Fault tree : c:\wopinstr\ft\sippli.gat

ENERGIZE : 4 : 22
E: OQueved : 03/24/93 5:22:35
Page 6
93
c2
RAIN B8 SLAVE VE RELAY C2 VE RELAY C2 AVE RELAY C2 0SS OF 123V OC AVE RELAY C2
RELAY C2 CONTACIS DO NOT DOES NOT AILS POXER FAILS DUE 10
UNAVATLABLE OUE CLOSE ENERGIZE ELECTRICALLY MECH BINOING
TO NAINTENANCE
SRC2CS SRC2HB
99 102 ve A
108
P,
VE RELAY C2 EST RELAY ASTER RELAY C AVE RELAY C2 AVE RELAY C2 "
UNAVAILABLE DUE CONTACTS FAIL CONTACTS DO NOT FAILS OPEN FAILS SHORTED
TO MAINTENANCE OPEN CLOSE
SAC2M SAC2TCS

SRC2 SRC2FS
A
108

RELAY A
UNAVAILASLE DUE
TO MAINTENANCE

€L-a

D2 sse|n Aielaudold asnoybuiisapn

om




AVE RELAY A3
S NOT

Fault tree : c:\woginstr\ft\sippli.dat
Queved : 03/24/93 15:22: 38

ENERG]ZE
COMPONENT
108
A3
!N A _SLAVE AVE RELAY A3 AVE RELAY A3 N AVE RELAY A3 0SS OF 123V OC AVE RELA
RELAY A3 CONTACTS DO NOT DOES NOT FAILS POXER ILS OUE
UNAVAJLABLE DUE CLOSE ENERGIZE ELECTRICALLY Gt BINOT
TO MAINTENANCE
SRA3CS
?
109 114 117 2v A
320
e ——— ey
VE RELAY A3 RAIN B_SLAVE EST RELAY ASTER RELAY A AVE RELAY A3 AVE RELAY A3
LNAVAII.A&E QUE RELAY C3 NOT CONTACTS FAIL CONTACTS OO NOT FAILS FAILS SHORTED
TO MAINTI UNAVAILABLE DUE OPEN CLOSE
TO MAINTENANCE
SAAIFS

AN

116

el

v4-4

2z sse|n Alelaudold asnoybunsapn



S/.-d

AVE RELAY C3
00ES NOT

Fault tree ; c:\woginstr\ft\sippls.cat

ENERGIZE : : 22
CORPONENT Oueved : 03/24/95 15:22: 23
Page 8
322
c3
AAIN B_SLAVE AVE RELAY C3 AVE RELA‘( c3 AVE RELAY C3 0SS OF 125V OC AVE RELAY C3
RELAY C3 CONTACTS DO NO FAILS POXER FAILS DUE TO
UNAVAILABLE DUE CLOSE RGIZE ELECTRICALLY MECH BINOING
TO MAINTENANCE
SRC3CS SRC3MB
123 128 178 v2
AVE RELAY C3 AAIN A SLAVE SIER RELAY C AVE RELAY o=} AVE RELAY :
UNAVAILABLE DUE RELAY A3 NOT IACIS FA!L CONTACTS DO NOT FAILS OPEN FAILS WIEO
TO MAINTENANCE UNAVAILABLE DUE OSE
TO NAINTENANCE
SAC3M SRCITCS SAC3 SRCIFS
129 130
N3 NC
RAIN A SLAVE RA!N B KAS'IE ASTEA RELAY C ASTER RELAY C ASTER RELAY c
RELAY DOES NOT OPERATE | JCONTIACTS OO NOT FAILS OUE 10
LNAVA!LABLE CLOSE MECH BINDING
TO MAINTENANCE 10 NA!NIENANCE
MACCS
M 131 133 173
126
RAIN A MASTER RAIN 8 NASTER SET RELAY SET SHITCH ASTER RELAY C ASTER RSLAV C
AY A NOT IAC!S FAIL CONTACTS FAIL FAILS OPEN FAILS SHORTED ll'lH P-11 l2/4)
m:x?&l&! OUE %A’V‘:{}‘:&E OUE OPEN
HACN MRACRSW MRC
RAIN A MASTER =11 BLOCKING EST CONTACTS 0G1C CIWIT
RELAY A CONTACT FAILS FAIL OPEN FAILS
wiibmses | [FH
TESTIB

-

OCKING
CONTACTS FAILS
OPEN

BCONTIB

AILURE
CHANNEL

AILURE IN AILURE IN AILURE IN
CHANNEL 2 CHANNEL 3 D&NEL i

J

SEE PAGE 10 SEE PAGE 19
187 161
0GIC CIRCUIT OCKING SWIT AY TSTABLE CHANNEL ONTACTS DO NOT TACTS DO NOT AY ISTABLE CHANNEL
ucts FAIL MECHANICALLY 3 DOES NOT CLOSE CLOSE MECHAN 2 S NOT
FAILS : KWVE PoveR TICALLY (!IYE NOTen
85\(C£B RELAY 18 CONT18 CONT28 RELAY2D

SEE PAGE 17

193
159

04 A

Q os
164

22 ssejn Aselsudosd asnoybunisepn




9,-a

Te

VE RELAY Bl
OOES NOT

ENERGIZE
COMPORENT
184
B R}

RAIN A SLAVE VE RELAY B2 AVE RELAY B3 AVE RELAY Bl 0SS OF 125V DOC AVE RELAY B3
RELAY 81 CONTACTIS DO NOY DOES NOT FAILS POXER FAILS DUE TO
UNAVAILASLE DUE CLOSE ENERGIZE ELECTRICALLY MECH BINDING
TO NAINTENANCE

SRBICS SRB1MB
182 187 Y A
493
VE RELAY B3 RAIN B SUAVE EST RELAY ASTER RELAY A AVE RELAY Bl AVE RELAY B3
UNAVAILABLE DUE AY 03 NO CONTACTS FAIL CONTACTS DO NOT FAILS FAILS SHORIED
TO NAINTENANCE UNAVAILABLE OUE OPEN CLOSE
TO MAINTENANCE
SREIM SRBITICS SRBY SROIFS
A w) w1\

81

189

Fault tree @ c:\wopinstr\ft\sippli.cat
Oveued : 03/24/9% 15:22: 33
Page 9
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LL-A

SLAVE RELAY 0%
DOES NOT
ENERGIZE
COMPONENT

X T T I I 1
AAIN 8 SLAVE VE RELAY D3 AVE RELAY DI AVE RELAY D3 0SS OF 123V OC AVE RELAY O3
RELAY D1 CONTACIS DO NOT DOES NOT FAILS PONER FAILS DUE T0
UNAVAILABLE DUE CLOSE ENERGIZE ELECTRICALLY MECH BINDING
TO NAINTENANCE
SROCS
2018
AVE RELAY O3 AAIN A SLAVE EST ER RELAY C
UNAVAILABLE OUE RELAY 81 NOT cmucrs FA!L TACIS 00 NOT
TO MAINTENARCE UNAVAILABLE DUE OPEN
TO NAINTENANCE
SRDIM SRDITCS
/\ e
01 203

Favult tree : c:\woginstr\ft\sippli.dat
Oueued : 03/24/95 15:22: 33
Page 10
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8.-d

'y
[y
-

SLAVE RELAYS B2
ANO D2 FAIL

AVE RELAY B2 AVE RELAY D2
S NOT DOES NOT

ENERGI2E ENERGIZE
COMPONENT COMPONENT
SEE PAGE 20
210
R2

AAIN A SLAVE
RELAY 82

UNAVAILABLE DUE
TO HAINTENANCE

Y B2
T

A‘IYE RELAY B2
ELECTRICALLY

e ——

)

VE RELAY 82 AAIN B SLAVE EST RELAY STER RELAY A AVE RELAY 82
UNAVAILABLE DUE RELAY 02 NOT CONTACTS FAIL CONTACTS DO NOT FAILS OPEN FAILS SHORTED
TO MAINTENANCE UNAVAILABLE DUE OPEN CLOSE
TO MAINTENANCE
SRB2TCS SRB2 SRB2FS

- 0

RAIN B SLAVE
AY 02

UNAVAILABLE DUE

TO MAINTENANCE

Fault tree @ c:\woginste\ft\sippli.dat
Oueued : 03/24/93 15:22:33
Page 11
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> AVS;%IK;IS 83 Fault tree @ c:\woginstr\ft\sippl}i.cat
OQueved : 03/24/93 15:22: 33

Page 12
VE RELAY B3 AVE RELAY D3
DOES NOT DOES NOY
ENERGIZE ENERGIZE
COMPONENT COMPONENT
SEE PAGE 21
239
R3
X X I T ]
RA!N A_SUAVE AVE RELAY 83 AVE RELAY 83 SLAVE RELAY B3 0SS OF 123V OC AVE RELAY B3 .
RELAY B3 CONTACTS DO NOT DOES NOT FA PONER AILS DUE 10
UNAVAILABLE DUE CLOSE ENERGIZE ELECTRICALLY MECH BINDING
TO RAINTENANCE
SRB3CS SRBIMB

" 5

VE RELAY 83 RA!N 8 &.AVE EST RE ASTER RELAY A AVE MLAY 83 AVE RELAY B3
UNAVAILABLE OUE RELAY D3 NO CMI'ACIS FAIL CONTACIS DO NOT FAILS FAILS SHOATED
10 NAIN‘I’ENANCE LNAVA!LABtE OV.E OPEN CLOSE
- T0 NAINTENANCE
. SRB3M SRE3TCS SRB3FS

6.-d

83

L34
S
~

T O O

AAIN 8 SLAVE
LAY D3

RE|
UNAVAILABLE DUE
TO MAINTENANCE

243

22 sse|n Alejaudoud asnoybulisopn




08-a

AAIN A
UNAVAILABLE OUE
TO TEST, RANDOM
FAILURES TRAIN B

Fault tree : c:\wopinstr\ft\sippli.dat
Oueued : 03/24/95 15:22: 33
Page 13

AAIN A IN TEST,
SLAVE _RELAY C3
FAILURE

» |

RAIN A IN YEST. RA!N A IN TEST,
VE RELAY 02

AAIN A IN 'IEST.
LURE

RAX A IN ‘I’ES‘I'
SLAVE RSLAY
FAILURE

AAIN A VE RELAY Ci
UNAVAILABLE DUE FAILURE
T0 TEST

RAIN A IN TEST AAIN A IN TEST RAIN A IN TEST

269 ct A

TA 273

RAIN A AAIN 8 NOT
UNAVAILABLE DUE UNAVAILABLE DUE
T0 TEST T0 TEST

TAT

SEE PAGE 23

a

2z sse|n Aleiaudold esnoybunsapn




18-a

RAIN B
UNAVAILABLE DUE
T0 TEST. RANOOM
FAILURES TRAIN A

Fault tree : c:\woginstr\ft\sippli.gat
Gueued ; 03/24/93 15:22:33
Page 14

AAIN 8 IN TEST, RAIN B IN TEST, AAIN 8 IN TEST, AAIN B8 _IN TEST,
SLAVE RELAY A2 SLAVE RELAY B3 SLAVE RELAY B2 SLAVE RELAY B3
FAILURE FATLURE FAILURE

SEE PAGE 24 SEE PAGE 25
AAIN B IN TESY AVE RELAY A3 AAIN B IN TEST AVE RELAY A2 RAIN B IN TEST AVE RELAY A3 RAAIN B IN TEST AVE RELAY B3 s
FAILURE FAILURE FAILURE FAILURE
A A v A o A N o A « A . A
18 285 297 238 300 301 303 304

RAIN 8
UNAVAILABLE DUE
10 TEST

87

RAIN A NOT
UNAVAILABLE DUE
T0 TEST

22 sse|n Aiejendold ssnoybunsapn




AILURE IN
CHANNEL, 3

Fault tree : c:\woginstr\tt\sippli.dat

Oueved : 03/24/9% 15:22: 33
Page 15

49 *
AY ISTABLE CHANNEL ONTACTS DO NOT
MECHANICALLY 3 DOES CLOSE
BOUND REMOYE POWER
RELAYI 8CHAN3 CONTD
Gs

28-da

Dz sseD) Arejendosd asnoybunsapn




£8-Q

AILURE IN
ANNEL 4
83
TACTS 00 NOT AY ISTABLE CHANNEL
CLOSE MECHANICALLY 4 DOES NOT
B8OUND REMOYE POWER
CONT4 RELAY4 BCHANK

/

Q7

Fault tree : ¢ \woginstr\ft\sippli.dat |
Oueued = 03/24/95 15:22: 35
Page 16
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AILURE IN AILURE IN
CHANNEL, 2 CHANNEL 3
@ @ o
N
TACTS FAIL ISTABLE CHANNEL TACTS FAIL 1St € CHANNEL ONTACTS FAIL ISTABLE CHANNEL
CLOSED 1 DE-ENERGIGIZE CLOSED 2 DE-ENERGIZE CLOSED 3 DE~ENERGIZE
RELAY RELAY RELAY
CONTSIB CONTS28 CONTS38
A w 1\ VAN
148 149 152

¥8-da

Fault tree : c:\woginstr\ft\sippli.cat
OQueued @ 03/24/93 15:22:35
Pape 7
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g8-d

AILURE IN
CHARNEL 3

AY ISTABLE CHANNEL TACTS 00 NOT
MECHANICALLY 3 DOES NOT OSE
B8OUND REMOYE POWER
RELAY28 CONT38
06 A
167

Fault tree ; c:\wopinstr\ft\sipply.dst
Oueued : 03/24/9% 15:22: 3%
Page 18
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98-d

‘3

ATLURE IN
CHANNEL 4

Fault tree : c:\woginste\ft\sippli.cat
Oueued ; 03/24/9% 15:22: 3%
Page 19

69

ONTACTS DO NOT LAY ISTABLE CHANNEL
CLOSE MECHANICALLY 4 DOES NOT
BOUND REMOVE PORER
CONT48 RELAY48 -
171 07
172

92 sse|D Aleysudold asnoybuilsapn




L8-d

SLAVE RELAY 02
DOES NOT
ENERGIZE
COMPONENT

RAIN B8_SLAVE
RELAY D2
UNAVAILABLE DUE

T
AVE RELAY D2
CONTACTS DO NOT

CLOSE

AVE RELAY D2
DOES NOT

AVE RELAY 02

0SS OF 123v OC
POXER

AVE RELAY 02
FAILS DUE TO
MECH BINDING

SRO2MB

FAILS
ENERGIZE ELECTRICALLY
TO MAINTENANCE
SRD2CS
230 233 v A
226
ey e
AYE RELAY D2 AAIN A _SLAVE EST RELAY STER RELAY C AVE RELAY D2 AVE RELAY D2
UNAVAILABLE DUE RELAY 82 NOT ILS OPEN FAILS SHORTED

TO HAINTENANCE
SRO2M

WAVAILABLE DUE
TO NAINTENANCE

CONTACTS FAIL CONTACTS DO NOT
OPEN CLOSE

SRO2TCS

e

SRO2FS

A

b2

RAIN A SUAVE

RELAY 82
UNAVAILABLE DUE
TO MAINTENANCE

&

2
232

Fault tree & c: \woginstr\ft\sipply.dat
Oueyed & 03/24/9% 158:22:38
Page 20
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88-d

AVE RELAY 03
DOES NOT
ENERGIZE
COMPONENT

253
s3

X Y X 2
RAIN B _SUAVE AVE RELAY D3 AVE RELAY D3 0SS OF 123v OC AVE RELAY 03
RELAY D3 CONTACTS DO NOT FAILS POXER FAILS OUE TO
UNAVAILABLE DUE CLOSE ELECTRICALLY MECH BINDING
T0 MAINTENANCE
SRO3CS SRO3MB
262 v2 A
263
————————
VE RELAY 03 RAIN A SLAVE EST RELAY ASTER RELAY C SLAVE RELAY 03 AVE RELAY D3
UNAVAILABLE DUE RELAY 83 NOT CONTACTS FAIL CONTACTIS DO NOT FAILS OPEN FAILS SHORTED
TO NMAINTENANCE UNAVAILABLE DUE OPEN CLOSE
TO MAINTENANCE
SRO3M SAD3TCS SRO3 SRO3FS
A
03 263

Fault tree @ c:\wopinstr\ft\sippli,.cat
Oueued : 03/24/9% 15:22:33
Page 21
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Fault teee : c:\wopinstr\ft\sippli.cat
Oueued © 03/24/9% 13:22: 35
Page 22

RAIN A IN TEST AVE RELAY D2
FAILURE
« A = A
284 288

68-d

D¢ sse|) Arelsudouad asnoybunsapn



06-a

Fault tree @ ¢:\wopinstr\fti\sippli,.cat
Oueued @ 03/24/95 15:22:38
Page 23

RAIN A IN TEST

AVE RELAY D3
FAILURE

2z sse|n Aielsudousd asnoybunsapn




Fault tree : c:\woginstr\ft\sippli,.cat
Queued : 03/24/9% 15:22:35
Page 24 '

RAIN B IN TEST AVE RELAY 82
FAILURE

18 A R2 A

306 307

L6-d
Dz sse|D Alelaudosd asnoybuilsspn




¢6-d

RAIN B IN TEST AVE RELAY 83
FAILURE

e DN s A

309 310

Fault tree @ c:\woginstr\ft\sippli.gat
Oueued : 03/24/93 15:22: 3%
Page 25 (LAST)
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€6-d

VM4 9811 jueng

Fault tree @ ci\woginste\ft\fwa,dat
N ) Oueved : 03/24/9% 15: 28 12

Page 1
I

(EosionN CAUSE ANOOM FAILURES,
FAILURE . _ANO

MAINTENANCE

RAIN B .
CNAVATCABLE UNAVATLABLE
4 31
1 ) § 1 ) §

fnteaneorate EST CONTACTS 0GIC CIRCUIT NTERMEOTATE €ST CONTACTS 0G1C CIRCUIT

FAIL OPEN FAILURE RELAY FAILS FAIL OPEN FAILURE

TESTCSS TESTCS1B

SEE PAGE 4 SEE PAGE 8
3/4 14
AY_FAILS TO AY_CONTACTS NTERMEDIATE NTERMEDIATE ANNEL 4 ANNEL 2 ANNEL 3 ANEL 4
OPERATE 00 NOT CLOSE RELAY RELAY FAILURE FAILURE FAILURE FAILURE
UNAVAILABLE DUE | [UNAVAILASLE DUE
T0 TEST T0 MAINTENANCE
IRELCSY TRAT IAAN
SEE PAGE 2 SEE PAGE 3
15 19
AY AY TACTS ISTABLE AY TACTS ISTABLE
LNICN.I.Y ELECTRICALLY ELECTRICALLY ANICALLY DO NOT CLOSE CHANNEL MECHANICALLY DO NOT CLOSE CHANNEL 2
OPENED SHOATED DOES NOT B0UND DOES NOT
REMOVE PONER REMOVE POXER
REL 1EL RELIES RELCIMB 8C1 RELC2MD RELCSC2 8c2

@.@Q@@ A

22 sse|D Aieyaudoid asnoybunsapn



v6-a

ARNEL 3
FAILURE

Yy
w

LAY TACTS ISTABLE
MECHANICALLY 00 NOT CLOSE CHANNEL 3
BOUND DOES NOT

REMOVE POXER
RELC3ND RELCSCI 8C3

& O

4

Fault tree o cl\wopinstr\ft\fws, ast
Gueved @ 03/24/9% 1% 28: 12

Page 2

D2 sse|n Atelaudoud asnoybuiisapn




§6-a

ANNEL 4
FAILURE
27
X |
AY ONTACTS ISTABLE
MECHANICALLY 00 NOT CLOSE CHANNEL 4
BOUND DOES NOT
REMOYE POKER
RELC4NES RELCSC4 B8C4

Fault tree : c:\wopinstr\ft\fwa.dat
Oueved @ 03/24/9% 1%: 28: 12
Page 3
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96-a

NTERMEDIATE Fault tree : c:\woginstr\ft\fwa,cat
RELAY FAILS

OQueued © 03/24/95 15:26: 12

Page 4

32
T X 1
AY _FAILS 70 AY CONTACTS NTERMEOIATE NTERMEDIATE
OPERATE D0 NOT CLOSE AY
UNAVAILABLE DUE UNAVAILABLE OUE
10 TEST 10 NAINTENANCE
IRELCSIB IRBT IRBN
33
T 1
AY AY AY .
MECHANICALLY ELECTRICALLY ELECTRICALLY
BOUND OPENED SHORTED
REL $MB8 REL SELE RELIESS

2z ssejn Aieisndoid asnoybuiisapa




Fault tree : c:\woginste\ft\fws, dat
Oueued : 03/24/9% $5:28: 12

Page 3

ANNEL 1 Cl 3 ANNEL 4

FAILURE FAILURE FATLURE
©  SEE PAGE &
42 80
T 1 ! Y 1 T 1

AY TACTS ISTABLE AY TACTS ISTABLE LAY ONTACTS ISTASLE -

MECHANICALLY 00 NOT CLOSE CHANNEL 1 MECHANICALLY 00 NOT CLOSE CHARNEL 2 MECHANICALLY 00 NOT CLOSE CHANNEL 3
. BOUND S NOT OUND O0ES NOT BOUND DOES NOT
REMOYE POXER REMOYE POWER REMOYVE PO¥ER

RELCINBB RELCSC18 RELC21E3 RELCSC28 RELC3NDD RELCSC3D

T DO O -8

L6-a

2z sse|n Aseysudold asnoybuilsspn



86-d

ANNEL 4 Fault tree : c:\woginstr\ft\fwa.dat
FAILURE
Oueued : 03/24/93 15:28: 12
Page 6 (LAST)
34
AY TACTS ISTABLE
MECHANICALLY 00 NOT CLOSE CHANNEL 4
BOUND DOES NOT
REMOVE POWER
RELC4MES RELCSC48
w L\
57

-

02 sse|n Areyeudoud asnoybunsapa




66-a

PZS.LY 9911 JusA3

A3
2
a%v
34
-
)

ACT 1P

RAIN FAILURES AKER
COMMON _CAUSE
FAJLURES
8cC

TRIP 1O THE TRIP 10 THE
8 TAIP CHANNEL A TRIP CHANNEL

SEE PAGE 3

TRIP BREAKERS

NOT_OPEN
CIRCUIT ON
SIGNAL

AAIN A NOT
UNAVAILASLE DUE
70 TEST OR
MAINTENANCE

SIGNAL T0 THE /8Y8 FAILS
A TRIP BREAKERS | |CLOSED

CAUSE

o
ALL CONTACTS CHANICAL
SHORTED 328YB MALFUNCTION

S52/8v8
328CS 52

| &
()

OPERCC OPER2

.
RATOAR B ALL. CONTACIS IANIC. RAIN B RAIN B RAIN A
ERROR SHORTED 32/RT8 MALFUNCTION UNAVAILABLE DUE UNAVAILABLE DUE UNAVAILABLE DUE
ATB 10 IESY TO MAINTENANCE :‘21’1‘521 OR
CONTS
" R AN
22
N
RATOR CONMON RATOR ERROA

Fault tree : c:\woginstr\ft\rts24.dat
Oueued : 03/24/93 15:31:58
Page 3

.
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oolL-a

R_VOLTAGE NPUT REI.AY B8
CIRCUIT DID NOT GROUND RE
REMOVE UY COIL OPEN (SEE IR-1)
YOLTAGE n2

N
~

Fault tree @ c:\woginstr\ft\rts24.dat
Ousued : 03/24/95 15:31:58
Page 2

NOUT FAILURE
(ROGIC CABINET)

0 TIp S1oNAL (0GIC CABINET
COMMON CAUSE
messv.mzm

RANSISTOR 03

OR 04
FAILED C-E SHORT

ENER DIODE CR
12 FAILED SHORT

13 VOLY CIRCUIT 13 VOLT BUS
COMPONENT FAILEO | |ORIFTED LOW
(-3

J Lcce 103 0124
\.
28
(X4
L]
ARQ A416 DI00E ARD A416 ARD A416X NO R DI00E CRS AANSISTOA Q1 SISTOR R4
CR 30 _FAILED UNDERVOTLAGE HIGH PRESSURE FAILED SHORT AILED C°E snoa FAILED SHORT FAILED SHOAT
TO OPEN PIN {8 FAILED SIGNAL
OPEN
8020 BP16A 208 708 R4 08

o cud Aetex” | [RcTiblEXsc 24
FAILED SHORT
BMZ4

[m Adasx Locxj

A417X CHANNEL
OR_CONNECTOR
FAILURE

ARQ AHGX GATE ARO A“BX GATE ARO AMGX GATE X QUTPY A418X 3/4 ARD A446X ARD A4 r
T3 FAILED OPEN 22 FAILED SHORT 23 FAILED SHORT PIN 3 FAILEO CHANNEL FAILURES | |ZENER D;&I lEl?R Dg&xﬁ Zégﬂ‘l‘}g&
CR 23 FAILED CA 21 FAILED CR 22 FAILED B
suoa SHOR SHORT
8822 8621 82021 8022
MSX FA!L!RE usx FAILURE AHSX FA!L\RE A“BX FAXLIRE
LI } CHANNEL, 2 IN CHANNEL 3 L4
SEE PAGE 4 SEE PAGE 3 SEE PAGE 6 SEE PAGE 7

Dz sse|n Aielaudoud asnoybuiisapn




LoL-a

IR1P 10 THE
A TRIP CHANNEL

A TRIP BREAXERS
00 NOT

CIRCUIT ON
SIGNAL

I 1
RAIN A SIGNAL TO THE
UNAVAILABLE OUE A TRIP BREAKERS
T0_TEST O
MAINTENANCE
SEE PAGE 8
104

Fault tree : c:\woginste\ft\rts24.dat
OCueued : 03/24/95 15:31:58
Page 3

RAIN B NOT
UNAVAILABLE ODUE
10_TEST OR
MAINTENANCE

;| —l
/8YA DOES NOT RATOR A ALL CONTACTS CHANICAL IN A RAIN A RAIN B
OPEN ERACR SHOATED S2/RTA MALFUNCTION UNAVAILABLE DUE UNAVAILADBLE DUE UNAVAILABLE DUE
S2/RTA T0 TEST TO MAINTENANCE TO TEST OR
HAINTENANCE
S2AC S2AM TAT TAM
93 98 18 A
109
SIGNAL 10 THE 2/8YA FAILS RATOR COMMOM RATOR ERROR
B TRIP BREAKERS CLOSED CAUSE
OPERL
AN w) e
94 99
. V]
ALL. CONTACIS CHANICAL
SHORTED 32/8YA MALFUNCTION
?Z/BYA
S2ACS 2B

.

2z sse|) Asereudolsd asnoybuizsapn




¢olL-a

A436X FAILURE
IN CHANNEL

39
I 1
ARQ A416X ARO A416X PIN A446X  FAILURE
0IOCE CR 3 S FAILED OPEN IN CHANNEL 18
FAILED OPEN
801 ]
[« Y 1
ARD A416X TEST ARD A416X ARD A416X
DIOOE €A 1 RELAY K 130A BISTABLE PC
FAILED OPEN &U‘géCYS DO NOT 453A FAILED HIGH
8708 BI4SS

R330
. @ Cs

Fault tree @ c:\woginstr\ft\rts24.dat
Queyed : 03/24/9% 15:31:%8
Page 4
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€oL-a

A4316X FAILURE

IN CHANNEL 2
. X 1
ARD_A418X ARD A416X INPUTY (A446X INPUT
INPUT _OIO0E PIN 6 FAILED CIRCULIY 2
CR 3 FAILED OPEN| |OPEN FAILURE
803 P8
{ X 1
ARD_A416X TEST ARD A418X
RELAY K 242A BISTABLE PC
FAILED OPEN &Gol;éCIS 00 NOT 436A FAILED HIGH
8102 R212 81456

Fault tree : c:\woginstr\ft\rts24.dat
OQueved : 03/24/95 1%:31: 58
Page S
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vol-a

A416X FAILURE
IN CHANNEL 3

[y
{4

T 1

ARD A416X A416X INPUT
INPUT PIN 19 CIRCUIT 3
FAILED OPEN
eP19
38
L I
ARD A416X TEST ARD A416X ARD A418X
OIODE CR 3 RELAY K 316A BISTABLE PC
FAILED OPEN %&CI’S 00 NOT 457A FAILED HIGH
8703 R316 81457

/\

c3

Fault tree @ c:\woginstr\ft\rts24,.dat
Oueued = 03/24/93 15 31:%58

Page &
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solL-a

A416X FAILURE
IN CHANNEL 4
60

6 T Y )
ARO A415X ARD _Ad16X ARD_A416X ARD_A416X ARD A416X A416X INPUT
0 CH § INPUT O100€ INPUT PIN 30 INPUT PIN (6 INPUT PIN 13 CIRCULT 4
FAILED OPEN CR 6 FAILED OPEN| [FAILED OPEN FAILED OPEN FAILED OPEN FAILURE
8012 806 8P10 &r16 8P13

63

T

ARO A416A TEST
100€ CR 4

0
FAILED OPEN

8704

ARD A418X
RELAY K 415A

CONTACTS DO NOT
CLOSE

R415

ARO A416X

Fault tree : c:\wopinstr\ft\rts24.dat
Oueued : 03/24/93 15:31:%8
Page 7
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Fault tree : ¢: \wopinstr\ft\rts24.dat
Oueued @ 03/24/93 15:31:%9
Page 8

(NOER ¥OLTAGE NPUT RELAY A
CIRCULT GIO NOT | [cRoun RETURN
REMOYE UV COIL V| [OPEN (SEE 1m-1)
A1
\_
114
NPUT FAILURE ARD AS1%
CIRCUIT
EA!L\RE E
« @
0
(=2
171 3
Q
b ¢ X : 3.
TRIP SIGNAL 001C CABINET 13 vOLT CIRCUIT ) I3 VOLT BUS RANSISTOR 03 RANSISION G4 AANSISTON 03 A DIOOE CA 8
- COMMON COMPONENT FAILED | [ORIFTED Lo FAILED C-E SHOAT | [FATLED C-€ SwoRT | [FAILED C-E SioRT | {12 FAILED SHORT 5
Erepsd] (]
o PRE 15vA 103A T04A 103A 2012 0
LN ; o
Q
8 Lc 184 °
: =
1 X Y Y —_— 8’
f1r 2416 D100€ ARD A4 450 AL18X HO NER D100E CRS RANSISTOR 02 AANSISTOR 01 SISTOR Ay 100E_CRS
CR 30 FAILED LNDERYO HIGH PRESSURE FAILED SHOAT FAILEO C-€ SHOAT | IFAILED C-E swont | [FATLED swoAT FAILED OPEN <
T0 OPEN BIR. 18 FAILED SIGNAL
N OPEN ()
88020 88P16A 7084 1024 T01A RAA D8A =
7]
w
116 N
I I (@)
053 OF 15 V OC ARQ A4162 4R0_ Auex Los1cY) (Ad17x oumsn. ARD Ad18X
TO CARD A416X WA TIPLEX IC 24 0A_CONECT DISCREET
FAILED SHOAT FAILURE COMPONENT
FAILURE
88150C 88MZ4
@ . 119 123 157
ARO uzax GATE Ausx RO A418X GATE )} (A418X OUTPUT A416X_3/4 ARD A416X ARD_ A416X Ad16X ARD A416X
73 FAILED OPEN 72 FAILED SHOR 11 eatieo soat | [PIN°3 PRILeD CHANNEL FAILWRES | |ZEnER D100E SERER DI00E TEneR Diooe RESISTON RS
OPEN CA 2% FAILED CR 21 FAILED CR 22 FAILED FAILED OPEN
SHORT SHORT SHORT
86623 86622 86621 ) 70025 70024

®
@

3/4 @
llSX FAILLRE MSX FAILURE MBX FAIU}E A418X FAILURE
L CHANNEL 2 N CHANNEL IN CHANNEL 4

SEE PAGE 9 SEE PAGE 10 SEE PAGE 114 SEE PAGE 12

-
-




LOL-a

A416X FAILURE
IN CHANNEL 3
126
X 1
ARD A4318X ARD A416X PIN A416X  FAILURE
OIOOE CR 3 S FAILEO OPEM IN CHANNEL 1
FAILED OPEN
6001 8PPS
129
e T
ARD _A416X TEST ARD A418X ARD A436X
0100E 1 RELAY K $30A
FAILED OPEN CONTACTS DO NOT
CLOSE
87701 RC130

BISTABLE PC
435A FAILED HIGH

OO

o D\

132

Fault tree @ c:\woginstrift\rts24.cat
Oueved © 03/24/95 15:31:58
Page 9

22 sse|n Aieyaudold asnoybunsspn




A416X FAILURE Fault tree @ c:\wopinste\ft\rts24.dat
IN CHANNEL 2
- Cueued : 03/24/95 15:31:%8

Page 10
133
T 1
ARD A446X ARD A418X INPUTY (A416X INPUT
INPUT_DI00E PIN 6 FAILED CIRCULT 2
CR 3 FAILED OPEN| |OPEN 3
8003 ePpPy
338
[ T
ARD A416X TEST ARD A416X ARD A4318X .
OI00E CA 2 RELAY K 212A B81STABLE PC
FAILED OPEN %&crs 00 NOT 436A FAILEO HIGH

871002 RC212

A\

139

DZ sse|n Alelsudold asnoybuiisapn




60L-a

Y ),

ARG A418X

ARD A416X A416X INPUT
DIOOE CR 31 INPUT PIN 19 CIRCUIT 3
FAILED OPEN FAILED OPEN FAILURE
800114 PP19
L ) o ) &

ARD A416X TEST ARD A418X ARD A416X
OIOOE CA 3 RELAY K 316A BISTABLE PC
FAILED OPEN Efg;ects 00 NOT 437A FAILED RIGH
T003 RC316

c3 A

346

Fault tree I c:\woginstr\ft\rts24.dat
Oueued @ 03/24/9% 1% 31:%8
Page 118

Dz sse|n Aseysudold esnoybunsapn




oiL-a

1 1 1 ] | 1 b §
ARD A416X ARD_A416X ARO_Ad16X ARD_ A416X ARD_A416X 416X INPUT
DIOOE CR 32 INPUT DI00E INPUT PIN 10 INPUT PIN 16 INPUT PIN 13 CIRCUIT 4
FAILED OPEN CR & FAILED OPEN{ [FAILED OPEN FAILED OPEN FAILED OPEN FAIL
0012 D08 PP10 PP16 PP13
T T
(€AR0 A418A TEST A416X ARD A416X
0 RELAY K _415A BISTABLE PC
FAILED OPEN TACTS 00 NOT | [438A FAILED
1004 RC415

C4 A

156

Fault tree @ c:\woginstr\ft\rts24.dat
Gueued = 03/24/93 13:31:58

Page 12 (LAST)
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Fault tree : rtsdalv
Oueued : 03/24/9% 10: 41: 40
_ Page 1
S —
TRIP_IN THE AKER COMMON
A OR B TRIP CAUSE
CHANNELS
| scc
TRIP IN THE TRIP IN THE *
CHANNEL. A CHANNEL E
(0]
a
SEE PAGE B o,
, S
o
=
- g
TRIP BREAKERS AAIN
“553'5 oo DO NOT DPEN ON umvuume w0
CIRCUIT SIGNAL DUE TO TE! o
KAINTENANCE
|w] Y
! o
= SEE PAGE 7 3
- 317 -
o
~
I T ) : o
ARD B315 4% €200 8315 NPUT_RELAY B 2/AT <
VOLT SUPPLY AND | [CIRCULY GROUND RE TURN Fafis cLoseD EAH I 52/A18
PROTECTION COMPORENT OPEN (SEE 1R-1) e}
AILEOD FAILURE —
. L A2 4]
73
SEE PAGE 5 SEE PAGE 6 »
118 N
O
m .
< 18 VOLT CIRCULT VOLT BUS AER ALL CONTACTS
o ConbonEnT Fatito| [oATFSED o MECH. SHORTED
S ovst'zm'wsmwne MaLEONETIoN
" CONTS
=
o . SEE PAGE 4
o 48 .
po ¢
bt I X
wn TRIP SIGNAL 0GIC CABINET ISTABLE COMMON In1p SIGNAL (0GIC CABINET
U P‘iHIGHXZER COMMON CAUSE CAUSE FAILURES (N TL‘E COMMON CAUSE CAUSE FAILIRES
g SSURE OeLTact TRAIN A
< RE Leee Bi1ce L 81CCO
] REA
101 co .
N FARBE7E | (cRoervotiace H1od émsé,&? CA 24 FATLED ¢ ) [NoeahorTace e 5‘2’:‘:5{““‘
cg ek £ PIN 16 FAILEO SIGNAL | loeen PIN 25 FAILEO
SP16A 5024 5P2%
. @ SEE PACE 2 SEE PAGE 3



cLL-a

ARD A418X NO ~ Fault tree @ rtsdiv
SSURE

RIGH PRE
SIGNAL Oueued = 03/24/95 10: 43: 40
PO’C 2
10
, Y
0SS OF 15 V OC ARD A416Z 350 Ausx LOGIC) fA417X CHANNEL ARD A416X
10 CARD A416X WAL TIPLEX 1C 24 1C FAILURE 0R_CORNECT DISCREET
FAILED SHORT FATLURE COMPONE
FATLURE
8150C enz4
13 17 a3
I T ; I .
ARD A416X GATE ARO A416X GATE ARD A416X GATE ) (A416X OUTPUT 416X 2/3 £Ar0 A436X ARD_A416X ARC_A416X ARD A418X -
I3 FAILED OPEN Z2 FAILED SHORT | |21 FAILED SHORT | [PIN 3 FAILED CHANNEL FAILURES | |ZENER DIOOE ZENER DI0OE ZENER DI0OE RESISTOR RS
OPEN CR 25 FAILED CA 21 FAILED CR 22 FAILED FAILED OPEN
SHORT SHORT SHORT - S
8523 8622 8523 L) 2025 82021 8022 8RS S
/2]
[=d
2/3 19 3
[(o]
3
416X FAILURE A416X FAILURE 416X FAILURE c
IN CHANNEL 1 IN CHANNEL 2 IN CHANNEL 3 o
o
-
=
’ S
20 27 24 =
"]
-+
T 3 T — Y 1 1Y
ARD A416X ARD A416X PIN A416X FAILURE ARO_A416X 160 aatex InUT) (Aatex eyt 40 AL1EX, ARO_A4 16X A416X_INPUT =
D100E CA 1 S FAILED OPEN IN CHAMNEL 1 IRPUT_D100E PIN 6 FAILED CIRCULY GI00E CA INPUT PIN 19 CIRCUIT 3 ~<
FAILED OPEN CR 3 FAILED oren| loPeEn FATCRE 2 PATLED OPEN FATLED OPEN FATLURE o
801 eps 803 ) 8011 P19 5
7
173
23 ) 37 N
O
ARD A418X TEST 1RO A436X ARD A436X ARD_A418X TEST ARD_A416X 160 atex ARD_A416X T ARO Ad n
GI00E CA 3 RELAY K 130A BISTABLE PC DIOOE CA 2 RELAY K 2124 B81S B100e A3 oo | [y R 5% BI1STABLE Be
FAILED OPEN % ogecrs 00 NOT | [433A FAILED HIGH | [FAILED OPEN CONTACTS 00 NoT LIPS nion | [PAECEC Redn CONTACTS"DG NOT | |437A FAILES HIcH
8101 R130 81455 8102 R212 81436 R316 B1457

ONORNOL O RO O G




€Li-a

-
-

SIGNAL FROM
CARD AJ33X

A\

Fault tree :

i

rtsdty

Ousued : 03/24/95 10: 41: 40

Page 3

0SS _OF 15 VOLTS

A313X MULTIPLEX ARD A313X
IC 24 FAILED DC_10 CARD LOGIC IC
SHORT A313X FAILURE
3MZ4

54 28

r )
A313 CHANNEL OR ) (€ARD A313X
CONNECTION OISCRETE
FAILURE

ruune

J SEE PAGE 10
82

I

INTED WIRING
ON CARD A313X
OPEN

ARO A313X PIN

ARD A313X PIN 2
46 FAILED OPEN FAILED OPEN

ARD A313X
GATE 23 FAILED

ARO A313X
GATE 22 FAILED

ARO A313X
GATE 21 FAILED

A313 OUIPUT PIN 3!3)(
3 FAILEO OPE
FAXL\RES

CW!ACYS 00 NOT
FIHZA

CONTACTS DO NOT
OSE

R2385A

8ISTABLE TC
423C FAILED
HIGH

81421

R323A BNBI

WIR313 3P46 3P2 3523 3622 3621
’ e e
A313x ruuns ) 3:3x nm.ms
CHANKEL CHANNEL, 4
SEE PAGE 9
ARD A313X INPUTY (CARD A213x INPUTY (A313X INPUT ARD A313X_INPUT Aaux INUTY (A313X INPUT AROD A313X INPUTY (CARD A313X INPUTY (A313x INOUT
DICOE CR 8 PIN 5 FAILED CIACUIT 1 0 PIN B FAILED CIRCUIT 2 DIO0E CR 11 PIN 19 FAILED ciRCUIT 3
FAILEG OPEN OPEN FAILURE FAILED OPEN OPEN FAILED OPEN OPEN FAIL
s 303 3P8 3919
ARD A313X TEST ARD A333X ARD A333X TEST ARQ A313X ARD A343X
Oéggs CR1 FAILED]| |RELAY K 112a DIooE CA 2 RELAY K 236A

no A313X TEST
FAILEO

ARD A
LAY 323A SI’ABL TC
O&CYS 00 NOT 431C FAILED

22 sse|D Aieyandold asnoybunisapn




vLi-d

15 VOLY CIRCUIT
COMPONENT FAILED

104

ENER DIODE CRS
FAILED SHORT

EILED C-E Srmfl

AANSISTOA Q1 S
FAILED SHORT
101

ISTOR A4
ILED SHORT

100E CR8
FAILED OPEN

Fault tree ©: rtsdiv
Oueved ¢ 03/24/95 10:41:40
Page 4

D¢ sse|D Arersudouid asnoybunsapn



SiLL-a

ARD 8315
CIRCUIT
COMP

ONE|
FAILURE

311

RANSISTOR O
FAILED C-E suoa

3 R DIOOE CA
FAILED C-E SHORT | |FAILED C-E SHOAT | |12 FAILED SHORT

JICINCINCINC

Fault tree @ ctsoiv
Queued © 03/24/95 10: 43: 40
Page S

22 sse|n Areyaudold asnoybuisapn




gLL-a

2/8YB
BYPASSES 32/RTB

[z/am FAILS

127

NALFWCIIW

S2BMN

5

ALL CONTACTS
SHORTED

328CS

Fault tree . rtsdiv
Oueued : 03/24/95 10:41: 40
Page €

D¢ sse|n Aielaudold asnoybuiisapn




AR N

RAIN B
UNAVAILABLE DUE
0 EITHER TEST
OR MAINTENANCE

-

RAIN A NOT
UNAVAILABLE DUE
T0_TEST OR
MAINTENANCE

RAIN B N
UNAVAILABLE DUE UNAVAILABLE DUE
10 TEST NAINTENANCE

RAIN A
UNAVAILASLE DUE
T10_TEST OR

MAINTENANCE

87 TEN
w D\
335

Fault tree @ rtsaiv
OQueued @ 03/24/93 10: 48: 40
Page 7
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gLi-a

IR1P _IN THE
CHANNEL

Fault tree : rtsdiv
Oueued ©: 03/24/93 10: 43: 40
Page 8

A TRIP RELAYS
DO _NOT_OPEN

A
A _TRIP BREAKERS
00 NOT OPEN ON LNAVHI.AE.E DVE
CIRCULIT SIGNAL TO_TEST
NAXNIENANCE
N SEE PAGE 16
137 250
A
X ———————e— |
0 !R P ARQ A4 -4 €Ar0 4515 RELAY A 2/RTA FAILS 2/8YA BYPASSES
10 RE! l SIGN‘LS vOL 3 SLPPI.Y’ANO CIRCULT RETURN Q.{)SEO ! SZ;RTA €
PROTECTION COMPONENT WEN (SEE IR-1)
FAILED FAlLlRE 101
SEE PAGE 14 SEE PAGE 15
231
TALIP SIGNAL TRIP SIGNAL 13 VoLt C RCULT AXE ALL _CONTACTS
ON _PIR HIGH ON OVERTEMP COMPONENT FAILED WIFIEO LOI ICAL, SHORTED
PRE OELTA-T MALFL!CTIW
13YA S2AC
SEE PAGE 13
139 184

@ O

AUSE FAILURES
PRESSURIZER
PRESSURE

TRIP SIGNAL fOOIC CAB!NEI’ ] IS ABLE CONMON

TRIP SIGNAL
OVER=

TEMPERATURE
ODELTA=T TRAIN 8

——r ] N

Lt A =)

oc1c CABXNE ISTABLE COMMON
COMMON C. CAUSE FAILURES
\_

140 e 102
m 160 2 735
AP0 A436X NO AR0 4818 DIOOE ) (CARO AS1S SIGNAL FRON
HIGH PRESSURE R 24 FATLED CRDERVOL TAGE CARO A313X
pm TEoFkILED STGHAL PEN PIN 25 FAILED
S5P18A 0024 opon
SEE PAGE 12
443
0SS OF 13 V OC lm A“SX LOGIC Ad37X CHANNEL ARD A416X
il £ 24 R CONMMECTOR D1SCREET
7O CARD Aaiex 'ﬁ'in.esl FATLURE [Cokrone
FAILURE
8a180C
| o b 4 % T .
ARD A418X GATE ARD “lax ARD A448X GATE Ad16X OUTPUT A416X 2/3 ARO A43168X ARD A4i68X ARD A416X
OPEN FATLED SHOR 3 FAILED SWORT | [PIN 3 FAILED oL FATLURES | [ZEnen Diooe ZENER DIODE RESISTOA RS
23 FAILEQ 22 OPEN G 23 FAILED R 22 FAILED FAILED OPEN
85623 85622 86621 6pP3 700 20023

SEE PAGE t8

O O

D¢ ssejn Asejaudoid asnoybupsepn




6LL-a

A313X FAILURE
IN CHANNEL 4

88
T X T T 1
ARO AJ13X INPUT ARD A313X INPUT ARD A313X_INPUT ARD AJ13X INPUT ARD A343X INPUTY (A313X INPUT
DIODE CR 12 DI100E PIN 10 FAILED PIN 36 FAILED PIN 13 FAILED CIRCUIT 4
FAILED OPEN FAILED OPEN OPEN OPEN OPEN FAILED
3042 306 3P40 P16 3013
92
e T
ARO AJ13X TEST ARD A313X ARD AJ13X
D 4 RELAY K 421A BISTABRRE TC 444C
FAILED OPEN &G‘géC!S DO NOT FAILED HIGH
T04 - R423A BI444

/\

84

Fault tree @ ctsdiv
Oueued : 03/24/93 30: 41: 40
Page 9 -

Dz ssejn Aieraudold asnoybunisapn




ARD A313X Fault tree : rtsdiv

DISCRETE
COMPONE| OQueved : 03/24/55 10: 43: 40
FAILURE
Page 10
95 -
(€ARD A313x ARO A313X ARD A31 ARD A313X

8

3X
ZENER DI CcR ZENER DIOOE CR OUTPUT OIDCE CR RESISTOR RS
25 FAILED SHORT 231 FAILED SHOAT 22 FAILED OPEN FAILED HIGH

32025 32021 3022 3RS

k

ocli-a

4]

2]

=
=}
Q

J
o

c

u

@

o
-

O
©

=
]

~*
Q

-
<

2]
[+))

n

(7]

N
O




L1zL-a

Fault tree : rtsoiv
Oueued : 03/24/95 10: 41: 40
Page 11

A418X FAILURE A416X FAILURE A416X FAILURE
IN CHANNEL IN CHANNEL 2 IN CHANNEL 3
153 160 187
I ] Y ] Y 1
ARO A418X ARD A41BX PIN A416X  FAILURE AROD_A416X ARD A416X_INPUTY (A416X INPUT ARD_A416X ARD _A416X A416X INPUT -
OI0CE CA_ 3§ 53 FAILEO OPEN IN CHANNEL & INPUT _0100€ PIN 6 FAILEO CIRCUIT 2 OICOE CR 14 INPUT PIN 19 CIRCUIT 3
FAILED OPEN CR 3 FAILED OPEN| |OPEN FATLURE FAILED OPEN FAILED OPEN FAILURE
8001 &PPS 8003 ] 80011 PPPPLQ
186 163 120
e T f X f X
ARD_A4168X TEST ARD A416X RO A418X ARO_A418X TEST ARQ A418X ARD A416X ARD A416X TEST ARD A416X ARD A416X
0 RELAY K 130A BISTABLE PC OOE CR 2 RELAY K 2324 BISTABLE PC 0 RELAY K 316A 9ISTABLE PC
FAILED OPEN cu_u‘gects 00 NOT 439A FAILED HIGH| |[FAILED OPEN, &Glgéﬂ's 00 NOT 458A FAILED HIGH| IFAILED OPEN &Nogé(:ls 00 NOT 457A FAILED HIGH
87101 RC130 87002 RC212 PPTOD3 RCI16

AN

359

« 0\

166

c3 A

173

0z sse|n Aieyandoud asnoybunsapn




[AA N

SIGNAL FROM
CARO A313X

188

T

Fault tree @ rtsdlv
Oueyed & 03/24/95 10: 41: 40
Page 12

1002 RC236A
_

A3$3X MULTIPLEX 0SS_OF 15 VOLIS ARO A313X A3313 CHANNEL OA no AMSX
IC 24 FAILED DC_TO CARD LOGIC IC CONNECT TON
SHORT A313x FAILURE FAILURE
FA]LWE
MMZ4 .
SEE PAGE 18
187 394
L 1 I 1
INTED WIRING ARO A313X PIN ARO A313X PIN 2 ARD A313X ARD A313X ARD AJ13X 4313 OU A313X N
ON _CARD A313X 46 FAILED OPEN FAILED OPEN GATE 23 FAILED GATE 22 FAILED GATE 21 FAILED 3 FAILE CHANNEL
OPEN FAILURES
WK1 PP4S PP2 [Cr&] GGZ2 G521 PP3
188 3/4 197
1
A313X FAILURE IN A313X FAILURE IN AIU.RE INY} fA313X FAIU.RE
CHANNEL, 3 CHANNEL 2 IN CHANNEL 4
SEE PAGE 12
189 208 232
T 2 1 1
ARD A333X INPUT ARD A343X INPUTY (A313X INOUT RO_A213X INPUT ARD A313X INPUT A313X InPUT ARO A3!3X IWT ARQ A3 INPUTY (A313X INPUT
OJIO0E CR 1§ PIN 5 FAILED CIRCUIT 1 [ ] PIN 8 FAILED RCULIT 2 0100€ P!N 19 FAlI. CIRCUIT 3
FAILED OPEN OPEN FAILURE FAILED OPEN OPEN FAXL FAILED @EN FAILURE
001 PPS 003 ] 0014
204 208 218
| ¢ ) . E A b ¢
ARD A283X TEST ARD A313X ARD A213X% ARD A313X TEST ARD A313X ARD A313X m A3£3X TEST ARO A
Olgﬁ é‘g FAILED | |RELAY K 112A BISTABLE IC DIOOE CR 2 RELAY K 226A BISTARLE TC ks LA K BI‘S?lBEéa¥C
OPEN CONTACTS DO NOT 431C FAILED FAILED OPEN CONTACTS DO NOT 421C FAILED FAILED wEN 'I’ACTS 00 NOT 431C FAILED
OSE HIGH CLOSE HIGH HIGH
1001 RC112A RC323A

o L)

204

B2 A

211

@ ©

&

D¢ sse|D) Aselendoud asnoybunsapn



gcL-a

5 . . Y 4
15 VOLT CIRCUIT
COMPONENT FAILED
237
' T |
ENER D100E CRG RANSISTOR 02 RANSISTOR 01 SISTOR Al J0DE CR8
FAILED SHORT FAILED C-E SHOAT | |FAILED C~E SHOAT| |FAILED SHOAT FAILED OPEN

TO2A

T01A R4A

Z06A

O O O

08A

Fault tree © rtsdiv
Ousued : 03/24/9% 10:41: 40
Page 13

2z ssepn Aieysudolsd esnoybunsapn




vZl-d

Fault tree @ ctsdlv
Queved : 03/24/95 10: 44: 40
Page 14

AANSISTOR 03 RAANSISTOR 04 AANSISTOA Q3 ENER DIOOE CR
FAILED C-E SHORT | [FAILED C-E SHORT | [FAILED C-E SHORT | 112 FAILED SHORY

TG4A T03A 2012

EICINCINCINC

2z sse|D Aleyaudoud asnoybuiisapn




gclL-a

ZIBYA IXES

255
ey
RATOR OMMON OPERATOR TRIP RELAYS /BVA FAILS
ERROR ERAOR 00 NOT_OPE|
CIRCULT -
OPERL
OE A 8 260
257
CHANICAL ALL CON'I'ACTS
MALFUNCTION SHORTE
52ACS

Fault tree @ rtsotv
Oueued : 03/24/95 10: 43: 40
Page 3

0z sse|) Aieyaudoid asnoybunsapn



Fault tree ;: ctsdiv
Oueued = 03/24/93 30: 41: 40
Page 16

RAIN B NOT
UNAVAILABLE DUE
T0_TEST OR
MAINTENANCE

tlnii\xl':!tA&E DUE u'}ﬁ'fxﬁue DUE ll'}:\II'A‘IEA&E OvE
T0 TEST TO MAINTENANCE TO_TEST OR

MAINTENANCE

TAT TAM
w A\
268

O
'
-
N
)]

Dz sse|n Atelsudoid asnoybunsapn



Fault tree @ rtsdiv
. Oueued @ 03/24/95 10: 41: 40

Page 17

X 4 |

l T X
ARO A313X INPUT ARO AJ13X INPUT ARD AJ313X INPUT ARD A313X INPUT ARD A313X INPUTY (A313X INPUT
DIOOE CR ¢ )¢ PIN 10 FAILED PIN 36 FAILED PIN 13 FAILED CIRCULIT 4
FAILED OPEN FAILED OPEN OPEN OPEN OPEN FAILED
0012 006 PP10 PP16 PP13
«
f T 1
ARD A313X TEST ARD A13X ARD A313X
0 4 RELAY K 421A BISTABLE TC 441C
FAILED OPEN &o«ogécrs 00 NOT FAILED HIGH

RC421A

= & -4

LZl-a

Dz sse|n Aleysudosd asnoybBunsapn




(€AR0 4313 €ar0_a313x ARQ 4313 ARD A313X
ZENER O cA 0I00€ CA ouTPuUT 0100E cA | [RESISTOR RS
EEN0E SR | B ERreteAr | [ NI %R FAILED HIGH

22025 22028

8

O O 60 O

Fault tree @ rtsolv
Queued @ 03/24/95 10: 41: 40
Page 18 RLAST)

02 sse|n Aiejaudold ssnoybunsapn



6clL-a

YZH1Y 9811 JusaA]

AKER TAIP IN THE
COMMON CAUSE A 0A B CHANNELS

8CC

TRIP IN THE TAIP IN THE
CHANNEL, A CHANNEL

SEE PAGE 4

Fault tree : c¢:\woginstr\ft\rte24.0at
Cueued : 03/24/93 15:34:53
Page &

TRIP RELAYS
D0 NOT_OPEN
CIRCUIT

) ¢ .
TRIP SIGNAL T _9/B CONTACTS T IOIB ISTABLE ANO
TO AT 9/8B SHORTED TE‘I’S RELAY COMMON
RTS8 RT10B BRCC

TRIP BEAKEFE m
OPEN ON AILA&E DUE
IGNAL
EN‘NCE
[ 1 SEE PAGE 3

[ /A18 FAILS /ara BYPASSES

[ ] SEE PAGE 2

»C 4368 XxB
CONTACTS CLOSED

4388 xB8 ALL CMTAC!S
CONTACTS CLOSED OﬂN!CLL SHORTE
MALFUNCTION
328Cs

72
4358 xB 4558 BISTABLE 4568 X8 C 4368 BISTABLE 4578 BISTABLE C 458 XxB 4588 BISTABLE
CONTACIS SHORTED FAILS TO REMOVE | |CONTACTS SHORTEO FAILS T0 REMOVE CCNIACIS SImTED FA!LS 10 REMOVE | ICONTACTS SHORTED FAILS 10 REMOYE
PONER TO RELAY POXER TO RELAY WEAR TO RELAY POMEA TO RELA Y
455x8 456XB 437x8 458x8
1 A 2 A 4
9 12 15 74

O¢ sse|) Asejaudold asnoybupsam



Fault tree : c:\woginstr\ft\rir24.dat
Ousued : 03/24/9% 15 34:53

Page 2
2/8YB OOES NOT
OPEN
'I'RIP RELAYS /8Y8 FAILS v
0 NOT _OPEN CLOSED
cmcun
(23]
A
Of
ALL CMHC'I’S
ALFI.NCH -
528YMN 528YCS

oglL-a

1)
(2]
=g
3
«Q
a
o
c
[72]
(o]
3
-
(=]
©
=
[}
~+
[
-
<
)
Q
[
(7]
N
O




LEL-a

AAIN B AAIN 8 RAIN A
UNAVAILABLE OUE UNAVAILABLE DUE UNAVAILABLE DUE
TO TEST TO MAINTENANCE

T0_TEST 0R
MAINTENANCE
187 TBM
A
37

Fault tree : c:\woginstr\ft\rtr24.cat
Queued : 03/24/95 15: 34: 53
Page 3
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ol‘mp EN THE . Fault tree : c:\woginste\ft\rtr24.dat
Oueued : 03/24/93 15:34:%3

Pagc 4
38
A TRIP RELAYS A_TRIP BREAXERS RAIN
DO NOT_OPEN DO NOT OPEN ON Avuuau.s
CIRCUIT SIGNAL
num mce
SEE PAGE 6
39
A
TRIP SIGNAL T 9/A CONTACTS T 10/A CONTACTSY (BISTABLE AND /nu FAILS /an BYPASSES
T0 RT 9/A SHORTED SHORTED RELAY COMMON
CAUSE E
RTQA RT10A o
w
Q SEE PAGE 3 =,
3/4 40 cc 3
52 (]
3 |
4558 XA bC 4568 XA XA 4%88 XA cormcrs c
CONTACTS CLOSED CONTACTS CLOSED pe »
m.rwcuou (0]
lw) 5244 52ACS o
) -
- (=]
@ g
« o
| o
C 4558 XA 4558 BISTABLE 4588 XA 68 BISTABLE 4578 XA 4578 BISTABLE 4588 XA 4588 BISTABLE =
CONTACTS SHORTED| | FAILS 10 REMOVE | |CONTACIS SHORTED nus 10 REMOVE | [CONTACTS SHORTED FA! S 10 REMOVE | |CONTACTS SHORTED| | FAILS 70 REMOVE < |
POMER TO RELAY POXER TO RELAY POXER TO RELAY POWER TO RELAY o
455XA B1438 81456 457XA B1437 458XA B1438 5
7
7]
43 N
3 4 (@]




gel-a

2/BYA DOES NOT
OPEN

ERATOR ERAROR OMMON OPERATOR TRIP RELAYS 2/8YA FAILS
ERROR NOT_OPEN CLOSED
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gelL-a

WISHIAIQ 8841 JusAl

TRIP oN OVER-
NP DELTA-T
MIGM PZR PﬂESS!R
OIVERSITY CASE

TRIP_IN THE AKER COMMON
A OR B TIRIP CAUSE
CHANNELS
8CC
2

TRIP IN THE
CHANNEL
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CHARNEL

Fault tree : ¢:\woginstr\ft\diversen.a
Oueued : 03/24/98 15: 37: 12
Page &
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PC 4338 x8
CONTACTS CLOSED

4338 xT
CONTACTS SHORTED

433XB

435 BISTABLE
FAILS TO REMOVE
POKER TO RELAY

A
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Fault tree @ ¢:\woginstr\ft\diversen, ot
Queved : 03/24/95 1%:37: 12
Page 2

Dz sse|n Aleyaudoud ssnoybunsapp



LEL-A

PC 4368 xB
CONTACTS CLOSED

C 4588 xB8
CONTACTS SHORTEC | |FAILS TO REMOVE
PONER TO RELAY

C_4568 BISTABLE
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A
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A
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10 RELAY
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C 421C xI
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BISTABLE FAILS
10 REMOVE POWER
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/

2
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SEE PAGE 11 SEE PAGE 12 SEE PAGE 13
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NOT OPEN
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Westinghouse Proprietary Class 2C

APPENDIX E

Event Sequence Quantification Results
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Westinghouse Proprietary Class 2C

This appendix provides a summary of the sequences leading to core damage from the accident
sequence quantification. Only the accident sequences that contain failures of reactor trip or
engineering safety feature actuation signals out of the top 100 sequences are provided. These
sequences are provided for the following cases:

Pre-TOP Case: Solid State Protection System, 2 of 4 Signal Logic
TOP Case: Solid State Protection System, 2 of 4 Signal Logic
Proposed Case: Solid State Protection System, 2 of 4 Signal Logic
Pre-TOP Case: Solid State Protection System, 2 of 3 Signal Logic
TOP Case: Solid State Protection System, 2 of 3 Signal Logic
Proposed Case: Solid State Protection System, 2 of 3 Signal Logic

Note that in some sequences neither RT (reactor trip actuation signal) nor ESF (engineered safety
features actuation signal) shows as a failure. In these sequences, the ESF actuation signal is
included in the auxiliary feedwater (AFW) unavailability value.

For each sequence in each case, the following information is provided:

Number - Sequence number

Frequency - Sequence frequency (per year)

Percent - Percent contribution of the sequence to the total core damage frequency

Sum - Summation of all the sequences up to that sequence number

Event - Top event in the event tree

Value - The value (system unavailability, operator action failure probability, etc.) associated
with the top event

Description - Description of the top event

m:\2052w.wpf: 1d-053095 E-2
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Westinghouse Proprietary Class 2C

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

Total plant damage state frequency = 5.706E-005
NUMBER  FREQUENCY PERCENT  SUM

EVENT VALUE DESCRIPTION
5. 1.204E-006 2.11%  9.179E-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OoMG 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
6. 1.148E-006 2.01%4  1.033E-005 .
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFY 2.000E-002 MDP TO 2/4 SGs FAIL~ 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 cCPs- 1/2 RHR- TR A SPRT FAILS
9. 1.004E-006 1.76%  1.346E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL=-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
17. 5.902€E-007 1.03%  1.904E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFH 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
0AB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
18. 5.859E-007 1.03% 1.962E-005
T 7.300E-001 Turbine Trip
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
24, 4 .840E-007 0.85% 2.274E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) = ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
25. 4 .658E-007 0.82% 2.321E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40% ‘
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFYH 8.850E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
26. 4.434E-007 0.78% 2.365E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 6.880E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
HP1 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.000E+000 AFY - NO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
ccw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
27. 4 .404E-007 0.774 2.409E-005
PMF 1.500£+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
AFH 8.850E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT



29.

3.

33.

37.

38.

42.

43.

47.

49.

53.

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

Westinghouse Proprietary Class 2C

4.253€-007 0.75% 2.495E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAMN 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
4.172E-007 0.73% 2.579E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

OAB . 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.882E-007 0.68% 2.657E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.589E-007 0.63% 2.802E-005

SGR 2.500E-002 Steam Generator Tube Rupture

AFH 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/O SPRAY
3.422E-007 0.60% 2.836E-005

LLO 3.000E-004 Large Loss of Coolant Accident

ESF 1.180E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)

LPI 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT

HP1 1.000E+000 2/4 HP1s- 2/3 CLEGS- LLO- NO SUPPORT

ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
2.809€-007 0.49%  2.954E-005

Loc 3.500E-001 Loss of Condenser

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

PLL 8.610E-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
2.799E-007 0.49% 2.982E-005

LospP2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
2.512E-007 0.44% 3.088E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

DAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.448E-007 0.43% 3.137E-005

Losp2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

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

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

HP} 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
2.355€-007 0.41% 3.233£-005

1T 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION




S4.

55.

57.

70.

7.

75.

81.

86.

Westinghouse Proprietary Class 2C

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

2.343E-

PMF
AFHW
CON
OAR

2.267E-

17
RY
PLL
OMG
OCR
AFH

2.143E-

T
RT
PLL
OMG
AFW

1.809€-

LOSP1
4XAC
AFH
CON
PZR

1.710E-

LMF
RT

PLL
OMG
OCR
0BR

1.646E-

LMF
RT

PLL
OMG
OCR
AFW

1.556€-

LMF °
RT
PLL
OnG
AFY

1.482E-

SGR
AFH
HPR

1.429E-

SLO
ESF
cce
LP]

1.372€-

LMF
AFW
CON
OAB

(]

007 0.41% 3.256E-005
1.5006+000 Partial Loss of Main Feedwater Flow
2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs=1/4 SGs FAIL-- NO SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

007 0.40% 3.279E-005
7.300E-001 Turbine Trip
1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
8.850E-002 2/2 MDPs & TDP YO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.38% 3.323E-005
7.300E-001 Turbine Trip
1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.850E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.32% 3.457E-005
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- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT .
4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

007 0.30% 3.564E-005
5.300E-001 Loss of Main Feedwater Flow
1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

007 0.29% 3.580E-005
5.300E-001 Loss of Main Feedwater Flow
1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
8.850E-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.27% 3.644E-005
5.300E-001 Loss of Main Feedwater Flow
1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.850E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.26% 3.674E-005
2.500E-002 Steam Gencrator Tube Rupture
2.510E-003 272 MDPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

007 0.25% 3.732E-005
6.600E-003 Small Loss of Coolant Accident
9.200E-004 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
2.550E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL
1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

007 0.24% 3.801E-005
5.300E-001 Loss of Main Feedwater Flow
2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
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87.

89.

97.

98.

Westinghouse Proprietary Class 2C

Pre-TOP Case: Solid State Protection System, 2 of 4 Loaqic (Cont’d)

S PP

1.364E-007 0.24% 3.815E-005

SIS
RT

PLL
OMG
OCR
PPR

1.700E-001 safety Injection Signal (Inadv)

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
8.610E-001 INITIAL POWER 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

1.330e-007 0.23%  3.842E-005

PMF
RT

OMG
OCR
OBR

1.500E+000 Partial Loss of Main Feedwater Flow
1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

1.168E-007 0.20% 3.941E-005

PMF
RT

PLL
OMG
OCR
AFH
PPR

1.500E+000 Partial Loss of Main Feedwater Flow
1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

6.130E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

1.129€E-007 0.20% 3.952e-005

Loc
RT

PLL
OMG
OCR
0BR

3.500E-001 Loss of Condenser

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

= ALL SUPPORT

ALL SUPPORT

ALL SUPPORT

ALL SUPPORT
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Westinghouse Proprietary Class 2C

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

Total plant damage state frequency = 5.800E-005

NUMBER FREQUENCY PERCENT SUM
EVENT VALUE DESCRIPTION

5. 1.239E-006 2.14%  9.213E-006

PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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 RO CR1 ALL SUPPORT AVAIL
6. 1.147€-006 1.98%  1.036E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs=-1/4 SGs FAIL-- KO SUPPORT
HPR 2.800E-002 1/2 cCPs- 1/2 RHR- TR A SPRY FAILS
9. 9.990E-007 1.72%  1.348E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP YO 2/4 SGs FAIL- 5 HRS- TR B SPRT (HO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
RP] 2.430E-002 1/2 cCPs~ 3/4 CLEGS- TR B SPRT AVAIL- LOSP
16. 6.030E-007 1.044  1.846E-005
11) 7.300E-001 Yurbine Trip
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OoMG 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 SUPPORY AVAIL
18. 5.899€-007 1.02%  1.965E-005
SGR 2.500E-002 Steam Generator Tube Rupture
" AFW 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
24. 4.981E-007 0.86% 2.278E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
QacR 5.070E-001 OA TO INSERT CONTROL RQDS
0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
25. 4 .825E-007 0.83% 2.326E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS *
AFW 8.860E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
26, 4.742E-007 0.82% 2.373E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.360E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
HPI 1.000E+000 2/4 HPls- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.000E4000 AFW - HO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
ccw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
27. 4.561E-007 0.79% 2.419E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.860E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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28.

31.

32.

34.

37.

42.

43.

47.

50.

51.

Westinghouse Proprietary Class 2C

TOP Case: Solid State Protection System, 2 of 4 Loagic (Cont’d)

4.378E-007 0.754 2.463E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL ROOS

PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
4.153€-007 0.72% 2.590E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS-= TR B SPRT (NO TRA)

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
4,059E-007 0.70% 2.631E-005

LLo 3.000E-004 Large Loss of Coolant Accident

ESF 1.400E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)

LP1 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT

HP1 1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT

ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
3.879-007 0.67% 2.708£-005

PME 1.500E+000 Partial Loss of Main Feedwater Flow

AFY 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.587E-007 0.62% 2.817E-005

SGR 2.500E-002 Steam Generator Tube Rupture

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY
2.891E-007 0.50% 2.971E-005

LoC 3.500E-001 Loss of Condenser

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

PLL 8.610E-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
2.799E-007 0.48% 2.999E-005

LosSP2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

AFH 2.000E-002 MDP TO 2/4-SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
2.511E-007 0.43%  3.104E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.437€-007 0.42% 3.178E-005

LoOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

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

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

HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
2.424E-007 0.42% 3.202€-005

T 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION




54.

55.

57.

63.

70.

76.

78.

Westinghouse Proprietary Class 2C

TOP Case: Solid State Protection System. 2 of 4 Loagic (Cont’d)

2.348E-007 0.40% 3.274E-005

144 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 8.860E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS = ALL SUPPORT
2.342E-007 0.40%  3.297E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFW " 2.710E-005 2/2 MDPs & TODP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.220E-007 0.38% 3.342E-005

T 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

ONG 5.000E-001 OA TO TRIP MG SETS

AFW 8.860E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
1.879E-007 0.32% 3.458E-005

SLo 6.600E-003 small Loss of Coolant Accident

ESF 1.210E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)

ccp 2.550E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL

LPt 1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT
1.801E-007 0.31% 3.513E-005

LosP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

PZR 4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRY
1.760E-007 0.30% 3.584E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
1.705E-007 0.29% 3.619E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

oMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFH 8.860E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5'HRS - ALL SUPPORT
1.612E-007 0.28% 3.683E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG - 5.000E-001 OA TO TRIP MG SETS

AFW 8.860E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
1.481E-007 0.26% 3.713E-005

SGR 2.500E-002 Steam Generator Tube Rupture

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

HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT
1.404E-007 0.24% 3.785E-005

£ £ 1.700E-001 Safety Injection Signal (Inadv)

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

PLL 8.610E-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
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88.

89.

90.

9%4.

100.

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

Westinghouse Proprietary Class 2C

Bacryd wivel

1.376€E-007 0.24% 3.840E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

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

OMG 5.000E-001 OA TO TRIP MG SETS .

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
1.373€-007 0.24% 3.854E-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 2.420E-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
1.371E-007 0.24% 3.867E-005 ‘

LMF 5.300E-001 Loss of Main Feedwater Flow

AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
1.370E-007 0.24% 3.881E-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 2.420E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)

LPR 8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL
1.293€-007 0.22% 3.934E-005

PMF 1.5006+000 Partial Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG-SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 6.560E-002 TDP T0 2/5 SGs FAILS- 5 HRS - ALL SUPPORT

PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL
1.162E-007 0.20% 4.006E-005

Loc 3.500E-001 Loss of Condenser

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40% .

OMG 5.000E-001 OA TO TRIP ‘MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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Westinghouse Proprietary Class 2C

Proposed Case: Solid State Protection System, 2 of 4 Logic

Total plant damage state frequency = 5.835E-005

NUMBER FREQUENCY PERCENT SUM

5.

9.

14.

18.

22.

25.

26.

27.

EVENT VALUE DESCRIPTION
1.265E-006 2.174  9.238E-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAM 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 HO CRI ALL SUPPORT AVAIL
1.147€-006 1.974 1.039E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFH 2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
9.975€-007 1.71% 1.350E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit) -
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs=1/4 SGs FAIL=-- NO SUPPORT
HP1 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
6.155E-007 1.05% 1.728E-005
T 7.300E-001 Turbine Trip
RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
5.898E-007 1.01%  1.968E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFY 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
5.084E-007 0.874 2.182E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
4.939E-007 0.85% 2.331E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OoMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.870E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
4. 781E-007 0.82% 2.379E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.420E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
RP1 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.000E+000 AFW - NO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
ccw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
4.669E-007 0.80% 2.426E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORTY
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28.

31.

32.

34.

37.

4.

43.

47.

48.

51.

Proposed Case: Solid State Protection System, 2 of 4 Logic (Cont’d)

Westinghouse Proprietary Class 2C

YRTE T

4.469E-007 0.77%4  2.470E-005

LHF
RT

PLL
OMG
OCR
PPR

5.300E-001 Loss of Main Feedwater Flow

1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER 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

4.146E-007 0.71% 2.598E-005

LOSP1
4KAC
AFW
CON
OAB

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- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT

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

4.146E-007 0.71%  2.639E-005

LLO
ESF
LPI
HPI
ccu

3.000E-004 Large Loss of Coolant Accident

1.430E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
1.000E+000 2/4 HPIs~ 2/3 CLEGS- LLO- NO SUPPORT

1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT |

3.879E-007 0.66% 2.717e-005

PHF
AFY'
CON
0AB

1.500E+000 Partial Loss of Main Feedwater Flow

2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.586E-007 0.61% 2.825E-005

SGR
AFW
OAR

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MDPs & TDOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/O SPRAY

2.951E-007 0.51%  2.950E-005

Loc 3.500E-001 Loss of Condenser
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POMER 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
2.798E-007 0.48% 3.007E-005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4XAC 5.470E-002 4160 V AC POHER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 cCPs- 1/2 RHR- TR A SPRT FAILS
2.511E-007 0.43%2 3.113E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON ‘ 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OoLP)

2.474E-007 0.42% 3.138E-005
17

7.300E-001 Turbine Trip

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) = ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
2.433E-007 0.42% 3.211E-005
LosSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 COM PMPs-1/4 SGs FAIL-- NO SUPPORT
HP} 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
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Proposed Case: Solid State Protection System. 2 of 4 Loaic (Cont’d)

PRI

Westinghouse Proprietary Class 2C
2.404E-007 0.41%  3.283£-005
|
|
|
|
|

T7 7.300E-001 Turbine Trip

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT COMTROL RODS

AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
2.342E-007 0.40% 3.307E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.272E-007 0.39%4 3.329E-005

17T 7.300E-001 Turbine Trip

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
2.003E-007 0.34% 3.393E-005 |

SLO 6.600E-003 Ssmall Loss of Coolant Accident

ESF 1.290E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)

ccp 2.550E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL

LP} 1.000E4000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT
1.798E-007 0.31% 3.524E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFW 2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

PZR 4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT
1.796E-007 0.31%4 3.578E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
1.745E-007 0.30%4 3.613E-005

LMF 5.300£-001 Loss of Main Feedwater Flow

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40% |

0OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFH 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS = ALL SUPPORT ‘
1.650E-007 0.28%4 3.647E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

RTY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OoMG 5.000E-001 OA TO TRIP MG SETS

AFH 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
1.481E-007 0.25% 3.726E~005

SGR 2.500E-002 Steam Generator Tube Rupture

AFH 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

HPR 2.530E-003 1/2 cCPs- 1/2 RHR- ALL SUPPORT
1.458E-007 0.25% 3.755E-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 2.570E-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
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Westinghouse Proprietary Class 2C

Proposed Case: Solid State Protection System, 2 of 4 Logic (Cont’d)

|
|
i 81. 1.455€-007 0.25% 3.770E-005 hd
|
|

MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LPR 8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL
83. 1.433E-007 0.25% 3.798E-005
SIS 1.700E-001 Safety Injection Signal (Inadv)
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
1 85. 1.407€-007 0.24% 3.826E-005
| PMF 1.500E+000 Partial Loss of Main Feedwater Flow
| RT . 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
90. 1.370E-007 0.23% 3.896E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING ~-START SI
92. 1.351E-007 0.23% 3.923E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
‘ AFW 6.700E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
} PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL
98. 1.215€-007 0.21% 3.998E-005
MLO 8.000E-004 Medium Loss of Coolant Accident g
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LP1 6.660E-003 1/2 RPMPs- 2/3 CLEGS- MLO- TR A SPRT FAILS
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Westinghouse Proprietary Class 2C

re-TOP Case: Solid_State Protection System, 2 of 3 Logic

Total plant damage state frequency = 5.717E-005

NUMBER FREQUENCY PERCENT SUM

EVENT VALUE DESCRIPTION
5. 1.203E-006 2.10% 9.177E-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL HITH OA) = ALL SUPPORT
PLL 8.610E-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
6. 1.148E-006 2.014  1.032E-005 .
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 cCPs- 1/2 RHR- TR A SPRT FAILS
9.  1.003E-006 1.76%  1.346E-005
LosP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
17. 5.902E-007 1.03% 1.903E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFH 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
18. 5.855E-007 1.02%  1.962E-005
T 7.300E-001 Turbine Trip
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
24. 4.837e-007 0.85%4 2.274E-005 .
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
25. 4.668E-007 0.82% 2.320E-005
PMF 1.500E+4000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFY 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
26. 4 .452E-007 0.78% 2.365E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 6.910E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
HPI 1.000E+000 2/4 HPls- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.000E+000 AFW - NO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
ccy 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
27. 4.413E-007 0.77% 2.409E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 QA TO TRIP MG SETS
AFW 8.870E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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30.

32.

34,

38.

42.

43.

47,

49.

53.

Westinghouse Proprietary Class 2C

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

4.262E-007 0.75% 2.495E-005

LLO 3.000E-004 Large Loss of Coolant Accident

ESF 1.470E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)

Lel 1.000E4000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT

HPI 1.000E+000 2/4 HPls- 2/3 CLEGS- LLO- NO SUPPORT

ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
4.251E-007 0.74%4 2.538E-005 ‘

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-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
4.171E-007 0.73% 2.622E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.881E-007 0.68% 2.699E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFW 2.710E-005 2/2 MDPs & TDP~- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.589E-007 0.63% 2.844E-005

SGR 2.500E-002 Steam Generator Tube Rupture

AFW 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAlL- 5 HRS- ALL SUPPORT

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

Loc 3.500E-001 Loss of Condenser

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E~001 OA TO TRIP MG SETS

OCR 5.070E-007 OA TO IMNSERT CONTROL RODS

PPR 2.6905-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
2.799€-007 0.49%4 2.990E-005

Losp2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
2.512€-007 0.44% 3.096E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (HO TRA)

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.448E-007 0.43% 3.145€E-005

LospP2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

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

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

HPI 2.430E-002 1/2 ccPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
2.354E-007 0.41% 3.241E-005

1T 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

"OCR 5.070E-001 OA TO INSERT CONTROL RODS

0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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Westinghouse Proprietary Class 2C

Pre-TOP Case: Solid State Protection System, 2 of 3 Loaqic (Cont’d)
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2.343E-007 0.41%  3.265E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFH 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL~ 5 HRS~ ALL SUPPORT

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES oLP)
2.272E-007 0.40% 3.287E-005

17 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
2.148E-007 0.38% 3.331E-005

1T 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
1.809E-007 0.32% 3.466E-005

LoSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFH 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

PZR 4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT
1.709E-007 0.30% 3.572E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

oMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
1.649E-007 0.29%4 3.588E-005

LMF 5.300E-001 Loss of Main Feedwater Flow ' -

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFY 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
1.559E-007 0.27%4 3.653E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000£-001 OA TO TRIP MG SETS

AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
1.482E-007 0.26% 3.683E-005

SGR 2.500E-002 Steam Generator Tube Rupture

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

HPR 2.530E-003 1/2 CCPs- 1/2 RHR~ ALL SUPPORT
1.429E-007 0.25% 3.740E-005

SLo 6.600E-003 Small Loss of Coolant Accident

ESF 9.200E-004 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)

ccp 2.550E-002 1/2 cCPs- 3/4 CLEGS- TR B SPRT AVAIL

LPI 1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- HO SUPPORT
1.371E-007 0.24% 3.810E-005

LME 5.300E-001 Loss of Main Feedwater Flow

AFY 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
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Pre-TOP_Case: Solid State Protection System, 2 of 3 Loagic (Cont’d)

87. 1.363E-007 0.24%  3.824E-005

SIS 1.700E-001 Safety Injection Signal (lnadv) .
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAM 40%
oMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA YO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
89. 1.330E-007 0.23% 3.850E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RY 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
OMG 5.000E-0G01 OA TO TRIP MG SETS
OCR , 5.070E-001 OA TO INSERT CONTROL RODS
0BR 1.550€-001 OA TO ESTABLISH EMERGENCY BORATION
97. 1.172E-007 0.20% 3.949E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OoMG 5.000E-001 OA YO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 6.150E-002 TOP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL
98. 1.129E-007 0.20% 3.960E-005
Loc 3.500E-001 Loss of Condenser
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
| OCR 5.070E-001 OA TO INSERT CONTROL RODS
| 0BR + 1.5506-001 OA TO ESTABLISH EMERGENCY BORATION
100. 1.089E-007 0.19% 3.982E-005
j Loc .3.500E-001 Loss of Condenser
| RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAMN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
‘ OCR 5.070E-001 OA TO INSERT CONTROL RODS
; AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS = ALL SUPPORT
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Westinghouse Proprietary Class 2C

TOP Case: Solid State Protection System, 2 of 3 Loaic

Total plant damage state frequency = 5.832E-005

NUMBER FREQUENCY PERCENT SUM

EVENTY VALUE DESCRIPTION
r
5. 1.2376-006 2.12% 9.208E-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
6. 1.147E-006 1.97% 1.036E-005 . ,
LosP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFH 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 COM PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 cCPs- 1/2 RHR- TR A SPRT FAILS
9. 9.986E-007 1.71%  1.348E-005
LosP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs=-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 cCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
14. 6.492E-007 1.11% 1.729E-005
LLO 3.000E-004 Large Loss of Cooltant Accident
ESF 2.2640E-003 ENGINEERED SAFETY FEATURES TRAINS ASB FAIL (LLO)
LPI 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
HP1 1.000E+000 2/4 HP1s- 2/3 CLEGS- LLO- NO SUPPORT
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
17. 6.021E-007 1.03% 1.910E-005
18] 7.300E-001 Turbine Trip
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
19. 5.899E-007 1.01%  2.029€-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFY 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
25. 4 ,9T4E-007 0.85% 2.342E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
26. 4.850E-007 0.83% 2.390E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RY 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS |
AFW 8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
27. , 4.798E-007 0.82% 2.438E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.450E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
HPI 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
AFY 1.000E+000 AFW - NO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
ccw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
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28.

29.

32.

34.

37.

42.

43.

47.

50.

51.

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

Westinghouse Proprietary Class 2C

4 .585E-007 0.794 2.484E-005 . -

PMF 1.50064000 Partial Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS -

AFW 8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
4.371€-007 0.75% 2.528E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POMER 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
4.151E-007 0.71% 2.655E-005

LosP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

0AB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START Sl
3.892E-007 0.67% 2.733E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFW 2.720E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.587E-007 0.62% 2.842e-005

SGR 2.500E-002 Steam Generator Tube Rupture

AFH 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY
2.887E-007 0.49% 2.995E-005

Loc 3.500E-001 Loss of Condenser

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

PLL 8.610E-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
2.799€-007 0.48% 3.023E-005

LoSP2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (MO TRA)

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

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
2.511E-007 0.43% 3.129E-005

Losp1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.436E-007 0.42% 3.202E-005

Losp2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

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

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

HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
2.420E-007 0.42% 3.226E-005

7 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OoMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATIONM
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54.

55.

57.

63.

70.

72.

75.

78.

T

2.360€-

TT
RY
PLL
OoMG
OCR
AFW

2.351E-

PMF
AFW
CON
OAR

2.231E-

17
RT
PLL
OMG
AFW

1.879€E-

SLO
ESF
cce
LP1

1.800€E-

Lospt
4KAC
AFW
CON
PZR

1.757e-

LMF
RT

PLL
OMG
OCR
OBR

1.714E-

LMF
RT

PLL
OMG
OCR
AFW

1.620E-

LMF
RT

PLL
OMG
AFW

1.481E-

SGR
AFH
HPR

1.402€-

SIS
RT

PLL
OMG
OCR
PPR

Westinghouse Proprietary Class 2C

OP Case: Solid_State Protection System, 2 of 3 Logic (Cont’d

007 0.40% 3.298E-005
7.300E-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.40% 3.322E-005
1.500E+000 Partial Loss of Main Feedwater Flow
2.720E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
6.090E-003 OA TO ESTABL!SH HIGH PRESSURE RECIRC (INCLUDES OLP)

007 0.38% 3.366E-005
7.300E-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.910E-002 2/2.MDPs & TDP TO 4/4 SGs FAIL- 5 HRS =~ ALL SUPPORT

007 0.32% 3.483E-005
6.600E-003 Small Loss of Coolant Accident
1.210E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
2.550E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL
1.000E+000 LPE- 1/2 LPI1s- 3/4 CLEGS- NO SUPPORT

007 0.31% 3.538E-005
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- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

007 0.30% 3.609E-005
5.300E-001 Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

007 0.29% 3.643E-005
5.300E-001 Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.28% 3.692E-005
5.3006-001 Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.25% 3.738E-005
2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MDPs & TOP- 3/3 SGs FAIL- 5 HRS~ ALL SUPPORT
2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

007 0.24% 3.809E-005
1.700E-001 safety Injection Signal (Inadv)
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER 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
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87.

88.

89.

90.

94.

100.

Westinghouse Proprietary Class 2C

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

1.376E-007 0.24% 3.865E-005

PMF 1.500E+000 Partial Loss of Main Fecdwater Flow

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

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

O0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
1.375E-007 0.24% 3.878E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

AFW 2.720E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING ~-STARY SI
1.373E-007 0.24% 3.892E-005 :

MLO 8.000E-004 Hedium Loss of Coolant Accident

ESF 2.420E-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
1.370E-007 0.23% 3.906E-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 2.420E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)

LPR 8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL
1.300E-007 0.22% 3.959E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFH 6.600E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT

PPR 3.620E-001 PARTIAL AFW AND HO CRI ALL SUPPORT AVAIL
1.161E-007 0.20% 4.031E-005

LoC 3.500E-001 Loss of Condenser

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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Westinghouse Proprietary Class 2C

Proposed Case; Solid State Protection System, 2 of 3 Logic

Total plant damage state frequency = 5.893E-005

NUMBER  FREQUENCY PERCENT. SUM

5.

1.

15.

19.

23.

25.

27.

EVENT VALUE DESCRIPTION
1.261E-006 2.14%  9.229E-006

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-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 SUPPORY AVAIL
1.147E-006 1.95% 1.038E-005 .

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

HPR 2.800E-002 172 cCPs- 1/2 RHR- TR A SPRT FAILS
9.966E-007 1.69%  1.349E-005

LoSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

“HP1 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
8.459E-007 1.44% 1.533E-005

LLo 3.000E-004 Large Loss of Coolant Accident

ESF 2.920E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)

LP1 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT

HPI 1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT

ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
6.136E-007 1.04%  1.811E-005

TT 7.300E-001 Turbine Trip

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

oMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL ROOS

PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
5.898E-007 1.00% 2.051E-005

SGR 2.500E-002 Steam Generator Tube Rupture

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
5.069€-007 0.86% 2.265E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

RT 1.800€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
4 .985E-007 0.85% 2.365E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 8.960E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
4.873E-007 0.83% 2.463E-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 7.570E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)

HPI 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT

AFY 1.000E+000 AFW - NO SUPPORT AVAILABLE

ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

ccw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
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28.

29.

32.

33.

37.

42.

43.

47.

48.

51.

Westinghouse Proprietary Class 2C

Proposed Case: Solid State Protection System, 2 of 3 Logic (Cont’d

4.712E-007 0.80% 2.510E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E~001 OA TO TRIP MG SETS

AFW 8.960E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
4 .455E-007 0.76% 2.555E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-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
4.143E-007 0.70% 2.682E-005

LospP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

0AB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.903E~007 0.66% 2.721E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFHW 2.730E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
3.586€E~007 0.61%4 2.869E-005

SGR 2.500E-002 Steam Generator Tube Rupture

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC H/0 SPRAY
2.942E-007 0.50% 3.023E-005

'LOC 3.500E-001 Loss of Condenser

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-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
2.798E-007 0.474 3.051E-005

Losp2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

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

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

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
2.511E-007 0.43% 3.156E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

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

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.467E-007 0.42% 3.180E-005

11} 7.300E-001 Turbine Trip

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8,610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

0B8R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
2.431E-007 0.41%  3.254E-005

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

ﬁKAc 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)

AFH 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

HP1 2.430E-002 1/2 cCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
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LEGAL NOTICE

"This 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, (I) with respect
to the use of any information, apparatus, method, process, or similar item disclosed in
this report, including merchantability and fitness for a particular purpose, (ll) that such
use does not infringe on or interfere with privately owned rights, including any party’s
intellectual property, or (Ill) 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
report.” .
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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 is considered proprietary. These codes are listed with their
meanings in WCAP-7211.

The proprietary 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, please contact
Westinghouse Electric 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).

m:\2099w.wpf:1d-060595 ii




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 completion
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 report.

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 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 avallable 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 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 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
AOTs for the analog channels, as well as the AOTs for the logic cabinets, master relays, and
slave relays. A probabilistic risk 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 surveillance test intervals for the
analog channels leads to a decrease in inadvertent reactor trips 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
approach 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
mbdeling were implemented to enhance the approach or to remove unnecessary
conservatisms, such as, the common cause modeling approach for analog channels and the
frequency of maintenance activities. The plant specific model used for the risk 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.

Important 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 times, maintenance times, and maintenance frequencies, in addition to information
regarding plant operation, such as, reactor trip and spurious 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 risk 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 to 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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2.0 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 engineering 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 to each of two logic cabinets
which in tum provide signals to their respective reactor trip 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
pverall 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

1 0of 2, 2 of 3, or 2 of 4, as appropriate.

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, etc. 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 is 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 trip condition the
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Figure 2.1

Simplified Diagram of the Reactor Protection System
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corresponding input relay will energize as appropriate, applying a ground to 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 feedwater 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 be 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
trip breakers.

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

The relay logic consists of contacts in a series-parallel arrangement which energize a master
relay when appropriate combinations of contacts are closed, or de-energize a master relay
when the appropriate combinations of contacts are open, depending on the function. The
series-parallel contacts are operated by the 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.

2.2 TEST AND MAINTENANCE ACTIVITIES
This program is concerned 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 is 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 to known inputs, proper
comparator (bistable) settings and proper operation of 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 degraded during test and maintenance activities.

Analog channels: The channels can be tested and maintained in either the bypassed or
tripped state depending on the specific plant hardware capability. If 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 to 2 of 3 depending the initial logic requirement. If tested in the tripped state, the channel is
providing a trip signal to the logic and additional logic then required for actuation changes
from2or3to10of 2 orfrom2 of 4 to 1 of 3. Most plants do not have the installed bypass
test capability (Eagle 21 process protection system or the bypass test panel) so the tripped
state is used.

Logic cabinets: The logic is tested and maintained in 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 to
provided reactor trip function from two breakers. During such activities, the bypass breaker is
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 to maintain the component in operable condition. Both types of
activities impact the component availability.
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3.0 NRC MEETING

A meeting to discuss the program with the NRC was held on July 11, 1994. The NRC was
represented by personnel from the Office of Nuclear Reactor Regulation and the WOG was
represented by personnel from several utilities and Westinghouse Electric Corporation. The
purpose of the meeting was to discuss the following areas of the program:

- overall program approach

- instrumentation allowed outage times and bypass times being considered

- use of WOG TOP RPS and ESFAS instrumentation signal fault tree models as opposed to
IPE instrumentation signal fault tree models

- acceptance criteria

- representative plant for the risk analysis

- information the NRC expects to see in the submittal report

The following summarizes the important points from the meeting:
1. The NRC was receptive to the approach.

2. The RPS and ESFAS instrumentation signal unavailability models from WOG TOP should
be used, as opposed to models from the IPE programs, to facilitate the NRC's revigzw.
The WOG TOP models have already been reviewed by the NRC.

3. The impact on risk related to the AOT and bypass time changes should be
inconsequentially small and not significantly increase the level of importance of the RPS

and ESFAS.

4. The PRA for the "typical" plant used in the risk analysis does not need to be from the lead
plant.

5. The NRC requested that the risk level corresponding to the new AOTs and bypass times
be compared to the risk corresponding to the AOTSs, bypass times, and STls for the
instrumentation prior to WOG TOP and corresponding to the AOTs, bypass times, and
STls justified by WOG TOP.

6. The NRC requested that actual plant RPS and ESFAS instrumentation configurations be
provided in the report. Of particular interest is the time multiple channels are inoperable.

7. The NRC stressed the importance of discussing the positive impact of the changes on
plant safety, such as, reduced number of trips, reduced number of shutdowns, etc.
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These seven items have been incorporated into the analysis and are discussed as appropriate
in the following sections.
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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 periods of time due to changes in personnel response to
completing test and maintenance activities. In addition, information on the number of plant

trips 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
availability 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 plants that have implemented WOG TOP Technical Specification changes, and if so,
the date of the implementation, 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 tripped state. Approximately half of the plants have implemented 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 would be on the times to completé 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 varies from 2 hour to 40 hours and the maximum time varies from 4 hours to
72 hours. With the extended AOTS, 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
Plant | (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
Plant M (2 Units) NR trip SSPS
Plant N (2 Units) no trip Relay
Plant O (2 Units) no trip Relay
Plant P (1 Unit) no trip SSPS

Note: RT - reactor trip

SSPS - solid state protections system

e

ESF - engineered safety features

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

(Typical/Maximum) (Typical/Maximum) Test Time Maint. Time

Plant A (2 Units) 0.75 hr/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
Plant C (2 Units) 8 hi/10 hr 3 hr/6 hr no impact 25% incrs.
Plant D (1 Unit) 4 hr/8 hr 6 hi/8 hr no impact no impact
Plant E (1 Unit) 1.5 hr/3 hr 6 hr/8 hr no impact no impact
Plant F (2 Units) 1 hr/2 hr 6 hr/10 hr no impact no impact
Plant G (1 Unit) 4 hr/4 hr 4 hr/8 hr no impact no impact
Plant H (2 Units) 6 hr/9 hr NR NR NR

Plant 1 (2 Units) NAR 8 hr/48 hr no impact no impact
Plant J (1 Unit) 0.75 hr/3 hr 4.5 hr/8 hr no impact no impact
Plant K (2 Units) 3 hi/7 hr 40 hr/72 hr no impact no impact
Plant L (1 Unit) 2 hi/5 hr 6 hr/8 hr no impact no impact
Plant M (2 Units) 1 hr/4.5 hr 4 hr/10 hr no impact no impact
Plant N (2 Units) NAR NAR no impact no impact
Plant O (2 Units) 3 hr/6 hr 4 hr/8 hr no impact no impact
Plant P (1 Unit) 3 hi/4 hr 2 hr/4 hr no impact 25% incrs.

Notes: NR - no response

NAR - not applicable 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 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 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 to once every 5 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 anticipated 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 varies 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 time to perform maintenance activities
varies from 1 hour to 10 hours and the maximum time varies 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 calls 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 occurs 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
instrumentation test and maintenance activities. The total number of plant startups and
shutdowns are also provided on this table. The information on this table indicates that a
significant number of trips that have occurred are related to instrumentation test and
maintenance activities (>20%), 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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Table 4.3
Survey Summary - Logic Cabinets
(Typical/Maximum) (Typical/Maximum) Test Time Maint. Time
Plant A (2 Units) 1.25 hr/2 hr 2 hr/4 hr no impact no impact
Plant B (1 Unit) 1 h/3 hr 4 hr/8 hr no impact no impact
Plant C (2 Units) 4 hi/6 hr 4 hr/é hr 50% incrs. 50% incrs.
Plant D (1 Unit) 4 hr/6 hr 6 hr/8 hr no impact no impact
Plant E (1 Unit) 1.5 hr/3 hr 3 hr/5 hr no impact no impact
Plant F (2 Units) 1 hr/2 hr 8 hr/24 hr no impact no impact
Plant G (1 Unit) 4 hi/6 hr 4 hr/4 hr no impact no impact
Plant H (2 Units) 1.5 hr/2 hr NR NR NR
_Plant I (2 Units) 4 hr/10 hr 4 hr/10 hr no impact 25% incrs.
Plant J (1 Unit) 2 hr/2 hr 4.5 hi/8 hr 25% incrs. 25% incrs.
Plant K (2 Units) 3 hi/6 hr 4 hr/6 hr no impact no impact
Plant L (1 Unit) 1.5 hr/2 hr no failures no impact no impact
Plant M (2 Units) 1.5 hi/1.5 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 hr/2 hr no impact no impact
Plant P (1 Unit) 2 hr/3 hr 2 hr/4 hr no impact no impact

Notes: NR - no response




% Table 4.4
3 Survey Summary - Reactor Trips
E Reactor Trips
&
. . No.Dueto | No. Due to Controlled
g Plant Number No. During | No.During | . ‘Tost | instru, Maint. StarttPs | shutdowns
¢ of Trips Shutdown Startup 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 0 1 3 32 16
Plant G (1 Unit) .7 0 1 0 1 20 13
o Plant I (2 Units) 1 1 0 2 0] 26 15
o
Plant J (1 Unit) 15 0 0 5 1 18 3
Plant K (2 Units) . 24 4 8 6 6 32 7
Plant L (1 Unit) 9 0 0 0 2 16 5
Plant M (2 Units) 42 0 10 6 1 67 25
Plant N (2 Units) 15 0 3 2 1 39 24
Plant P (1 Unit) 7 1 1 0 1 16 10
Total 209 10 - 30 31 22 342 148

Notes: NA - not available




Table 4.5 provides a summary of the total number of plant shutdowns, and the number of
shutdowns due to Techmcal Specmcatlon related requirements and Technical Specification
instrumentation related requurements This table also provides a summary of the total number
of discretionary enforcements required to avoid shutdowns and the number of discretionary
enforcements required to avoid shutdowns specifically related to Technical Specification
instrumentation issues.

Followup phone calls were held with the utilities that indicated they had to shut down the plant
due to Technical Specification instrumentation issues or avoided a shutdown related to
Technical Specification instrumentation related issues through discretionary enforcements.
The purpose of these followup calls was to determine if an extended AOT for either the logic
cabinets or the analog channels would have helped in avoiding either the shutdown or the
discretionary enforcement. The results from these calls showed that none of the shutdowns
would have been avoided with longer instrumentation AOTs and two discretionary
enforcements may have been avoided.

Table 4.6 provides a summary of miscellaneous information including: 1) the response to the
question conceming multiple channels measuring the same parameter being in either test or
maintenance simultaneously, 2) the percentage of test activities that result in (corrective)
maintenance activities for analog channels and logic cabinets, 3) the time period considered in
response to the survey, and 4) percent time the plant was at-power during this time period. It
is noted from this information that for the vast majority of plants multiple channels measuring
the same parameters are not unavailable simultaneously due to test or maintenance activities.
In addition, the utilities typically responded that 10% or less of the test activities on the
instrumentation lead to corrective maintenance activities.

Information was also requested in the survey on the number of spurious safety injections that
have occurred, if they occurred at-power, during plant startup or plant shutdown, and if they
were related to instrumentation test or maintenance activities. For the 14 sites that responded
to these questions, there have been only six spurious safety injections over the time period of
interest and all have occurred at-power. Four of these six were related to instrumentation test
or maintenance activities, but none would have benefited from extended AOTSs.

As discussed in Section 3, the NRC requested that information regarding the actual plant RPS
and ESFAS instrumentation configurations be included in the report. Of particular interest, is
the time multiple channels are inoperable. Detailed information regarding specific
instrumentation configurations is limited, but some general information was collected and is
summarized as follows:

- Utilities perform test activities on the majority of the analog channels in the tripped state.

Therefore, even though the channel may be unavailable, it is performing its required safety
function and plant safety is not degraded.
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- Typically, test activities in bypass are limited to containment spray. N

- 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 conceming instrumentation configurations
with channels unavailable.

- Itis 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 4.5
Survey Summary - Shutdowns and Discretionary Enforcements
Plant Sonioled | T8 Requreq | TS "pmenaton | Stutdons | Ty Kot
Shutdowns Enforcement Enforcemént

Plant A (2 Units) 16 7 0 7 1
Plant B (1 Unit) 7 1 0 7 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) 0 0 4 2
Plant K (2 Units) 3 0 6 0
Plant L (1 Unit) 0 0 0 0
Plant M (2 Units) 25 10 0 NA NA
Plant N (2 Units) 24 0
Plant P (1 Unit) 10 1
Total 148 33 3 42

Notes: NA - not available
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Survey Summary - Miscellaneous

Table 4.6

Multiple Channels Out

Percentage of Tests

Time Span Included In

Percent Time Plant

Plant A (2 Units) no < 10% 50yr Unit 1 -71%
Unit 2 - 86%
Plant B (1 Unit) no 10% 53 yr 91%
Plant C (2 Units) very rare 10% 4.7 yr 80%
Plant D (1 Unit) no 10% 40 yr 80%
Plant E (1 Unit) NR 5% NR NR
Plant F (2 Units) no 10% 50yr Unit 1 - 80%
Unit 2 - 82%
Plant G (1 Unit) no <5% 48 yr 84%
Plant H (2 Units) NR 1% NR NR
Plant | (2 Units) no 10% 5.7 yr 90%
Plant J (1 Unit) no 4% 38 yr 80%
Plant K (2 Units) ~ no 10% NA 60%
Plant L (1 Unit) NA 25% 5.0 yr 75%
Plant M (2 Units) no 1% 6.0 yr 50%
Plant N (2 Units) no 2-3% 5.7 yr 76%
Plant O (2 Units) no (channel trip only) 10% 50 yr 80%
yes (transmitter 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

Original discussions with the WOG indicated interest in extending the 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 AOTSs being considered for the logic cabinets, master relays, and slave relays
to 24 hours. Based on the results of the plant 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
unavailabilities, several parameters need to be specified for component test and maintenance
unavailabilities. These are the test and maintenance frequencies, and the time to complete
the test and maintenance activities. These are discussed in more detail in the following
paragraphs.

Changes to the reactor trip 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.

5.1 TEST FREQUENCIES AND DURATIONS

The test frequency is 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 (time 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 unavailable or bypassed. For analog channels, the AOT is
the maximum length of time the channel can be unavailable or bypassed prior to 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 tripped 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 envelops the maximum time provided in the ‘l'
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 typical 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 Progfam. It should also be noted that the results of some
preliminary sensitivity analyses, not documented in this repon, indicated that extending the
test or bypass times had a greater impact on the signal unavailability than extending the AOT
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 Specifications, 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 summarized on Tables 5.1 and 5.2.

5.2 MAINTENANCE FREQUENCIES AND DURATIONS ‘]'

Preventive maintenance is usually completed on analog channels and logic cabinets during
refueling outages. Corrective maintenance is 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 to maintenance; so if the test interval is 3 months, then maintenance activities
would typically be done every 30 months, which assumes that the majority of component
failures are usually found via tests. 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 risk. 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 failing on demand. The calculation for “

maintenance unavailability is based on the relay failure rate. This value is significantly less m
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 for the RPS and ESFAS
(Solid State Protection System)

Component

Pre-TOP

TOP

Proposed

- " 1

- Maint. Time' 1 hour 6+6 hours 7246 hours
- Maint. Interval 2 years 2 years 2 years

- Test (bypass) Time 2 hours 4 hours 12 hours

- Test Interval 1 month 3 months 3 months

- Calibration Interval NEAP? NEAP® 18 months
- Calibration Time NEAP® NEAP? 4 hours

0gIC
- Maint. Time' 2 hours 6+6 hours 24+6 hours
- Maint. Interval 18 months 18 months 18 months
- Test (bypass) Time 1.5 hours 4 hours 4 hours
- 2 months 2 months 2 months

Test Interval

2 hours

6+6 hours

2446 hours

- Maint. Interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 1.5 hours 4 hours 4 hours
2 months 2 months 2 months

6+6 hours

- Maint. Time' 2446 hours
- Maint. Interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 4 hours 4 hours 4 hours

3 months 3 months 3 months

B

- Maint. Time 6 hours 6 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 retumed to operable status.

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

3 - Not Evaluated 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)

Pre-TOP TOP

Proposed

3%
At

S e e

P

- Maint. Time' 1 hour 6+6 hours 72+6 hours

- Maint. Interval 2 years 2 years 2 years '
- Test (bypass) Time 2 hours 4 hours 12 hours

- Test Interval 1 month 3 months 3 months

- Calibration Interval NEAP® NEAP? 18 months

- Calibration Time NEAP? 4 hours

% e

T AN

2 hours

1 month

24+6 hours
- Maint. Interval 1 year 1 year 1 year
- Test (bypass) Time 3 hours 8 hours 8 hours

1 month

2

646 hours 2446 hours
- Maint. Interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 3 hours 8 hours 8 hours
- Test Interval . 1 month 1 month 1 month

3 months

- Maint. Time' 6 hours 6+6 hours 2446 hours !
- Maint. Interval see Note 2 see Note 2 see Note 2
- Test (bypass) Time 6 hours 12 hours 12 hours

3 months 3 months

S S

25 %

6 hours

6 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
otes:

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

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

3 - Not Evaluated At-Power (NEAP), in the past this activity has typically be done while shutdown.
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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 approximately 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 failure 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 is available to easily justify an altemate maintenance frequency. From the discussion
in Section 4.0, the frequency of maintenance is 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 failure 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 altemate 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 allowed for maintenance activities, in which the component is unavailable or ﬂ'
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 AOTSs, 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 hours.

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 added to 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. m
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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 trip 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 implementation process, utilities also provided the justification of the
applicability of these changes to other signals not analyzed in WOG TOP. The analysis and
results discussed in the following sections are applicable to all these signals.

Not all the fault trees developed and quantified in the original 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 WOG 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 is from the ESFAS unavailability results in Reference 3.

Reactor trip actuation signals can be grouped, for signal unavailability type analyses, 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 is 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 applicable to digital systems as justified by utilities implementing WOG TOP with the
Eagle 21 process protection system. Only chafiges 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 reliability differently between the two system types.

m:\2099w.wpf: 1d-060195 6-1




6.1 REPRESENTATIVE ENGINEERED SAFETY FEATURES ACTUATION SIGNALS q'

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 isolation, main feedwater isolation, and auxiliary 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 failures included, range from 9.7E-04 to 1.4E-03 for the Pre-TOP case and from
4.8E-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 interlocked 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 m
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 feedwater pump

start on steam generator level low-low in one loop signal which has typical signal unavailabilities

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/slave relay combinations:

1. safety injection included one master reléy per train actuating six slave relays

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

3. auxiliary 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
8.1E-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 pressurizer
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 between the results for the above two cases, and therefore will not be specifically
evaluated.

6.2 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, is used as the signal to represent reactor trip 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-04 for the pre-TOP case and generally range from 1E-04 to 6E-04 for Case 1. The reactor
trip 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 signal to represent reactor trip
signals generated from relay protection systems.

When signal diversity is considered, two or more signals (sets of analog channels) that actuate
reactor trip in response to an event, the source of the signals and the logic required (2 of 3 vs. 2
of 4) are not important contributors 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 trip signal on pressurizer pressure high (2 of 3) or
overtemperature delta T (2 of 4).
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It is also necessary to consider the impact of the AOT and bypass time changes on the signal q'
unavailabilities with credit for operator actions to initiate reactor trip or actuation of the safeguard
features. This is particularly important when assessing the impact of the changes on plant safety.
Typically, the automatic actuation signals are backed up by operator actions to perform the same
function, as in manually initiating reactor trip or safety injection. Therefore, the signal

unavailability analyses also considered the impact of the changes with credit for operator actions.
Operator action credit was only considered for signals generated from the solid state protection

system since these will be used in the risk analysis and will be generally representative of the

impact on the relay type protection systems if crediting operator actions. This is discussed in

more detail in Section 8.0.
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Table 6.1
Summary of Signals Being Considered

Function Cabinet “Logio Shetion
Si (1) SSPS 20f3 no
Sl (1) SSPS 20f 4 no
SI (1) SSPS 20f3 yes
SI (1) SSPS 20f4 yes
SI (1) Relay 20f3 no
St (1) Relay 20f 4 no
AFWPS (2) SSPS 20f3 no-
AFWPS (2) SSPS 20f4 no
AFWPS (2) Relay 20f3 no
AFWPS (2) Relay 20f4 no
RT (3) SSPS 20f3 no
RT (3) SSPS 20f 4 no
RT (4) SSPS Diverse no
RT (3) SSPS 20f3 yes
RT (3) SSPS 20f4 yes
RT (4) SSPS Diverse yes
RT (3) Relay 20f3 no
RT (3) Relay 20f 4 no
RT (4) Relay Diverse no
Notes:

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

AFWPS signal is from steam generator level low-low in one loop.

RT single source signal is from pressurizer pressure high.

RT diverse source signal is from pressurizer pressure high or overtemperature delta T.

6-5






7.0 RPS AND ESFAS SIGNAL UNAVAILABILITY ANALYSIS

As discussed in Section 1.0, the approach used in this analysis is consistent with that used in
WOG TOP (References 1, 2, 3). A fault tree analysis was used to assess the impact of the AOT
and bypass time changes on the unavailability of reactor trip and engineered safety features
actuation signals. These unavailabilities were then used in a risk analysis to determine the impact
on plant safety.

This section of the report presents and discusses the signal unavailability analysis. It includes a
discussion on the approach, assumptions, fault tree models, and the results.

7.1 UNAVAILABILITY ANALYSIS APPROACH

The approach used in this analysis to determine the impact of the changes on signal unavailability
is based on fault trees. The fault trees used are based on those previously developed for WOG
TOP. These fault trees model the unavailability of the signal given a particular signal demand.
The assumptions (see Section 7.2) and data are also consistent with WOG TOP (References 1
and 3). Several changes were made to the details of the approach and these are discussed in
the following paragraphs. Additional fault trees were developed as necessary to model the
addition of operator actions to either manually trip the plant or initiate safety injection. Each fault
tree specifically models and is unique to a particular RPS and ESFAS signal. Fault trees were
developed for each signal noted in Table 6.1. The fault tree models are discussed in Section 7.3.

The analysis included contributions to signal unavailabilities from the following sources:

random failures of components

common cause failures of components
unavailability of components due to testing
unavailability of components due to maintenance
human error

oOr0p =

Included in the fault tree models are the hardware failures, operator actions, and test and
maintenance activities which can lead to signal failure. These are discussed in detail in Section
4.1 of Reference 1.

For the most part, the fault trees do not specifically include component common cause failure
contributions to signal unavailability. This is added by hand calculations after quantification of the
fault trees. The Multiple Greek Letter and Beta Factor common cause approaches are used in
this analysis. This is consistent with the common cause approach used for the trip breakers,
master and slave relays, and logic cabinets in WOG TOP, but is a change in approach for the
analog channels. This change was implemented to improve the approach to account for the
impact of changes in testing frequency on the common cause contributions of combinations of
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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 to maintenance activities are discussed further in the following paragraphs. The approaches
in these two areas have been changed to provide a more representative analysis.

Common Cause 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 considering 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 * m

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 y x (1-8)/3 x no. of common cause cutsets
Failure of 4 of 4 components: Q x B 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 ¥ x no. of common cause cutsets

where: Q - component failure probability

+a,c

The B, v, and & values are for electronic type components.

In determining the common cause contribution of the analog channels it is necessary to determine m
the detection interval for component failures. Failure of some of the components that comprise
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the channels will be detected within a shift, while others will only be detected during the channel
operability test (monthly for Pre-TOP implementation, and quartquy 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.

Component Unavailability Due to Maintenance Activities

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 lead to maintenance activities. The
maintenance interval for reactor trip breakers was left at once per year. Using the component
failure 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 that
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 justification is provided
for assuming a maintenance interval of 18 months)
12 hours is the AOT (6 hours) plus 6 hours to 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 = 6.85E-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 unavailabiliiy (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 AOTSs)

= 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 |

72  ASSUMPTIONS

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

7.2.1 ANALOG CHANNELS | ‘I.

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 models 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 basis.

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. m
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7.22 SOLID STATE PROTECTION SYSTEM

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

1. Testing of the logic prohibits automatic actuation of the entire associated train. This is
consistent with hardware design and is necessary to 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 is consistent with actual practice or conservative.

3. Testing of the reactor trip 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 trip 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 is 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 is 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 varies 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
driving three slave relays

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

7.2.3 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. Items 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 modeled as to
prohibit actuation of the entire associated train. This is consistent with practice 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
is included in the models:

- 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)

7.3  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 to initiate reactor trip or
safety injection. These included: 1) safety injection with the SSPS and 2 of 3 or 2 of 4 channel
logic, 2) reactor trip 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
trip 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 TOP 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.

7.4 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 trip 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 AOTSs, 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 Protection System:

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

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

3. Reactor trip 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.
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Table 7.1

Summary of Safety Injection and Auxiliary Feedwater Pump Start Signal

Unavailabilities - Solid State Protection System

Signal Pre-TOP TOP Proposed

Sl - 2/4 logic w/CCF 1.18E-03 1.40E-03 1.43E-03
Sl - 2/4 logic, w/o CCF 1.52E-04 2.38E-04 2.73E-04
S! - 2/4 logic w/OA, w/CCF 6.88E-04 7.36E-04 7.42E-04
Sl - 2/4 logic w/OA, w/o CCF 4.72E-05 9.41E-05 1.00E-04
Sl - 2/4 logic, 1 train, w/CCF 2.15E-02 2.75E-02 2.89E-02
Sl - 2/4 logic, 1 train w/o CCF 2.14E-02 2.73E-02 2.87E-02
Sl - 2/4 logic, 1 train w/OA, w/CCF 1.84E-02 2.42E-02 2.57E-02
Sl - 2/4 logic, 1 train w/OA, w/o CCF 1.84E-02 2.42E-02 2.57E-02
Sl - 2/3 logic, w/CCF 1.47E-03 2.24E-03 2.92E-03
Sl - 2/3 logic, w/o CCF 2.64E-04 5.57E-04 1.23E-03
Sl - 2/3 logic w/OA, w/CCF 6.91E-04 7.45E-04 7.57E-04
Sl - 2/3 logic w/OA, w/o CCF 4.83E-05 9.73E-05 1.10E-04
Sl - 2/3 logic, 1 train, w/CCF 2.18E-02 2.83E-02 3.04E-02
Sl - 2/3 logic, 1 train, w/o CCF 2.15E-02 2.76E-02 2.97E-02
Sl - 2/3 logic, 1 train w/OA, w/CCF 1.84E-02 2.42E-02 2.57E-02
S! - 2/3 logic, 1 train w/OA, w/o CCF 1.84E-02 2.42E-02 2.57E-02
AFWPS - 2/4 logic, w/CCF 5.91E-04 7.01E-04 7.24E-04
AFWPS - 2/4 logic, w/o CCF 5.98E-05 9.57E-05 1.19E-04
AFWPS - 2/4 logic, 1 train, w/CCF 1.00E-02 1.43E-02 1.57E-02
AFWPS - 2/4 logic, 1 train, w/o CCF 1.00E-02 1.42E-02 1.56E-02
AFWPS - 2/3 logic, w/CCF 7.64E-04 1.14E-03 1.66E-03
AFWPS - 2/3 logic, w/o CCF 1.36E-04 2.50E-04 7.72E-04
AFWPS - 2/3 logic, 1 train, w CCF 1.02E-02 1.47E-02 1.66E-02
AFWPS - 2/3 logic, 1 train, w/o CCF 1.01E-02 1.45E-02 1.64E-02

Sl: Safety Injection

AFWPS: Auxiliary Feedwater Pump Start

CCF: Common Cause Failures

OA: Operator Action
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Table 7.2

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

Signal Pre-TOP TOP Proposed

Sl - 2/4 logic, w/CCF 7.12E-04 9.84E-04 1.02E-03
Sl - 2/4 logic, w/o CCF 8.96E-05 2.23E-04 2.55E-04
Sl - 2/3 logic, w/CCF 1.00E-03 1.82E-03 2.49E-03
Sl - 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

Sl: 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 Pre-TOP TOP Proposed

RT - 2/4 logic, w/CCF 1.20E-04 1.99E-04 2.13E-04
RT - 2/4 logic, w/o CCF 6.47E-06 1.10E-05 2.47E-05
RT - 2/4 logic w/OA, w/CCF 1.79E-05 1.93E-05 1.98E-05
RT - 2/4 logic w/OA, w/o CCF 9.06E-07 1.59E-06 2.08E-06
RT - 2/3 logic, w/CCF 2.94E-04 6.34E-04 1.14E-03
RT - 2/3 logic, w/o CCF 8.31E-05 1.65E-04 6.68E-04
RT - 2/3 logic w/OA, w/CCF 1.96E-05 2.37E-05 2.91E-05
RT - 2/3 logic w/OA, w/o CCF 1.67E-06 3.13E-06 8.61E-06
RT - diverse signals, w/CCF 3.01E-05 3.13E-05 3.23E-05
RT - diverse signals, w/o CCF 1.19E-06 2.42E-06 3.37E-06
RT - diverse signals w/OA, w/CCF 1.70E-05 1.76E-05 1.80E-05
RT - diverse signals w/OA, w/o CCF 8.72E-07 1.52E-06 1.89E-06

RT: Reactor Trip

CCF: Common Cause Failures

OA: Operator Action
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Summary of React

Table 7.4
or 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 2,51E-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: QI'

1. Safety injection signal: representative of the safety injection signal. ‘

2. Auxiliary feedwater pump start signal: representative of the auxiliary feedwater pump start
signal and the main feedwater isolation signal.

3. The signal unavailability results for steamline isolation, containment spray and containment
isolation signals fall between the results for the safety injection and auxiliary feedwater pump
start signals, so they were not specifically evaluated. It will be conservatively assumed that
the representative safety injection signal represents these signals also.

4. Reactor trip on pressurnizer pressure high: representative of all single source reactor trip
signals. .,

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

From Tables 7.1 through 7.4, the following general conclusions are reached. Several of these
conclusions were previously provided in Reference 3.

1. 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.

2. The unavailabilities of engineered safety features and the reactor trip actuation signals with
credit for an alternate actuation by operator action are lower than those corresponding signals

without the operator action. .

3. Common cause failure contributions account for a considerable part of the total signal
unavailability.

4. The increase in signal unavailability, with common cause failure contributions included, from
the TOP Case to the Proposed Case is significantly less than the increase from the Pre-TOP
Case to the TOP Case.

5. The signal unavailabilities and changes in signal unavailabilities between the three cases for
the relay protection system are comparable to or less than the corresponding solid state
protection system signals.

6. The unavailabilities for the auxiliary feedwater pump start signal are lower than the
unavailabilities of the safety injection signal (without operator abtion). As seen in the
discussion below, this is primarily due to the number of master and slave relays modeled in
each of these signals.

contributors, or components, listed separately are the 1) random failures, test, and maintenance of

Tables 7.5 through 7.11 provide a breakdown of the signal unavailability by contributors. The m
the relays (masters and slaves) and logic cabinets, 2) random failures, test, and maintenance of
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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 is 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 is evident by comparing the results provided on
Table 7.5 with those on Table 7.6 for safety injection signals and by comparing 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 signal to
fail. This is evident from a comparison of the results provided on Table 7.8 with those on Table
7.10. It is 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 par, is a backup to the
logic cabinets and analog channels, these components are reduced to small 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 is also concluded from these tables that the primary difference between the unavailability 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 includes one master relay per train
actuating two slave relays. Due to the additional master and slave relays required for the safety
injection signal, there are more component failure combinations that will lead to failure of the
signal. This can be seen from 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 start 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

561090-p1ijdMmesozyvw

Unavailability Contributions
Contributor Pre-TOP Case TOP Case Proposed Case
Unavailability| Percent Unavailability] Percent |Unavailability] Percent
Random failures, test, and maint.
- Relays and logic cabinets 1.51E-04 12.8 2.33E-04 16.6 2.49E-04 17.4
- Analog channels 9.21E-07 0.1 4,50E-06 03 - 2.37E-05 1.6
- Subtotal 1.52E-04 12.9 2.38E-04 16.9 . 2.73E-04 19.0
Common cause failures
~ - Slave relays 5.21E-04 443 5.21E-04 37.2 5.21E-04 36.3
= - Master relays 1.16E-04 9.9 1.16E-04 8.3 1.16E-04 8.1
- Logic cabinets 3.15E-04 26.8 3.15E-04 22.5 3.15E-04 22.0
- Analog channels 7.16E-05 6.1 2.10E-04 15.0 2.10E-04 |* 14.7
- Subtotal 1.02E-03 86.8 1.16E-03 83.0 1.16E-03 81.1
Total 1.18E-03 (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

Breakdown 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 Proposed Case
Unavailability| Percent |Unavailability| Percent |Unavailability! Percent

Random failures, test, and maint.
- Relays and logic cabinets 4.72E-05 6.9 9.41E-05 12.8 1.00E-04 135
- Analog channels 9.21E-09 0.0 4.50E-08 0.0 2.37E-07 0.0
- Subtotal 4.72E-05 6.9 9.41E-05 12.8 1.00E-04 13.5
Common cause failures :
- Slave relays 5.21E-04 75.7 5.21E-04 70.8 5.21E-04 70.2
- Master relays 1.16E-04 16.9 1.16E-04 15.8 1.16E-04 15.6
- Logic cabinets 3.15E-06 0.5 3.15E-06 0.4 3.15E-06 0.4
- Analog channels 7.16E-07 0.1 2.10E-06 0.3 2.10E-06 0.3
- Subtotal 6.41E-04 93.2 6.42E-04 87.3 6.42E-04 86.5
Total 6.88E-04 (1) 7.36E-04 (1) 7.42E-04 4}

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



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

5$61090-PLjdm meso2 W

Contributor Pre-TOP Case TOP Case Proposed Case

Unavailability Percent |Unavailability| Percent |[Unavailability| Percent

Random failures, test, and maint.

- Relays and logic cabinets 5.93E-05 10.0 9.42E-05 13.4 1.06E-04 14.6
- Analog channels 5.21E-07 0.1 1.49E-06 0.2 1.32E-05 1.8
- Subtotal 5.98E-05 10.1 9.57E-05 13.6 1.19E-04 16.4
Common cause failures

~ - Slave relays 1.74E-04 29.5 1.74E-04 24.8 1.74E-04 24.0

> |. 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 37.1 | 2.60E-04 35.9
- Analog channels 3.90E-05 6.6 1.13E-04 16.1 1.13E-04 15.6
- Subtotal 5.31E-04 89.9 6.05E-04 86.3 6.05E-04 83.5
Total 5.91E-04 (1) 7.01E-04 (1) 7.24E-04 1)

Notes: 1 - The total may not equal 100% due to round off.
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Table 7.8

Breakdown of Signal Unavailability Contributors
SSPS Reactor Trip: Pressurizer Pressure High (2/4)

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

Random failures, test, and maint.
- Trip breakers and logic cabinets 5.95E-06 4.9 9.51E-06 4.8 1.15E-05 5.4
- Analog channels 5.21E-07 0.4 1.49E-06 0.7 1.32E-05 < 6.2
- Subtotal 6.47E-06 5.3 1.10E-05 5.5 2.47E-05 11.6
Common cause failures
- Trip breakers 1.60E-05 13.3 1.60E-05 8.0 1.60E-05 7.5
- Logic cabinets 5.90E-05 49.0 5.90E-05 29.6 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 94.7 1.88E-04 94.4 1.88E-04 88.3
Total 1.20E-04 M 1.99E-04 8)) 2.13E-04 4}

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




Table 7.9

Breakdown of Signal Unavailability Contributors

SSPS Reactor Trip: Pressurizer Pressure High (2/4) with Operator Action
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Unavailability Contributions
Contributor Pre-TOP Case TOP Case Proposed Case
Unavailability| Percent |Unavailability| Percent |Unavailability| Percent
Random failures, test, and maint.
- Trip breakers and logic cabinets 9.01E-07 5.0 1.58E-06 8.2 1.95E-06 9.8
- Analog channels 5.21E-09 0.0 1.49E-08 0.1 1.32E-07 0.7
- Subtotal 9.06E-07 5.0 1.59E-06 8.3 2.08E-06 10.5
Common cause failures
~ - Trip breakers 1.60E-05 89.5 1.60E-05 82.8 1.60E-05 80.8
® - Logic cabinets 5.90E-07 3.3 5.90E-07 3.1 5.90E-07 3.0
- Analog cabinets 3.90E-07 22 1.13E-06 5.9 1.13E-06 5.7
- Subtotal 1.70E-05 95.0 1.77E-05 91.8 1.77E-05 89.5
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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Breakdown of Signal Unavailability Contributors

Table 7.10

SSPS Reactor Trip: Pressurizer Pressure High (2/3) or Overtemperature Deita T (2/4)

Contributor

Unavailability Contributions

Pre-TOP Case

TOP Case

Proposed Case

Unavailability] Percent |Unavailability] Percent |Unavailability| Percent
Random failures, test, and maint.
- Trip break.ers and logic cabinets 1.13E-06 3.8 1.92E-06 6.1 2.36E-06 7.3
- Analog channels 2.19E-08 0.1 1.81E-07 0.6 6.96E-07 T 24
- Subtotal 1.15E-06 39 2.10E-06 6.7 3.06E-06 9.4
Common cause failures
- Trip breakers 1.60E-05 53.2 1.60E-05 51.1 1.60E-05 49.6
- Logic cabinets 1.29E-05 42.9 1.29E-05 41.2 1.29E-05 40.0
- Analog cabinets 3.67E-08 0.1 3.15E-07 1.0 3.15E-07 1.0
- Subtotal 2.89E-05 96.2 2.92E-05 93.3 2.92E-05 90.6
Total 3.01E-05 4)) 3.13E-05 1 3.23E-05 1)

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




Table 7.11
Breakdown of Signal Unavailability Contributors
SSPS Reactor Trip: Pressurizer Pressure High (2/3) or Overtemperature Delta T (2/4) with Operator Action

Unavailability Contributions

S61090-P1IdMMEE0RW

Contributor Pre-TOP Case TOP Case Proposed Case

Unavailability Percent Unavailability] Percent Unavailability | Percent

Random failures, test, and maint.

- Trip breakers and logic cabinets 8.72E-07 5.1 1.52E-06 8.6 1.88E-06 | 104
- Analog channels 2.19E-10 0.0 1.81E-09 0.0 "6.96E-09 0.0
- Subtotal 8.72E-07 5.1 1.52E-06 8.6 1.89E-06 10.4
Common cause failures

~ - Trip breakers 1.60E-05 94.1 1.60E-05 90.7 1.60E-05 88.8

S - Logic cabinets 1.29E-07 0.8 1.29E-07 0.7 - 1.29E-07 0.7
- Analog cabinets 3.67E-10 0.0 3.15E-09 0.0 3.15E-09 0.0
- Subtotal 1.61E-05 94.9 1.61E-05 91.4 1.61E-05 89.5
Total 1.70E-05 (1) 1.76E-05 (0} 1.80E-05 m

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




The conclusions regarding diversity of signals and operator action backup to initiate the protective
function are important when assessing the impact of the changes in the signal unavailability on
plant safety. It is important to realize that all of the reactor trip signals are backed up by either a
diverse signal or an operator action, and in many cases by both. This is also true for engineered
safety features actuation signals. Many of these signals, dependent on the specific event being
considered, can be generated by diverse sources or by operator actions. This is further
discussed in Section 8. ’

The cutsets leading to failure of the signal for a sample of safety injection, auxiliary feedwater
pump start, and reactor trip signals are provided in Tables 7.12, 7.13, and 7.14. Table 7.15
provides a key to the basic event identifiers used in these tables. These identifiers correspond to
those in the fault trees in Appendix D. The cutsets provided for the safety injection signal are for
pressurizer pressure low with 2/4 logic interlocked with P-11. The cutsets provided for the
auxiliary feedwater pump start signal are for steam generator level low-low in one loop with 2/4
logic. The cutsets provided for the reactor trip signal are for pressurizer pressure high with 2/4
logic. These cutsets represent more than 90% of the total signal unavailability in each case. ltis
seen from these tables that failure of the master relays, slave relays, logic cabinets, and analog
channels by common cause are the major contributors to signal unavailability.

Based on the results of the unavailability analysis it is concluded that the Technical Specification
changes being considered in this assessment have a minor impact on the availability of the
reactor trip and engineered safety features actuation signals. This is particularly evident for
functions that are backed by either diverse actuation signals or operator actions. It is further
concluded that the impact of the changes on signal unavailability for the SSPS can be used to
represent the impact of the changes on signals generated by the relay protection system. This is
based on a review and comparison of the signal unavailability results for the relay protection
system with the results for the SSPS. Such a comparison 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 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 is concluded that the SSPS results are representative of the relay
protection system results.

7.5 TECHNICAL SPECIFICATION CHANGES FOR SLAVE RELAYS

Current Technical Specifications with TOP implementation require a plant shutdown if the slave
relay is not returned to service after the 6 hour AOT for maintenance (6 hour AOT plus 6
additional hours for the mode change). It is proposed that this AOT be increased to 24 hours (24
hour AOT plus 6 additional hours for the mode change) in this current study. The failure, or
unavailability, of a slave relay will disable a portion of an automatic actuation of one train of a
safety function. Typically, it will not disable the complete function of the train.
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Dominant Cutsets for Signal Failure - Proposed Case
SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interlocked with P-11

5.21E-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
10. 9.45E-06
11. 5.93E-06
12. 5.93E-06

CONOO AN

13. 5.93E-06 *

14. 5.93E-06

15. 3.52E-06
16. 3.52E-06
17. 3.52E-06
18. 3.52E-06

19. 3.52E-06
20. 3.52E-06
21. 3.52E-06
22, 3.52E-06
23. 3.52E-06
24, 3.52E-06
25. 3.52E-06
26. 3.52E-06
27. 3.23E-06
28. 3.23E-06
29. 3.23E-06
30. 3.23E-06
31. 3.23E-06
32. 3.23E-06
33. 3.23E-06
34. 3.23E-06
35. 3.23E-06
36. 3.23E-06
37. 3.23E-06
38. 3.23E-06
39. 3.13E-06
40. 2.35E-06
41, 2.35E-06
42, 2,35E-06
43, 2.35E-06

Table 7.12

CCF: SLAVE RELAYS
CCF: LOGIC CABINETS

CCF: ANALOG CHANNELS

CCF: MASTER RELAYS

SSPSB
SSPS1
MRDM
MRCM
-MRDM
-MRCM
AC1
AC1
AC1
AC2
SRD3MB
SRD2MB
SRD1MB
SRC3MB
SRC2MB
SRC1MB
SRF3MB
SRF2MB
SRF1MB
SRE3MB
SRE2MB
SRE1MB
SSPSB
SSPS1
SSPSB
SSPS1
SSPSB
SSPS1
SSPSB
SSPS1
SSPSB
SSPSH
-SRCIT
SRC1T
SsPsB
MRDMB
MRCMB
MRFMB
MREMB

-TAT
TAT
-MRFM
-MREM
MRFM
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
-TBT
TAT
-TAT
TAT
TAT
AC3
AC4
AC4
AC4
TBT
TBT
TBT
BT
TBT
TBT
-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.

m:\2099w.wpf:1d-060195

7-22

TBT

TBT
-TBT
-TBT




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
11. 4.19E-06
12. 4,19E-06
13. 3.31E-06
14. 3.31E-06
15. 3.31E-06

LN AL

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. 1.57E-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. 7.89E-07
36. 7.89E-07
37. 7.89E-07

, 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)

CCF: LOGIC CABINETS
CCF: SLAVE RELAYS

CCF: ANALOG CHANNELS

CCF: MASTER RELAYS

MRCM
-MRCM
SSPS
SSPSB
MRCM
-MRCM
-SRC1T
SRC1T
AC1
AC1
AC1
AC2
-MRCM
MRCM
SRC1MB
- SRC2MB
SRD2MB
SRD1MB
SSPS
SSPSB
-SRC1T
SRCIT
MRCMB
MRDMB
SSPS
MRCM
-MRCM
MRCM
SRC1MB
SRC2T
SRC2MB
SRC1T
SRC1MB

-MRDM
MRDM
-TAT
TAT
-MRDM
MRDM
MRCM
-MRCM
AG2
AC2
AC3
AC3
SSPS
-MRDM
-TAT
-TAT
TAT
TAT
-SRC2T
SRC2T
SSPS
-SRD1T
-TAT
TAT
SSPSB
-MRDM
MRDM
SRD1MB
-MRCM
SRD2MB
-SRC2T
SRD1MB
-SRCIT

-TAT
TAT
8T

-TBT

-SRC2T
SRC2T
SRD1T

-SRD1T
AC3
AC4
AC4
AC4
MRDM
SSPSB
8T
TBT

-TBT

-TBT
SRD2T

-SRD2T
SRD1T
SSPSB
8T

-TBT

SRD2MB
SRC2MB
-MRDM
MRDM
-SRD2T
SRD2T
-SRD1T
SRD1T

See Table 7.15 for descriptions of basic event identifiers.

m:\2099w.wpf:1d-060195

7-23

TBT
-TBT

SRD2T
-SRD2T
-MRDM

MRDM



Table 7.14

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

1.13E-04

5.90E-05

1.60E-05

3.31E-06
. 8.31E-06

3.31E-06

3.31E-06

5.88E-07

5.88E-07
10. 5.88E-07
11. 5.88E-07
12, 4.25E-07
13. 4.25E-07
14, 4.25E-07
15. 4.25E-07
16. 2.94E-07
17. 2.94E-07
18. 2.94E-07
19. 2.94E-07
20. 2.94E-07
21. 2.94E-07
22, 2.81E-07
23. 2.81E-07
24, 2.55E-07
25, 2.55E-07
26. 2.12E-07
27. 2.12E-07
28. 2.12E-07
29. 2.12E-07
30. 2.12E-07
31. 2.12E-07
32. 2.03E-07
33. 2.03E-07
34. 1.85E-07
35. 1.85E-07
36. 1.44E-07
37. 1.44E-07
38. 1.44E-07
39. 1.44E-07

CEINOOA WM

CCF: ANALOG CHANNELS
CCF: LOGIC CABINETS
CCF: REACTOR TRIP BREAKERS

Bl456 Bl457 Bl458
Bl455 Bl457 BI458
Bl455 BI456 Bl458
Bl455 Bl456 Bl457
-TBT -TBM 8MZ4
-TBT -TBM 815DC
TBT -TAT -TAM
TBT -TAT -TAM
-TBT -TBM 8MZ4
-T8T -TBM -815DC
T8M -TAT -TAM
TBM -TAT -TAM
-TBT -TBM 8GZ1
-TBT -TeM 8GZ2
-T8T -TBM . 8GZ3
TBT -TAT -TAM
8T -TAT -TAM
8T -TAT -TAM
BT 52AM -TAT
MM528B -TBT -TBM
BT 52AC -TAT
CONTS -TBT -TBM
-TBT -TBM 8GZ1
-TBT -TBM 8GZ2
-TBT -TBM 8GZ3
TBM -TAT -TAM
TBM -TAT -TAM
TBM -TAT -TAM
TBM 52AM -TAT
MM52B -TBT -TBM
TBM 52AC -TAT
CONTS -TBT -TBM
8MZ4 OPER1
815DC OPER1
OPER2 88MZ4
OPER2 8815DC

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
8GGZ1
8GGZ2
8GGZ3
-TAM
TAT
-TAM
TAT
TAM
TAM
TAM
8GGZ1
8GGZ2
8GGZ3
-TAM
TAM
-TAM
TAM




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

ACx - analog channel x

Blxxx - 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

MMS52B - reactor trip breaker B mechanical malfunction

OPERT - 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 - train X in maintenance

TXT - train X in test

52AC - reactor trip breaker A contacts shorted

52AM - reactor trip breaker A mechanical malfunction
0 8GZx - card A416X gate Zx failed open (train B)

8GGZx - card A416X gate Zx failed open (train A)

8MZ4 - card A416Z multiplex IC Z4 failed short (train B)

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 AOTs for the components being actuated by the slave
relays are significantly longer than the current 6 hours and even the proposed 24 hours. Many
fluid safety systems that are actuated by the ESFAS have AOTs of 72 hours. In addition, when
the system is unavailable for this period of time, one train of the function is lost, but when the
slave is unavailable, the function is still available and can be initiated by operator action. This
inconsistency is 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 system itself is. unavailable. :

To resolve this inconsistency, it is 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 slave relay has
not been restored within the specific instrumentation AOT (currently 6 hours, 24 hours proposed).
This applies specifically to 1) slave relays that actuate single components, 2) slave relays that
actuate multiple components providing the slave relay failure affects actuation of only a single
component (relay contacts, for example), and 3) muitiple 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. The technical
justification for this, which follows, is based on the small impact this will have on the availability 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 interval. 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 is calculated as follows and assumes d.)
the 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-04/demand x 1 demand/test x 0.1 = 1.0E-05/test

- Additional train or component unavailability:
1.0E-05/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 will still be available for actuation by an
operator.
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8.0 RISK ANALYSIS

As discussed in Section 1.0, the risk analysis is used to determine the impact of the changes to
the AOTs, STls, and bypass times on plant safety. The results 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
is not possible to draw conclusions from this since it is not known how important 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 risk 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 risk model, and results.

8.1 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 primary reasons:

- The IPE models more accurately reflect current plant operation; the system models represent
current plant design, the event evaluations more accurately represent current plant and
operator 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 full complement of
internal events. VEGP is 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 following is the basis for the signals used:
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- The reactor trip signal for condition 1l and Ill 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 trip switches.

- The reactor trip signal for condition IV events is initiated from either one set of analog
channels (no functional diversity is available) or operator action. The operator action models
tripping the reactor from the main control board trip 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 SI from the main control board switches.

In the VEGP PRA, the ESFAS signals are included as part of the support systems model,
primarily for safety injection actuation, or within some of the fault tree models for systems
requiring automatic actuation by the ESFAS, such as auxiliary feedwater system and steamline
isolation. The reactor trip signals were included in the event tree models as appropriate.

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 values 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 is re-quantified with the WESQT Computer
Code (Reference 8) to determine the core damage frequency (CDF) and accident sequences.
WESQT is a software tool used to quantify event trees, summarize 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 importances based on
contribution to core damage frequency. This importance function is defined as:

Importance = (3(CDF of sequences with top event failure)/total CDF) x 100

The baseline case was initially quantified with the signal unavailabilities corresponding to Pre-
TOP allowed outage times, bypass times, and STls. These were followed by quantifications with
the signal unavailabilities for the TOP Case and Proposed Case. The pre-TOP case was
quantified at the request of the NRC (see Section 3.0) and is used as the baseline value for
assessing the impact of the changes on plant safety. The measure used for plant safety in this
analysis is core damage frequency.

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

0.5 trips/year/plant associated with implementing the AOT, bypass time, and STI changes’
recommended in TOP. This is documented in Section 5.1 of Reference 1. Programs have been
implemented since the time the WOG TOP analysis was completed directed at reducing the
number of plant trips. Based on these programs, and with the additional RPS and ESFAS test
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and maintenance experience utilities have developed since then, a plant implementing the TOP
changes at this time may not necessarily 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 0.5/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 stan, etc.) for each event. WOG TOP (Reference 1, Appendix H, Table 2.b-1) provides this
information for reactor trip signals. In addition to the signals listed in this reference, the plant can
also be tripped by the operator 1) from the main control board trip switches, 2) by interrupting
power to 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 to 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 m
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 trip 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 intemal 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 STI 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 event 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 (AOTSs, bypass times, and STis) to the TOP parameters. These values

are broken into contributions from reactor trip signals and engineered safety features signals as O

follows:
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Sources of Reactor Trip Actuation Signals

Table 8.1

Event

Reactor Trip
Actuation Signal

Operation Action

Panels

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 Trip 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 of Instrument Air Diverse Yes
Total Loss of Nuclear 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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Table 8.2

Sourcés of Engineered Safety Features Actuation Signals

Safety Function Event Signal Actuation Source
Safety Injection Large LOCA Nondiverse signal
Medium LOCA Nondiverse signal, OA by S! switch on main control board
Small LOCA Nondiverse signal, OA by SI switch on main control board, OA of

individual components

Interfacing Systems
LOCA

Nondiverse signal, OA by Sl switch on main control board, OA of
individual components

SG Tube Rupture

Nondiverse signal, OA by Sl switch on main control board, OA of
individual components

Secondary Side Breaks

-| Nondiverse signal, OA by SI switch on main control board, OA of

individual components

Auxiliary Feedwater Pump
Start

Events generating S|
signal Transients

Pump actuation on Sl signal
Nondiverse signal, AMSAC, operator action

Main Feedwater Isolation

Secondary Side Breaks

Nondiverse signal

Steamline Isolation

Secondary Side Breaks

Nondiverse signal

Containment Spray All events Nondiverse signal
Actuation

Containment Isolation All events From Sl signal
Containment Cooling All events From Sl signal
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Table 8.3
Summary of Human Error Probabilities for Operator Actions Backing Up Actuation Signals

Operator Action HEP (1) Source

Reactor trip from the main control board trip switches 1E-02 Conservative estimate based on several
IPEs

Reactor trip 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 trip have failed

Safely injection from the main control 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
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Table 8.4

Summary of Results by Core Damage Frequency

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.
5.

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

2/4 Logic 2/3 Logic
Case Change: Change: Change: Change:
CDF (per year) | Referenced to Referenced CDF (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 1.6% - 5.832E-05 2.0% --
Proposed 5.835E-05 2.3% 0.6%* 5.893E-05 3.1% 1.0%*
TOP - Sens. 5.651E-05 -1.0% - 5.683E-05 -0.6% -
Proposed - Sens. 5.683E-05 -0.4% 0.6%"° 5.741E-05 0.4% 1.0%°




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, diverse 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 model plant response to 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 rebovery, 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
importance is of interest since the AFW top event includes the actuation signal, in addition to the
mechanical equipment. From these two tables 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

Importance Measure

System
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% 4.5%
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 1.6% 1.6% 1.6%
Normal Chilled Water System 1.5% 1.5% 1.5%
480 VAC Buses Train A 1.4% 1.4% 1.4%
Hot Leg Recirculation 1.2% 1.2% 1.2%
Normal Charging 0.9% 0.9% 0.9%
125 VDC Buses 0.8% 0.8% 0.8%
Pressurizer PORVs 0.7% 0.7% 0.7%
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G " Table 8.6
System (Top Event) Importance Summary: SSPS with 2 of 3 Logic

. - Importance Measure
' : System "
Pre-TOP TOP Proposed

4160 VAC Power 55.8% 54.8% 54.2% |
Aucxiliary Feedwater 20.5% 20.6% 20.6% ‘
Nuclear Service Cooling Water . 156.5% 156.4% 156.2% 1
CB ESF Electrical Equipment Room HVAC 15.4% 15.1% 15.0% ‘
Reactor Trip 14.1% 14.5% 14.7%
Condensate Feed 11.0% 10.8% 10.7%
Essential Chilled Water System 9.1% 9.0% 8.9%
Turbine Driven Pump 7.3% 7.2% 71%
High Pressure Injection ‘ 6.5% 7.2% 7.6%
PORVs and/or SVS Open 6.5% 6.6% 6.7%

0 High Pressure Recirculation 6.3% 6.2% 6.1%
Containment Cooling Units 6.2% 6.8% 71%
Engineered Safety Features 5.2% 6.6% 7.2%
Component Cooling Water 4.3% 4.4% 4.4%
Low Pressure Injection 3.2% 3.8% 4.2%
Centrifugal Charging Pumps 3.2% 3.3% 3.3%
Safety Injection Pumps 2.7% 2.7% 2.6%
Low Pressure Recirculation 1.9% 2.0% 2.0%
RWST Failure 1.6% 1.6% 1.6%
Normal Chilled Water System 1.5% 1.5% 1.5%
480 VAC Buses Train A 1.4% 1.4% 1.4%
Hot Leg Recirculation 1.2% 1.2% 1.2%
Nomal Charging 0.9% 0.9% 0.9%
125 VDC Buses 0.8% 0.8% 0.8%
Pressurizer PORVs 0.7% 0.7% 0.7%

‘ \
w
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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.

8.4 RISK ASSOCIATED WITH A PLANT SHUTDOWN

One of the benefits of longer 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 AOTSs.

The risk associated with shutting a plant down can be considered to be comprised of two parts;
the power reduction phase that occurs in mode 1 and the changes in operating modes after the
reactor is tripped. The risk 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 trip events have occurred during plant startups and 13 have occurred during
controlled shutdowns. Based on this, the probability of a reactor trip occurring during a startup or
a controlled shutdown can be determined:

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

Probability of reactor trip during a controlled shutdown ‘}
= 10 reactor trip events during controlled shutdown/148 controlled shutdowns = 0.068
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The risk, as measured by core damage frequency, associated with a reactor trip while shutting
down or restarting a plant can be obtained from the VEGP IPE. For a transient event, such as
partial loss 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

IS:

CDF = 3E-06 x (0.088 + 0.068) = 4.7E-07

This value is comparable to the increase in core damage frequency for the Proposed Case, as
compared to the TOP Case, for both the 2 of 4 and 2 of 3 logic configurations. Therefore, the
risk 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 AOTSs. Including the risk for the other phase of shutdown and startup, when
the control rods are in the core, further increases the averted risk values.
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9.0 PROGRAM BENEFITS

The benefits to utilities for the AOT and bypass time changes proposed in this report are
discussed in this section. These include additional 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 AOTSs 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 spurious reactor trips
and spurious actuations of safety equipment.

The longer AOTs and bypass times for the analog channels will provide additional time before
being required to place the channel in trip. With the channel in trip, the logic required to
cause a reactor trip or a safety system actuation is reduced to 1 of 2 (for 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 trip the reactor or cause component actuation.

The longer allowed outage times will provide plant operators additional flexibility in operating
the plant. There will be additional time available before an action needs to be taken to shut
down the plant or place a channel in the tripped state. This additional flexibility will facilitate
prioritizing component repairs. Equipment considered more risk significant than that
generating the RT and ESF actuation signals can be repaired prior to repairing the
instrumentation system.

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 AOTSs 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 altemate signal. With a slave relay unavailable, the current
Technical Specifications with TOP implemented requires the slave relay to be repaired within
6 hours, even though the component the relay is required to actuate could be allowed to be
out of service for up to 72 hours.

Extending the AOTs will result in fewer discretionary enforcements related to inadequate time
to complete component repair activities. This will result in a cost savings for both the NRC
and utilities.
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10.0 CONCLUSIONS

Conclusions were provided in Section 7.4 specifically applicable to availability of RT and ESF
actuation signals. Conclusions were provided in Section 8.3 specifically applicable to the impact
of the proposed changes on plant safety. In addition, a discussion of the results in Section 4 also
lead to several relevant conclusions. The following is a summary of the conclusions that
specifically support changing the AOTs and bypass times to the proposed values listed in Tables
5.1 and 5.2. These conclusions are based on those previously presented and discussed. It is
recommended based on these conclusions, that the AOTs and bypass times be increased to
those in the Proposed Case, that at the discretion of the individual utilities, channel calibrations be
performed while the plant is at-power, and that the slave relay action be modified as noted in

item #11.

1. The proposed changes to the AOTs and bypass times have an insignificant impact on plant
safety. This conclusion applies to signals generated by the solid state and relay protection
systems, from either 2 of 4 or 2 of 3 logic. As seen from Table 8.4, the increase in core
damage frequency is 0.6% in comparison to the TOP Case for 2 of 4 logic and 1% in
comparison to the TOP Case for 2 of 3 logic.

2. The risk averted by eliminating a potential plant shutdown and restart due to the proposed
AOT changes, can offset the increase in risk of the proposed changes due to increased signal
unavailability while at-power.

3. The proposed changes being considered have a minor impact on the availability of the RT
and ESF actuation signals. This is particularly evident for functions that are backed-up by
either diverse actuation signals or operator actions.

4. The impact of the proposed changes on signal unavailability for the SSPS can be used to
represent the impact of the changes on signals generated by relay protection systems.

5. One of the strengths of the reactor protection system is the ability of diverse signals and
operator actions to cause reactor trip and system actuations to mitigate initiating events. This
diversity has been credited in this study.

6. The importance of the reactor trip and engineered safety features actuation signals are
relatively low, and remain low with implementation of the proposed AOT and bypass time
changes.

7. Completing analog channel calibrations at power once every fuel cycle has a negligible impact
plant safety.
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8.

This analysis calculates a significantly lower increase in core damage frequency than the TOP 0
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

11.
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service simultaneously.

Slave relay repair activities that cannot be completed within the 24 hour AOT should not

necessarily 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.

Applicability 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.




11.0 IMPLEMENTATION OF THE PROPOSED TECHNICAL SPECIFICATION CHANGES

The analysis presented and discussed in the previous sections recommends the following:

1.

The AOTs and bypass times provided in Tables 5.1 and 5.2 be incorporated into the RPS and
ESFAS instrumentation Technical Specifications.

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

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".
This applies specifically to 1) slave relays that actuate single components, 2) slave 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 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.

Implementation 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 evaluated 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 applicable to those signals not specifically evaluated in the TOP analysis, but
shown to be applicable through subsequent evaluations. These include:

Reactor trip 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 low

Feedwater isolation on main steam valve vault room water level high

Feedwater isolation on low reactor coolant system Tavg 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
coincident with Si

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

containment sump level high
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In addition, these results are applicable to any signals utilities have independently shown to be
encompassed 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 it 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 signal availability similarly
between the two types of process protection systems.

There are several important analysis details that need to be considered 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 in Section 7.2. The following discusses these additional
details:

1. Maintenance on the master and slave relays, logic cabinets, and analog channels while at-
power is assumed to occur only after a component failure, that is, preventive maintenance
does not occur. This does not preclude 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 channels and logic cabinets where a utility may want to start doing
preventive maintenance at-power instead of during shutdown.

2. ltis assumed that the total test time is used to complete all test activities. If a component is
found to be failed during 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 measuring the same
plant parameter, such as pressurizer pressure, will only randomly be unavailable due to
maintenance simultaneously. It is assumed that utilities will not knowingly remove multiple
channels performing the same function from service at the same time unless the channels
have failed.

4, ltis assumed in the analysis that the AOTs and bypass times for the logic cabinets and
reactor trip breakers are separate and independent. It is also assumed that the logic cabinets
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and trip breakers both cause their train to be unavailable when in test or maintenance.
Therefore, this analysis supports a bypass time for the trip breakers equivalent 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 appropriate
system action statement" is limited as previously noted. This is necessary since PRA models
credit backup mitigation systems that perform similar functions to primary mitigation systems if
the primary mitigation system has failed. 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 is necessary to limit the use of this action as
previously noted.
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APPENDIX A

Proposed Changes to the Standard Technical Specifications
(NUREG-1431. NUREG-0452)

-- to be provided --
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No Significant Hazards Evaluation
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Attachment
WOG Tech Spec Instrumentation Chapter Optimization Progrém

Plant Survey: Introduction

One of the objectives of the Technical Specification Instrumentation Chapter Optimization
Program is to evaluate longer allowed 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 utilities. The second part, as discussed below, will be
provided to a limited number of utilities after reviewing the results of the first part of the
Survey. The utilities that receive the second part will be based on the feedback provided by
you as to 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 RPS 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 to completing test and maintenance activities?
In addition, information on the number of plant trips and controlled shutdowns that will be
averted due to these changes is also required. Part 1 of the survey is subdivided into three
sections. The first section requests information on plant specific implementation of WCAP-
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 to
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 6 of this survey shows the type
of information that wiil be required. At this time only indicate on page 6 if you will be able to
provide this information if asked to do so at a future date. Do not fill out anything else on
page 6 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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WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Su}vev: Part 1

Utility/Plant:

Utility Contact: ‘ Phone Number: _

General Questions:

1. Have you implemented the Technical Specification AOT and STi changes justified in
WRAP-10271 (Evaluation of Surveillance Frequencies and Out of Service Times for the
Reactor Protection System and Engineered Safety Features Actuation System, WOG-
TOP)?
yes/no (circle one); if yes, date implemented:

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

Instrument Channel and Logic Cabinet Unavailability Questions:

1. 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:

2. 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:

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

i. 0%

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

viii. other (please speéify)
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How often are maintenance activities
year, once every five years, etc.)

How often are maintenance activities
once per year, once every five years,

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%

iv. test time would increase by a factor of 2
v. test time would increase by a factor of 4

on logic cabinets required? (estimate as once per

on.a typical analog channel required? (estimate as

etc.)

vi. test time would 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 would not be impacted
ii. testtime would increase by 25%
jii. test time would increase by 50%

iv. test time would increase by a factor of 2
v. test time 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 analog channels, 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%

iii. 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 72 hours

vii. other (please specify)
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9. 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%

iii. 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 hours

vii. other (please specify)

| 10. 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)? [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).

11. If the allowed outage times were extended to 24 hours for logic cabinets, would
additional test or maintenance activities be performed at power? 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).

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. Number of controlled plant shutdowns:

2. Number of Tech Spec required shutdowns:

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

5. Number of shutdowns related to (Tech Spec specified) instrumentation avoided due 0
discretionary enforcement:
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10.

1.

e

13.

14,

15.

Number of startups:

Number of reactor trips:

Number of trips that occurred while in a controlled shutdown:

Number of trips that occurred during startup:

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

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

Number of spurious safety injections related to instrumentation test or maintenance
activities:

number related to test activities:

number related to maintenance activities:

Have 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 retumed to service - if
necessary, attach an additional page providing the information).

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):

Estimated percentage of time the plant was in modes 1 or 2 during this time period:



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 channels were taken out
and returned to service for either test or maintenance activities. Note if the test or
maintenance activity was performed in bypass or trip. If possible, provide this in
chronological order.

If 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.

Suqgested Table for Channel and Logic Unavailability History

Component Time and Date Time and Date Activity Trip or
Remove from Retumned to Performed 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) 374-5099
Mr. G.R. Andre’

ECE MS 4-28

Waestinghouse 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 is "+a,c".
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This appendix provides a summary of the sequences leading to core damage from the accident
sequence quantification. Only the accident sequences that contain failures of reactor trip or
engineering safety feature actuation signals out of the top 100 sequences are provided. These
sequences are provided for the following cases:

Pre-TOP Case: Solid State Protection System, 2 of 4 Signal Logic
TOP Case: Solid State Protection System, 2 of 4 Signal Logic
Proposed Case: Solid State Protection System, 2 of 4 Signal Logic
Pre-TOP Case: Solid State Protection System, 2 of 3 Signal Logic
- TOP Case: Solid State Protection System, 2 of 3 Signal Logic
Proposed Case: Solid State Protection System, 2 of 3 Signal Logic

Note that in some sequences neither RT (reactor trip actuation signal) nor ESF (engineered safety
features actuation signal) shows as a failure. In these sequences, the ESF actuation signal is
included in the auxiliary feedwater (AFW) unavailability value.

For each sequence in each case, the following information is provided:

Number - Sequence number

Frequency - Sequence frequency (per year)

Percent - Percent contribution of the sequence to the total core damage frequency

Sum - Summation of all the sequences up to that sequence number

Event - Top event in the event tree

Value - The value (system unavailability, operator action failure probability, etc.) associated
with the top event

Description - Description of the top event

m:\2099w.wpf:1d-060195 E-2






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

Total plant damage state frequency = 5.706E-005

NUMBER  FREQUENCY  PERCENT  SUM

EVENT VALUE DESCRIPTION
S. 1.204€-0056 2.11%4  9.179£-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
6. 1.148E-006 2.01%  1.033E-005
LospP1 4,100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP YO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO YRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
9. 1.004E-006 1.76%  1.346E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHMPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRY AVAIL- LOSP
17. 5.902E-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- 5 HRS- ALL SUPPORT
0AB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
18. 5.859E-007 1.03%  1.962E-005
Tr 7.300E-001 Turbine Trip
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 QA 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
24, 4,840€E-007 0.85% 2.274E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
25, 4,658€-007 0.82% 2.321E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.850E-002 2/2 MOPs % TOP TO &4/4 SGs FAIL- 5 HRS - ALL SUPPORT
26. 4.434E-007 0.78% 2.365E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 6.880E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
HP1 1.000E+000 2/4 HPls- 2/3 CLEGS- MLO- KO SUPPORT
AFW 1.000E+000 AFW - KO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
ccY 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
27. 4 ,404E-007 0.77%  2.409E-005
PMF 1.500€+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.850E-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- S HRS - ALL SUPPORT




29.

31.

33.

37.

38.

42.

43.

47.

49.

53.

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

4.253e-007 0.75%  2.495E-005

LMF
RT

PLL
OMG
OCR
PPR

5.300E-001 Loss of Main Feedwater Flow

1.7006-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL ROOS

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

4.172e-007 0.73% 2.579E-005

LoseP1
4KAC
AFW
CON
0AB

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

5.470E-002 4160 V AC POMWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.882e-007 0.68% 2.657E-005

PMF
AFW
CON
0AB

1.500E+000 Partial Loss of Main Feedwater Flow

2.710E-005 2/2 MDPs & TOP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.589€-007 0.63% 2.802€-005

SGR
AFY
OAR

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MDPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

3.422€-007 0.60% 2.836E-005

LLo
ESF
LPl
HPI
ccu

3.000E-004 Large Loss of Coolant Accident

1.180E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT

1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

2.809E-007 0.49%  2.954E-005

Loc
RT

PLL
OMG
OCR
PPR

3.500E-001 Loss of Condenser

1.700E-00S REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO IHSERT CONTROL RODS

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

2.799E-007 0.49%  2.982E-005

Losp2
4KAC
AFW
CON
HPR

1.000E-002 Loss of Offsite Power (Dual 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-002 172 CCPs- 1/2 RHR- TR A SPRT FAILS

2.512e-007 0.44%  3.088E-005

LosP1
4KAC
AFW
CON
OAR

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- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.448E-007 0.43%  3.137€-005

LospP2
4KAC
AFW
CON
HPI

1.000E-002 Loss of Offsite Power (Dual Unit)

5.470E-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MOP TQ 2/4 SGs FAIL- 5 HRS- TR B SPRT (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

2.355€-007 0.41%  3.233E-005

17
RT
PLL
OMG
OCR
0BR

7.300E-001 Turbine Trip

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAM 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL ROOS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATION




54,

55.

57.

64.

70.

71.

75.

77.

81.

86.

Pre-TOP Case: Solid State Protection System, 2 of 4 Logic (Cont’d

2.343€-007 0.41%  3.256E-005

PMF
AFW
CON
0AR

1.500€+000 Partial Loss of Main Feedwater Flow

2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs~-1/4 SGs FAIL<-- NO SUPPORT

6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.267€-007 0.40% 3.279€-005

AfW

7.300E-001 Turbine Trip

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

8.850E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORTY

2.143E-007 0.38%4 3.323E-005

17
RT
PLL
OMG
AFH

7.300E-001 Turbine Trip -

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS *

8.850E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.809e-007 0.32% 3.457E-005

LosP1
4KAC
AFW
CON
PZR

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

5.470E-002 4160 V AC POWER BUS A FAIL (NITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT
4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

1.710E-007 0.30% 3.564E-005

LMF
RT

PLL
OMG
OCR
OBR

5.300E-001 Loss of Main Feedwater Flow

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL ROOS

1.550E-001 OA YO ESTABLISH EMERGENCY BORATION

1.646€E-007 0.29% 3.580€-005

LMF
RT

PLL
OMG
OCR
AFY

5.300E-001 Loss of Main Feedwater Flow

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40X

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

8.850E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.556€-007 0.27%  3.644E-005

LMF
RT

PLL
OMG
AFW

5.300E-001 Loss of Main Feedwater Flow

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

8.850E-002 2/2 MDPs & TDP TO 4/4 SGs FAlL- S HRS - ALL SUPPORT

1.482€-007 0.26%X  3.674E-005

SGR
AFW
HPR

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORY
2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

1.429€-007 0.25% 3.732E-005

sLo
ESF
cce
LP1

6.600E-003 Small Loss of Coolant Accident

9.200E-004 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
2.550E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL

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

1.372€-007 0.24% 3.801E-005
LMF
AFW
CoN
0AB

5.300E-001 Loss of Main Feedwater Flow

2.710E-005 2/2 MOPs & TOP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORY
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START S}




87.

89.

97.

98.

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

1.364E-007 0.24% 3.815E-005
SIS 1.700E-001 Safety Injection Signal (Inadv)
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
1.330€-007 0.23% 3.842E-005
PMF 1.500e+000 Partial Loss of Main Feedwater Flow
RY 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
0B8R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
1.168€-007 0.20% 3.941E-005
PMF -1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 6.130E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFW AND HO CRI ALL SUPPORT AVAIL
1.129€-007 0.20% 3.952E-005
Loc 3.500E-001 Loss of Condenser
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 IKITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 CA TO INSERT CONTROL RODS
0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

E-6




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

Total plant damage state frequency = 5.800E-005

NUMBER FREQUENCY PERCENT SUM

5.

16.

18.

24.

25.

26.

27.

EVENT

VALUE DESCRIPTION

1.239€-006 2.14%  9.213E-006

PMF
RY

PLL
OMG
OCR
PPR

1.500E+000 Partial Loss of Main Feedwater Flow

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER 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

1.147€-006 1.98%  1.036E-005

LosPi
4KAC
AFW
CON
HPR

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 MOP TO 2/4 SGs FAIL- 5 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 RHR- TR A SPRT FAILS

9.990E-007 1.72%  1.348E-005

LoseP1
4KAC
AFW
CON
WPl

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

5.470E-002 4160 vV AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (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

6.030e-007 1.04%  1.846€£-005

7.300€-001 Turbine Trip

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER 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

5.899€-007 1.02%  1.965E-005

SGR
AFW
OAB

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MOPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E-002 OA TO ESTAPLISH BLEED AND FEED COOLING

4.981€-007 0.86% 2.278E-005

PMF
RT

PLL
OMG
OCR
0BR

1.500E+000 Partial Loss of Main Feedwater Flow

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

4.825€-007 0.83% 2.326E-005

PMF
RT

PLL
OMG
OCR
AFY

1.500E+000 Partial Loss of Main Feedwater Flow

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

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

4.742E-007 0.82X 2.373E-005

MLO
ESF
KP1
AFH
ccu
ccH

8.000E-004 Medium Loss of Coolant Accident

7.360E-004 EHGIHEERED SAFETY FEATURES TRAINS ARB FAIL (MLO)
1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT

1.000E+000 AFW - NO SUPPORT AVAILABLE

1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
1.000E+000 1/2 CCW TRAINS - NO SUPPORT

4.561E-007 0.79% 2.419E-005

PMF
RT

PLL
OMG
AFY

1.500E+000 Partial Loss of Main Feedwater Flow

1.760E~005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

8.860E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

E-7



28.

31.

32.

364.

37.

42.

43.

47.

s0.

51.

TOP Case: Solid State Protection System, 2 of 4 Logic {Cont’d

4.378€-007 0.75% 2.463E-005

LMF
RT

PLL
OMG
OCR
PPR

5.300E-001 Loss of Main Feedwater Flow

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610£-001 INITIAL POWER 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

4.153g-007 0.72% 2.590E-005

LOSP1
4KAC
AFH
CON
OAB

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

4.059€-007 0.70% 2.631E-005

LLo
ESF
LPI
HPI
ccu

3.000E-004 Large Loss of Coolant Accident

1.400E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
1.000E+000 1/2 RHR PMPs YO 2/3 COLD LEGS- LLO - NO SPRT
1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- MO SUPPORT

1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

3.879E-007 0.67% 2.708E-005

PHMF
AFY
CON
OAB

1.500E+000 Partial Loss of Main Feedwater Flow

2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- RO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.587e-007 0.62% 2.817E-005

SGR
AFW
OAR

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MDPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/O SPRAY

2.891€-007 0.50% 2.971E-005

Loc
RT

PLL
OMG
OCR
PPR

3.500E-001 Ltoss of Condenser

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40X

5.000E-001 OA TO TRIP MG SETS

S.070E-001 OA TO INSERT CONTROL ROOS

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

2.799€-007 0.48% 2.999E-005

Losp2
4XAC
AFW
CON
HPR

1.,000E-002 Loss of Offsite Power (Dual Unit)

5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 COM PMPs-1/4 SGs FAIL-- NO SUPPORT
2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

2.511E-007 0.43%  3.104E-005

Loset
4KAC
AFW
CON
OAR

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 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT

6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.437€-007 0.42% 3.178E-005

Losp2
4KAC
AFW
CON
HP1

1.000E-002 Loss of Offsite Power (Dual Unit)

5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAlL-- NO SUPPORT
2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

2.424E-007 0.42% 3.202E-005

17
RT
PLL
OMG
OCR
0B8R

7.300E-001 Turbine Trip

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL ROOS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

E-8




54.

55.

57.

63.

66.

70.

72.

76.

78.

83.

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

2.348E-

17
RT
PLL
OMG
OCR
AFW

2.342€-

PMF
AFY
CON
0AR

2.220¢-

17
RT
PLL
OMG
AFW

1.879€-

SLo
ESF
cce
LP1

1.801€E-

LosP1
4XAC
AFH
CoN
PZR

1.760€-

LMF
RT

PLL
OMG
OCR
OBR

1.705€-

LMF
RT

PLL
OMG
OCR
AFW

1.612€-

LMF
RT

PLL
OMG
AFY

1.481E-

SGR
AFW
HPR

1.404E-

Sis
RT

PLL
OMG
OCR
PPR

007 0.40%  3.274E-005
7.300E-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL ROOS
8.860E-002 2/2 MDPs & TOP TQ 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.40% 3.297€-005
1.500E+000 Partial Loss of Main Feedwater Flow
2.710E-005 2/2 MDPs & TOP- 2/4 SGs FAIL- S HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

007 0.38%  3.342E-005
7.300€-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.860E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.32%  3.458E-005
6.600E-003 Small Loss of Coolant Accident
1.210E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
2.550E-002 172 CCPs- 3/4 CLEGS- TR B SPRT AVAIL
1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

007 0.31%4  3.513E-005
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- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

007 0.30% 3.584E-005
5.300E-001 Loss of Main Feeduwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATIONM

007 0.29% 3.619E-005
5.300E-001 Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
8.860E-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.28% 3.683E-005
5.300E-001 Loss of Main Feedwater Flow
1.760€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.860E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.26% 3.713e-005
2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 HOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
2.530€-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

007 0.24% 3.785E-005
1.700E-001 Safety Injection Signal (lnadv)
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40X
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
2.690E-001 FULL AFW AKD NO CRI ALL SUPPORT AVAIL
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87.

88.

89.

90.

9.

100.

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

1.376E-007 0.24%  3.840E-005

PMF
RT

OMG
OCR
0BR

1.500E+000 Partial Loss of Main Feedwater Flow

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

1.550Eﬁ001 OA TO ESTABLISH EMERGENCY BORATION

1.373e-007 0.264%  3.854E-005

MLO
ESF
LPR

8.000£-004 Medium Loss of Coolant Accident
2.420E-002 ENGINEERED SAFETY FEATURES TRAIN 8 FAILS (MLO)
8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR A SUPPORT AVAIL

1.371E-007 0.24%  3.867E-005

LMF
AFY
CON
OAB

5.300€-001 Loss of Main Feedwater Flow

2.710E-005 2/2 MOPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL~-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START Si

1.370£-007 0.24% 3.881E-005

MLO
ESF
LPR

8.000E-004 Medium Loss of Coolant Accident
2.420E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
8.040E-003 1/2 RPMPs .CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL

1.293€-007 0.22% 3.934E-005

PMF
RT

PLL
OMG
OCR
AFH
PPR

1.500E+000 Partial Loss of Main Feedwater Flow

1.760E-005 REACTOR TRIP FAILS' (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL ROOS

6.560€-002 TOP TO 2/4 SGs FAILS- 5 HRS = ALL SUPPORT

3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

1.162€-007 0.20% .4.006E-005

Loc
RT

PLL
OMG
0CR
0BR

3.500E-001 Loss of Condenser

1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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Proposed Case: Solid State Protection System, 2 of 4 Loqic

Total plant damage state frequency = 5.835E-005

NUMBER FREQUENCY PERCENT SUM

EVENT VALUE DESCRIPTION
S. 1.265€-006 2.174  9.238E-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-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
6. 1.147€-006 1.97%  1.039£-005
Lose1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 COM PMPs-1/4 SGs FAIL-< NO SUPPORT
HPR 2.800E-002 1/2 CCPs~ 1/2 RHR- TR A SPRT FAILS
9. 9.975€-007 1.71%  1.350E-005
LosP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFY 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRY (NO TRA)
CON 1.000E+000 1/3 COM PMPs-1/4 SGs FAIL-- NO SUPPORT
HP1 2.430E-002 1/2 CCPs~ 3/4 CLEGS- TR B SPRT AVAIL- LOSP
14, 6.155€-007 1.05% 1.728E-005
T 7.300E-001 Turbine Trip
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
PPR 2.690E-001 FULL AFW AND NO CR! ALL SUPPORT AVAIL
18. 5.898€-007 1.01%  1.968E-005
SGR 2.500€-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 HOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
22. 5.084E-007 0.87% 2.182€-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA YO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATIONM
25. 4,939€-007 0.85% 2.331E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
AFW 8.870E-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
26. 4,781E-007 0.82% 2.379£-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.420E-004 ENGINEERED SAFETY FEATURES TRAINS AZB FAIL (KLO)
HP1 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT -
AFW 1.000E+000 AFW - NO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
CccW 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
27. 4.669E-007 0.80% 2.426E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.870E-002 2/2 MDPs & TOP TO &/4 SGs FAIL- 5 HRS - ALL SUPPORT
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34.

37.

41.

43.

47.

48.

51.

28.

31.

32.

Proposed Case:

4 ,469E-007
LMF 5.300E-001 Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610£-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA YO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
4. 146E-007 0.71%  2.598E-005
LosP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC S.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS= TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COQLING -START Sl »
4, 146E-007 0.71%  2.639€-005
LLo 3.000E-004 Large Loss of Coolant Accident
ESF 1.430E-003 ENGINEERED SAFETY FEATURES TRAINS A%B FAIL (LLO)
LePl 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
HP1 1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
3.879€-007 0.66% 2.717€-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START Sl
3.586E-007 0.61% 2.825E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510€-003 2/2 MDPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY
2.951E-007 0.51% 2.950E-005
Loc 3.500E-001 Loss of Condenser
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 CA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
2.798€-007 0.48% 3.007€-005
LoSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
2.511€-007 0.43%  3.113-005
LosP1 4.100E-002 Loss of Offsite Power (Single Unit)
4XAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFY . 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
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.474E-007 0.42%  3.138E-005
7 7.300E-001 Turbine Trip
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS i
0B8R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
2.433€-007 0.42%  3.211E-005
Losp2 1.000E-002 Loss of Offsite Power (Dual Unit)
4XAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (MO TRA)
CON 1.0006+000 1/3 CON PMPs-1/4 SGs FAIL-- KO SUPPORT
HP1 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

Solid State Protection System, 2 of 4 Logic (Cont’'d

0.77%  2.470E-005
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Proposed Case: Solid State Protection System, 2 of 4 Logic (Cont'd)

54. 2.404€E-007 0.41%  3.283€E-005

7 7.300E-001 Turbine Trip

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL ROOS

AFW 8.870E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- S HRS - ALL SUPPORT
SS. 2.342€-007 0.404 3.307€-005

PMF 1.500E+000 Partial Loss of Main Fcedwater Flow

AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
56. 2.272€E-007 0.39%  3.329E-005

17 7.300€-001 Turbine Trip

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

AFW 8.870E-002 2/2 MOPs & TOP 70 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

Y59, 2.003E-007 0.34%  3.393E-005

SLo 6.600E-003 Small Loss of Coolant Accident

ESF 1.290E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)

cce 2.550E-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. 1.798€-007 0.31%  3.524E-005

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

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

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

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

PZR 4.490E-003 1/2 PZR PORVS& BLOCK VLVS FAIL TO OPER- TR B SPRT
69. 1.796E-007 0.31% 3.578E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL ROOS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
71. 1.745€-007 0.30% 3.613E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

RY 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG S5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 8.870E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS = ALL SUPPORT
73. 1.650E-007 0.28%  3.647E-00S

LMF 5.300E-001 Loss of Main Feedwater Flow

RY 1.800€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

AFW 8.870E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
78. 1.481E-007 0.25% 3.726E-005

SGR 2.500E-002 Steam Generator Tube Rupture

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

HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT
80. 1.458€-007 0.25% 3.755£-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 2.570E-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
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81.

83.

85.

90.

92.

98.

Proposed Case: Solid State Protection System, 2 of 4 Logic (Cont’'d . “

1.455€-007 0.25% , 3.770E-005

MLO
ESF
LPR

8.000E-004 Medium Loss of Coolant Accident
2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR 8 SUPPORT AVAIL

b

1.433€-007 0.254 3.798E-005

sIs
RT
PLL
OMG
OCR
PPR '

1.700E-001 Safety Injection Signal (Inadv) ’

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

5.0006E-001 OA TO TRIP MG SETS

5.0706-001 OA TO INSERT CONTROL RODS

2.690E-001 FULL AFW AND KO CRI ALL SUPPORT AVAIL

1.407€-007 0.24%4  3.826€E-005

PMF
RT

OMG
OCR
OBR

1.500E+000 Partial Loss of Main Feedwater Flow

1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

1.370€-007 0.23% 3.896E-005

LMF
AFW
CON
OAB

5.300E-001 Loss of Main Feedwater Flow ¥
2.710E-005 2/2 MDPs & TOP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

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

1.351€-007 0.23%  3.923E-005

PHF
RY

PLL
OMG
OCR
AFM
PPR

1.500E+000 Partial Loss of Main Feedwater Flow
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS
5.070£-001 OA TO INSERT CONTROL RODS

6.700E-002 TOP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

[3

1.215€-007 0.21%  3.998E-005

MLO
ESF
LPI

8.000E-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
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Pre-TOP Case: Solid State Protection System, 2 of 3 Logic

Total plant damage state frequency = 5.717E-005

NUMBER FREQUENCY PERCENT SUM

EVENT VALUE DESCRIPTION

S. 1.203€-006 2.104  9.177E-006
PMF 1.5006+000 Partial Loss of Main Feedwater Flow
RT 1.700£-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POMER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
PPR 2.690E-001 FULL AFW AKD NO CRI ALL SUPPORT AVAIL

6. 1.148€-006 2.01%  1.032E-005
LosP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000£-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 COM PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

9. 1.003€-006 1.76%  1.346E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MOP YO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 COM PHPs-1/4 SGs FAIL-- NO SUPPORY
HP1 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

17. 5.9026-007 1.03%  1.903E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING

18. ' 5.855£-007 1.02% 1.962E-005
18] 7.300E-001 Turbine Trip
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000£-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

264. 4.837€-007 0.85% 2.274E-005
PMF 1.5006+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) = ALL SUPPORT
PLL 8.610E~001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
08R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

25. 4 . 668E-007 0.82%X 2.320E-005
PMF 1.5006+000 Partial Loss of Main Feedwater Flow
RT 1.700£-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
AFW 8.870E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

26. 4.452€-007 0.78% 2.365E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 6.910E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
HP1 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.000E+000 AFW - NO SUPPORT AVAILABLE
ccuy 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT
ccw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT

27. 4,413€-007 0.77%  2.409E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40% .
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.870E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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29.

30.

32.

34.

38.

42.

43,

47,

49.

53.

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

4.262€-007 0.75%  2.495E-005

L 3.000E-004 Large Loss of Coolant Accident

ESF 1.470E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)

LP 1.000€+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT

HP1 1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT

ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
4,251E-007 0.74% 2.538E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

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

PLL 8.610E-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
4.171E-007 0.73% 2.622E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFW 2.000E-G02 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

OAB 1.000E-002 OA TO ESTABL{§H BLEED AND FEED COOLING -START SI
3.881E-007 0.68% 2.699E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

AFW 2.710E-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 COOLING -START SI
3.589€-007 0.63% 2.844E-005

SGR 2.500E-002 Steam Generator Tube Rupture

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/O SPRAY ‘
2.807£-007 0.49%  2.962E-005

Loc 3.500E-001 Loss of Condenser

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

PLL 8.610E-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
2.799€-007 0.49%  2.990E-005

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

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

AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS+ TR B SPRT (NO TRA)

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

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
2.512€-007 0.44%  3.096E-005

LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)

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

AFW 2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)

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

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
2.448E-007 0.43%  3.145E-005

LosSP2 1.000E-002 Loss of Offsite Power (Dual Unit)

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

AFY 2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B8 SPRT (NO TRA)

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

HP} 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAJL- LOSP
2.354E-007 0.41% 3.241E-005

T 7.300E-001 Turbine Trip

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT COMTYROL ROOS -

OBR 1.550E-001 OA TO ESTABLISH EHMERGENCY BORATION
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54.

55.

57.

70.

.

75.

77.

81.

Pre-TOP Case: Solid State Protection System, 2 of 3 Logic {Cont‘d

2.343E-007 0.41%  3.265E-005

PMF
AFH
CON
OAR

1.500E+000 Partial Loss of Main Feedwater Flow

2.710E-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

6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.272€E-007 0.404  3.287€-005

7.300E-001 Turbine Trip

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

8.870E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

2.148E-007 0.38% 3.331E-005

7.300E-001 Turbine Trip

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

8.870£-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.809€-007 0.32%  3.466E-005

Lose1
4KAC
AFW
CoN
PZR

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

S5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs = LOSP)
2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS= TR B SPRT (MO TRA)
1.000E+000 1/3 CON PMPs=-1/4 SGs FAIL-- NO SUPPORT
4.490E-003 1/2 P2ZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

1.709€-007 0.30% 3.572E-005

LMF
RT

PLL
OMG
OCR
0BR

5.300E-001 Loss of Main Feedwater Flow

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL ROOS

1.550E-001 OA TO ESTABLISH EMERGENCY BORATIOM

1.649€-007 0.29% 3.588E-005

LMF
RT

PLL
OMG
OCR
AFW

*5.300E-001 Loss of Main Feedwater Flow

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40X

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

8.870E-002 2/2 MDPs & TDP TO &4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.559€-007 0.27% 3.653E-005

LMF
RT

PLL
OMG
AfW

5.300E-001 Loss of Main Feedwater Flow

1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40X

5.000E-001 OA TO TRIP MG SETS

8.870€-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.482€-007 0.26X 3.683E-005

SGR
AFW
HPR

2.500E-002 Stesm Generator Tube Rupture
2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- S HRS- ALL SUPPORT
2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

1.429€-007 0.25% 3.740E-005

SLo
ESF
cee
LPI

6.600E-003 small Loss of Coolant Accident

9.200E-004 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
2.550E-002 1/2 cCPs- 3/4 CLEGS- TR B SPRT AVAIL

1.000€+000 LPI- 1/2 LPlIs- 3/4 CLEGS- NO SUPPORT

1.371€-007 0.24% 3.810E-005

LHF
AFY
CoN
O0AB

5.300E-001 Loss of Main Feedwater Flow

2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
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Pre-TOP Case: Solid State Protection System, 2 of 3 Logic (Cont’d

87. 1.363€-007 0.24%  3.824E-005

£ & 1.700E-001 Safety Injection Signal (lInadv)
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-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
89. 1.330£-007 0.23% ° 3.850E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
97. 1.172E-007 0.20%  3.949€-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
AFW 6.150E-002 TOP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFW AKD HO CRI ALL SUPPORT AVAIL
98. 1.129€-007 0.20% 3.960£-005
Loc 3.500E-001 Loss of Condenser
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
0B8R 1.550E-001 OA YO ESTABLISH EMERGENCY BORATION
100. 1.089€-007 0.19%  3.982E-005
Loc 3.500E-001 Loss of Condenser
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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Westinghouse Proprietary Class 2C

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

Total plant damage state frequency = 5.832E-005

NUMBER FREQUENCY PERCENT SUM

EVENT VALUE DESCRIPTION
S. 1.237€-006 2.12% 9.208E-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 QA TO INSERT CONTROL ROOS
PPR 2.690E-001 FULL AFW AND KO CRI ALL SUPPORT AVAIL
6. 1.147€-006 1.97% 1.036E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800€-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS
9. 9.986€E-007 1.71%  1.348E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (MITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- S HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HP1 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
1. 6.492E-007 1.11%4  1.729€-005
LLo 3.000E-004 Large Loss of Coolant Accident
ESF 2.240E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
LPI 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
HPI 1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT
Cccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
17. 6.021E-007 1.03%  1.910E-005
111 7.300E-001 Turbine Trip
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERY CONTROL RODS
PPR 2:690E-001 FULL AFW AND HO CRI ALL SUPPORT AVAIL
19. 5.899€-007 1.01%  2.029€-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MDPs & YOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING
25. 4 . 974E-007 0.85% 2.342E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL | 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS
0B8R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
26, 4 ,850€-007 0.83% 2.390E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.910E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
27. 4,798E-007 0.82% 2.438E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.450E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
HPI 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.000E+000 AFW - HO SUPPORT AVAILABLE
ccu 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
ccw 1.000E+000 1/2 CCW TRAINS - NO SUPPORT
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29.

32.

34.

37.

42,

43.

47.

50.

51.

TOP Case: Solid State Protectior; System, 2 of 3 Logic (Cont’d

4.585€-

PMF
RT

PLL
OMG
AFY

4.371€-

LMF
RT

PLL
OMG
OCR
PPR

4.151€-

LospP1
4XAC
AFW
CON
0AB

3.892€-

PMF
AFW
CON
0AB

3.587¢-

SGR
AFW
OAR

2.887€-

Loc
RT

PLL
OMG
OCR
PPR

2.799E-

LOSP2
4KAC
AFW
CON
HPR

2.511E-

LOSP1
4KAC
AFY
CON
OAR

2.436E-

LosP2
4KAC
AFW
CON
HP1

2.420€E-

7
RT
PLL
OMG
OCR
0BR

007 0.79%  2.484E-005
1.500E+000 Partial Loss of Main Feedwater Flow
1.760€-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.910E-002 2/2 MDOPs & TDP TO 4/4 SGs FAIL- 5 HRS = ALL SUPPORT

007 0.75% 2.528E-005
5.300E-001 Loss of Main Feedwater Flow
1.7605-005\REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
S.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL ROOS
2.690E-001 FULL AFW AND NO CRI ALL.SUPPORT AVAIL

007 0.71%  2.655E-005
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- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000€-002 OA TO ESTABLISH BLEED AKD FEED COOLING -START Si

007 0.67% 2.733E-005
1.500E+000 Partial Loss of Main Feedwater Flow
2.720€-005 2/2 MDOPs & TOP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

007 0.62%  2.842E-005
2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MOPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/O SPRAY

007 0.49% 2.995E-005
3.500E-001 Loss of Condenser
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL ROOS
2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

007 0.48% 3.023g-005
1.000E-002 Loss of Offsite Power (Dual Unit)
5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
2.800E-002 172 CCPs- 1/2 RHR- TR A SPRT FAILS

007 0.43% 3.129E-005
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 8 SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

007 0.42% 3.202E-005
1.000£-002 Loss of Offsite Power (Dual Unit)
5.470E-002 4160 V AC POWER BUS A FAIL (MITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (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

007 0.42%  3.226E-005
7.300E-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40X
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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54.

55.

57.

63.

66.

70.

72.

75.

78.

83.

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

2.360E-

7
RT
PLL
OMG
OCR
AFW

2.351€-

PMF
AFW
CON
OAR

a

2.231E-

17
RT
PLL
OMG
AFW

1.879€-

SLo
ESF
cce
LPI

1.800E-

LosP1
4KAC
AFH
CON
PZR

1.757€-

LMF
RT

PLL
OMG
OCR
0BR

1.714E-

LMF
RT

PLL
OMG
OCR
AFY

1.620€-

LMF
RT

PLL
OMG
AFW

1.481€E-

SGR
AFW
HPR

1.402€-

sis
RT

PLL
OMG
OCR
PPR

007 0.40%  3.298E-005
7.300E-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
8.910E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.40% 3.322E-005
1.500E+000 Partial Loss of Main Feedwater Flow
2.720E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- S HRS- ALL SUPPORT
1.000£+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

007 0.38% 3.366E-005
7.300E-001 Turbine Trip .
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORY
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA 1O TRIP MG SETS
8.910E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.32% 3.483E-005
6.600E-003 Small Loss of Coolant Accident
1.210E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
2.550E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL
1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- KO SUPPORT

007 0.314 3.538E-005
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- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
4 .490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

007 0.30% 3.609€E-005
5.300E-001 Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INRITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL ROOS
1.550E~001 OA TO ESTABLISH EMERGENCY BORATION

007 0.29% 3.643E-005
5.300E-001 Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070£-001 OA TO INSERT CONTROL ROOS
8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.28% 3.692E-005
5.300E-001 Loss of Main Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610£-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
8.910E-002 2/2 MDPs & TDP TO &4/4 SGs FAIL- 5 HRS - ALL SUPPORT

007 0.25% 3.738E-005
2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MOPs & TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

007 0.24% 3.809E-005
1.700E-001 Safety Injection Signal (lnadv)
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER 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 KO CRI ALL SUPPORT AVAIL
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TOP Case: Solid State Protection System, 2 of 3 Logic (Cont’ O

87. 1.376€-007 0.24% -3.865E-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

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

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070£-001 OA TO INSERY CONTROL ROOS

0B8R 1.5506-001 OA TO ESTABLISH EMERGENCY BORATION
88. 1.375£-007 0.24% 3.878E-005

LMF 5.300E-001 Loss of Main Feedwater Flow

AFY 2.720€-005 2/2 MDOPs & TOP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

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

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
89. 1.373€-007 0.24% 3.892e-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 2.420E-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
90. 1.370E-007 0.23% 3.906E-005

MLO 8.000E-004 Medium Loss of Coolant Accident

ESF 2.420E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)

LPR . 8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL
94. 1.300€-007 0.22% 3.959€-005

PMF 1.500E+000 Partial Loss of Main Feedwater Flow

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL ROOS

AFW 6.600E-002 TOP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT

PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL
100. 1.161E-007 0.20% 4.031E-005

Loc 3.500E-001 Loss of Condenser

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

PLL 8.610E-001 INITIAL POWER LESS THAN 40%

OMG 5.000E-001 OA TO 'TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL ROOS

0B8R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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Proposed Case: Solid State Protection System, 2 of 3 Logic

Total plant damage state frequency = 5.893E-005

NUMBER FREQUENCY PERCENT SUM

EVENT

W

PMF
RY

PLL
CMG
OCR
PPR

VALUE DESCRIPTION

1.261€-006 2.14%  9.229E-006

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 POWER 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

6. 1.147€-006 1.95% 1.038E-005

LOSP1
4KAC

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 KOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT
2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

9. 9.966E-007 1.69% 1.349E-005

Lose1
4XAC
AFW
CON
HPI

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
2.430E-002 1/2 CCPs- 3/4 CLEGS- YR B SPRT AVAIL- LOSP

1. 8.459€-007 1.44%  1.533€-005

LLo
ESF
LPI
HP}
Ccu

3.000E-004 Large Loss of Coolant Accident

2.920E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
1.000E+000 2/46 HP1s- 2/3 CLEGS- LLO- NO SUPPORT

1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

15. 6.136E-007 1.04%X  1.811E-005

18]
RT
PLL
OMG
OCR
PPR

7.300E-001 Turbine Trip

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

5.000E-001 OA TO TRIP MG SETS

5.070E-001 QA TO INSERT CONTROL RODS

2.690E-001 FULL AFW AND HO CRI ALL SUPPORT AVAIL

19. 5.898E-007 1.00%  2.051€-005

SGR
AFW
0AB

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
1.000E-002 OA YO ESTABLISH BLEED AND FEED COOLING

23. 5.069E-007 0.86% 2.265E-005

PMF
RT

PLL
OMG
OCR
0BR

1.500E+000 Partial Loss of Main Feedwater Flow

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

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

1.550€E-001 OA TO ESTABLISH EMERGENCY BORATION

25. 4.985E-007 0.85X 2.365E-005

PMF
RT

PLL
OMG
OCR
AFW

1.5006+000 Partial Loss of Main Feedwater Flow

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

5.000E-001 OA TO TRIP MG SETS

5.070E-001 OA TO INSERT CONTROL RODS

8.960E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- S HRS = ALL SUPPORT

27. 4.873E-007 0.83% 2.463E-005

MLO
ESF
HPI
AFW
ccu
ccw

8.000E-004 Medium Loss of Coolant Accident

7.570E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
1.000E+000 2/4 HPls- 2/3 CLEGS- MLO- NO SUPPORT

1.000E+000 AFW - NO SUPPORT AVAILABLE

1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- MO SUPPORT
1.000E+000 1/2 CCW TRAINS - NO SUPPORT
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28.

29.

32.

33.

37.

42.

43.

47.

48.

51.

Proposed Case: Solid State Protection System, 2 of 3 Logic {(Cont’d

4.712E-

PMF
RT

PLL
OMG
AFW

4.455€-

LMF
RT

PLL
OMG
OCR
PPR

4.143€-

LOSP1
4KAC
AFW
CON
0AB

3.903E-

PMF
AFW
CON
OAB

3.586€E-

SGR
AFW
OAR

2.942€E-

Loc
RT

PLL
OMG
OCR
PPR

2.798E-

LOSP2
4XAC
AFY
CON
HPR

2.511E-

LOSP1

" 4KAC

AFW
CON
OAR

2.467E-

17
RT
PLL
OMG
OCR
0BR

2.431E-

Losp2
4KAC
AFW
CON
HP1

007 0.80% 2.510€-005
1.500E+000 Partial Loss of Main Feedwater Flow
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40X
S.000E-001 OA TO TRIP MG SETS
8.960E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- S HRS - ALL SUPPORT

007 0.76% . 2.555€-005
5.300E-001 Loss of Main Feedwater Flow
1.800E-005 REACTOR TRiP FAILS (DIVERSE SIGNAL WITH QA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL ROOS
2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

007 0.70% 2.682E-005
4.100E-002 Loss of Offsite Power (Single Unit)
S$.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MOP TO 2/4 SGs FAIL- S HRS- TR B SPRT (KO TRA)
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING ~START SI

007 0.66% 2.721E-005
1.5006+000 Partial Loss of Main Feedwater Flow
2.730E-005 2/2 MDPs & YDP- 2/4 SGs FAIL- S5 HRS- ALL SUPPORT
1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA YO ESTABLISH BLEED AND FEED COOLING ~START St

007 0.61%  2.869€-005
2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

007 0.50% 3.023E-005
3.500E-001 Loss of Condenser
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL ROOS
2.690E-001 FULL AFW ARD KO CRI ALL SUPPORT AVAIL

007 0.47%4 3.051E-005
1.000E-002 Loss of Offsite Power (Dual Unit)
5.470E-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SGs FAIL- 5 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 RHR- TR A SPRT FAILS

007 0.43%  3.156E-005
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 COM PMPs-1/4 SGs FAIL-- NO SUPPORT
6.090E-003 OA TO ESTABLISH HIQH PRESSURE RECIRC (INCLUDES OLP)

007 0.42%  3.180E-005
7.300E-001 Turbine Trip
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

007 0.41%  3.254E-005
1.000E-002 Loss of Offsite Power (Dual Unit)
S.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MOP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- HO SUPPORT
2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
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Proposed Case: Solid State Protection System. 2 of 3 Loagic {(Cont’d

52. 2.426€E-007 0.41X  3.278E-005

17 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%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFYW 8.960E-002 2/2 MOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT !
55. 2.359€-007 0.40%  3.350E-005
PMF 1.5006+000 Partial Loss of Main Feedwater Flow
AFH 2.730E-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
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)
56. 2.293E-007 0.39% 3.373E-005
T 7.300€-001 Turbine Trip
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.960E-002 2/2 MDPs & TDP 7O 4/4 SGs FAIL- S HRS - ALL SUPPORT
59. 2.003€-007 0.34%  3.436E-005
SLO 6.600E-003 Small Loss of Coolant Accident
ESF 1.290€-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
cce 2.550E-002 1/2 CCPs~ 3/4 CLEGS- TR B SPRT AVAIL
LPI 1.0006+000 LPI- 1/2 LPIs~ 3/4 CLEGS- NO SUPPORT
68. 1.797€-007 0.30% 3.604E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- KO SUPPORT
P2R 4 .490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT
69. 1.791E-007 0.30% 3.621E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
0B8R 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
71. 1.761E-007 0.30% 3.657€-005
LMF 5.3006-001 Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG S5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.960E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
73. 1.665E-007 0.28% 3.691E-005
LHF 5.300E-001 Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.960E-002 2/2 MDPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
78. 1.481E-007 0.25% 3.769E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT
80. 1.458€-007 0.25% 3.799E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 2.570E-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
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81.

83.

85.

90.

91.

98.

100.

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

1.455€-007 0.25% 3.813E-005

MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LPR 8.040E-003 1/2 RPHPs CLEG REC 1/3 CL- MLO- TR B SUPPORT AVAIL
1.429E-007 0.24%  3.842E-005
SIS 1.700E-001 Safety Injection Signal (Inadv)
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 IMNITIAL 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
1.406E-007 0.24%  3.870E-005
“ PMF 1.5006+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS !
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
1.379€-007 0.23% 3.939€-005
LMF 5.300E-001 Loss of Main Feedwater Flow
AFW 2.730E-005 2/2 MDOPs & TOP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 CON PMPs~1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START Sl
1.367€-007 0.23%  3.953€-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 6.790E-002 TDP TO 2/4 SGs FAILS- S HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL
1.215E-007 0.21%  4.041€-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LPl 6.660E-003 1/2 RPMPs- 2/3 CLEGS- MLO- TR A SPRT FAILS
1.183E-007 0.20% 4.065E-005
Loc 3.500E-001 Loss of Condenser
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL ROOS

0BR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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