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ROCHESTER GAS ANDELECTRIC CORR7RAT1ON ~ 89 EASTAVENUE, ROCHESTER, N.Y. 146d9-0001 AREA CODE716 546-2700

ROBERT C. MECREDY
Vice President
Nvcteor 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, Sub ject: Applicati on for Amendment to
abaci lity Operating License, Conversion to
Improved Technical Specifications, dated May 26,
1995.

(b) NUREG-1431, Standard Techni cal 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, "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, Proprietary 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.O. 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).

~~.~0
Robert C. Mecredy
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Enclosures

xc: U.S. Nuclear Regulatory Commission
Mr. Allen R. Johnson (Mail Stop 14B2)
PWR Project Directorate I-1
Washington, D.C. 20555

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
Instrument and Controls Branch (Mail Stop 018H3)
Washington, D.C. 20555

U.S. Nuclear Regulatory Commission (w/o enclosures)
Region I
475 Allendale Road
King of Prussia, PA 19406

Ginna Senior Resident Inspector (w/o enclosures)

Mr. Jim Andrachek (w/o enclosures)
Westinghouse Electric Company
Energy Center East 4-1
4350 Northern Pike
Monroeville, PA 15146-2886

Mr. Donald Hoffman (w/o enclosures)
EXCEL Services Corporation
11921 Rockville Pike
Suite 100
Rockville, MD 20852

Mr. Lee Bush (w/o enclosures)
Chairman, WOG Licensing Group
Zion Nuclear Station
101 Shiloh Boulevard
Zion, IL 60099
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WCAP-14333-P >9506300265

PROBABILISTIC RISK ANALYSIS OF
THE RPS AND ESFAS TEST TIMES

AND COMPLETION TIMES

May 1995

J.D. Andrachek
G.R.

Andre'.L.

Haessler
R.C. Howard

This document is the property of and contains proprietary information owned by Westinghouse
Electric Corporation and/or its subcontractors and suppliers. It is transmitted to you in
confidence and trust, and you agree to treat this document in strict accordance with the terms
and conditions of the agreement under which it was provided to you.

Westinghouse Electric Corporation
Nuclear Technology Division

P.O. Box 355
Pittsburgh, PA 15230-0355

1 995 Westinghouse Electric Corporation
All Rights Reserved
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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, (II) that such
use does not infringe on or interfere with privately owned rights, including any party'
intellectual property, or (III) that this report is suitable to any particular user's
circumstance; or

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 deleted in the unclassified version of this report
(WCAP-14334-NP).

mA2052w.wpf:1d460595



Westinghouse ProprietaIy Class 2C

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 opeI'ational 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.

mh2052w.wpf:1d460595
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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

modeling were implemented to enhance the approach or to remove unnecessary
consefvatisms, 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

mA2052w.wpf:1d453095
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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 prbvide 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.

mA2052w.wpf:1d453095 1-2
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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 turn 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 turns 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

m:4052w.wpf:1d453095 2-1
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Figure 2.1
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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 turn 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 MAINTENANCEACTIVITIES

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

mA2052w.wpf:1d453095 2-3
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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
from 2 or 3 to 1 of 2 or from 2 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 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 Suwey 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

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant G (1 Unit)

Plant H (2 Units)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

TOP Implementation

yes (9/94)

yes (9/86, RT & 10/91, ESF)

yes (8/94)

yes (2/90)

no

no

no

no

yes (8/94)

yes (10/86)

yes (5/90)

no

NR

no

no

no

Test in Trip/Bypass

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

Type of Logic Cabinet

SSPS

SSPS

SSPS

SSPS

Relay

SSPS

Relay

SSPS

Relay

SSPS

SSPS

SSPS

SSPS

Relay

Relay

SSPS

(D
Vl

C3

O
M
CD

0
O
D
CP

$D

O
M
M
h3
O

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

ESF - engineered safety features
Relay - relay protection system



Table 4.2
Survey Summary - Analog Channels

Plant

Plant A (2 Units)

Time to Perform Tests
(Typical/Maximum)

0.75 hr/3 hr

Time to Perform
Maintenance

(Typical/Maximum)

12 hr/24 hr

Test Time

no impact

Maint. Time

no impact

Impact of AOT Extension

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant 6 (1 Unit)

Plant H (2 Units)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

Notes: NR- no response

4 hr/12 hr

8 hr/10 hr

4 hr/8 hr

1.5 hr/3 hr

1 hr/2 hr

4 hr/4 hr

6 hr/9 hr

NAR

0.75 hr/3 hr

3 hr/7 hr

2 hr/5 hr

1 hr/4.5 hr

NAR

3 hr/6 hr

3 hr/4 hr

NAR - not applicable response

4 hr/12 hr

3 hr/6 hr

6 hr/8 hr

6 hr/8 hr

6 hr/10 hr

4 hr/8 hr

NR

8 hr/48 hr

4.5 hr/8 hr

40 hr/72 hr

6 hr/8 hr

4 hr/10 hr

NAR

4 hr/8 hr

2 hr/4 hr

no impact

no impact

no impact

no impact

no impact

no impact

NR

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

25% incrs.

no impact

no impact

no impact

no impact

NR

no impact

no impact

no impact

no impact

no impact

no impact

no impact

25% incrs.

CD
V)

CO

O
C
Vl
CD

0
O

$D

O

Co

IQ
O
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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 evep 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 evenj 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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V
4

6
I Plant Time to Perform Tests

(Typical/Maximum)

Time to Perform
Maintenance

(Typical/Maximum)

Table 4.3
Survey Summary - Logic Cabinets

Test Time Maint. Time

Impact of AOT Extension

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant 6 (1 Unit)

Plant H (2 Units)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

Notes: NR - no response

1.25 hr/2 hr

1 hr/3 hr

4 hr/6 hr

4 hr/6 hr

1.5 hr/3 hr

1hr/2hr '

hr/6 hr.

1.5 hr/2 hr

4 hr/10 hr

2 hr/2 hr

3 hr/6 hr

1.5 hr/2 hr

1.5 hr/1.5 hr

3 hr/4 hr

2 hr/2 hr

2 hr/3 hr

2 hr/4 hr

4 hr/8 hr

4 hr/6 hr

6 hr/8 hr

3 hr/5 hr

8 hr/24 hr

4 hr/4 hr

NR

4 hr/10 hr

4.5 hr/8 hr

4 hr/6 hr

no failures

not done at-power

10 hr/12 hr

1 hr/2 hr

2 hr/4 hr

no impact

no impact

50% incrs.

no impact

no impact

no impact

no impact

NR

no impact

25% incrs.

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

50% incrs.

no impact

no impact

no impact

no impact

NR

25% incrs.

25% incrs.

no impact

no impact

not done at-power

no impact

no impact

no impact

CD
Ul

D
CO

O
C
Co
CD

O'O

fD

0
N
tQ
O



Table 4.4
Survey Summary - Reactor Trips

Plant

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant F (2 Units)

Plant G (1 Unit)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant P (1 Unit)

Total

Number
of Trips

16

17

19

16

15

24

42

15

209

No. During
Shutdown

0

10

Reactor Trips

No. During
Startup

10

30

No. Due to
Instru. Test
Activities

31

No. Due to
lnstru. Maint.

Activities

22

Startups

32

17

NA

27

32

20

26

18

32

16

67

39

16

Controlled
Shutdowns

,16

NA

13

15

25

24

10

148

CD
V)

D
CO

O
C
U)
CD

U
O
O

F

0
Vl
Q
0)
lQ
O

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 discretional
enforcements may have been avoided.

Table 4.6 provides a summary of miscellaneous information including: 1) the response to the

question concerning 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 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 concerning instrumentation configurations
with channels unavailable.

It is not common practice to have multiple channels measuring the same parameter out of
service simultaneously. The Technical Specifications address this situation and require a

plant shutdown.

e
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Table 4.5
Survey Summary - Shutdowns and Discretionary Enforcements

Plant

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant F (2 Units)

Plant G (1 Unit)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant P (1 Unit)

Total

Controlled
Shutdowns

16

NA

16

13

15

25

24

10

148

TS Required
Shutdowns

3

10

33

TS Instrumentation
Required

Shutdowns

Shutdowns
Avoided Discret.

Enforcement

42

TS Instr. Shutdowns
Avoided due to

Discret.
Enforcement

NA

CD

CO

O

CD

U
O'o
CD

CD

0

lQ
O

Notes: NA - not available



Table 4.6
Survey Summary - Miscellaneous

Plant

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant G (1 Unit)

Plant H (2 Units)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

Notes: NA - not available

Multiple Channels Out
of Service At the

Same Time

no

no

very rare

no

NR

no

no

NR

no

no

no

NA

no

no

no (channel trip only)
yes (transmitter work)

no

NR - no response

Percentage of Tests
that Lead to
Maintenance

10%

1P%

10%

10%

5%

10%

(5%

1%

1P%

4%

10%

25%

1%

2-3%

10%

( 10%

Time Span Included In
Survey

5.0 yr

5.3 yr

4.7 yr

4.0 yr

NR

5.0 yr

4.8 yr

NR

5.7 yr

3.8 yr

NA

5.0 yr

6.0 yr

5.7 yr

5.0 yr

5.9 yr

Percent Time Plant
At-Power

Unit 1 - 71%
Unit 2 - 86%

91%

90%

80%

Unit 1 - 80%
Unit 2 - 82%

84%

NR

90%

80%

60%

75

50%

76%

80%

82%

CD
0)

D
CO

O
U)
CD

0
O'O

0
Ol
Co

ro
O
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5.0 TECHNICALSPECIFICATIONS 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 suey, 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.

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
preliminanJ 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 MAINTENANCEFREQUENCIES 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 evep 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:

e

illb ~ d h h lyi t d b

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 STls for the RPS and ESFAS

(Solid State Protection System)

Component Pre-TOP TOP Proposed

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

- Calibration Interval

- Calibration Time

1 hour

2 years

2 hours

1 month

NEAP
NEAP'+6

hours

2 years

4 hours

3 months

NEAP

NEAP

72+6 hours

2 years

12 hours

3 months

18 months

4 hours

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

2 hours

18 months

1.5 hours

2 months

6+6 hours

18 months

4 hours

2 months

24+6 hours

18 months

4 hours

2 months

:.Master., Re lags:.'.;.;',.:s:g>'.,::.5 ',(xi)::,::::::wj'..':;.„";:jk;,.v'"..gAa).'g$i:::.:.,:Nwj..'.;Ngg

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

2 hours

see Note 2

1.5 hours

2 months

6+6 hours

see Note 2

4 hours

2 months

24+6 hours

see Note 2

4 hours

2 months

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

2 hours

see Note 2

4 hours

3 months

6+6 hours

see Note 2

4 hours

3 months

24+6 hours

see Note 2

4 hours

3 months

- Maint. Time

- Maint. Interval

- Test Time

- Test Interval

6 hours

1 year

2 hours

2 months

6 hours

1 year

2 hours

2 months

6 hours

1 year

2 hours

2 months
o es:

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

2 - Maintenance interval is based on the component failure rate.
3 - Not 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 STls for the RPS and ESFAS

(Relay Protection System)

TOP

1 hour

Component Pre-TOP

- Maint.Time'+6 hours

Proposed

72+6 hours

- Maint. Interval

- Test (bypass) Time

- Test Interval

- Calibration Interval

- Calibration Time

2 years

2 hours

1 month

NEAP

NEAP

2 years

4 hours

3 months

NEAP

NEAP

2 years

12 hours

3 months

18 months

4 hours

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

2 hours

1 year

3 hours

1 month

6 hours

see Note 2

3 hours

1 month

6+6 hours

1 year

8 hours

1 month

6+6 hours

see Note 2

8 hours

1 month

24+6 hours

1 year

8 hours

1 month

24+6 hours

see Note 2

8 hours

1 month

e

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

6 hours

see Note 2

6 hours

3 months

6+6 hours

see Note 2

12 hours

3 months

24+6 hours

see Note 2

12 hours

3 months

- Maint. Time

- Maint. Interval

- Test Time

- Test Interval

6 hours

1 year

2 hours

2 months

6 hours

1 year

2 hours

2 months

6 hours

1 year

2 hours

2 months
oes:

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

2 - Maintenance interval is based on the component failure rate.
3 - Not 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.

~Mt '.Ml lib lith phd h th lplbdbl pbl
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.

Ml Pld lith p ~ d h h bl p l lth
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 alternate maintenance frequency. From the discussion
in Section 4.0, the frequency of maintenance is reported to be at most once evep 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.

Ml Plb lith pd d h h ll M d b

inoperable, following a test or an event that would cause an actuation. Therefore, the
maintenance interval is related to the probability of a channel failing to function on demand. A
detailed data collection has not been performed on the channels and no similar data is available
to easily justify an alternate maintenance frequency. From the discussion in Section 4.0, the

frequency of maintenance is reported to vary from once evenj 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 50k. 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. e

e
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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 changes 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 ACTUATIONSIGNALS

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
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 auxilianJ 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 signaI 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.
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Table 6.1
Summary of Signals Being Considered

Function

SI (1)

SI (1)

SI (1)

SI (1)

SI (1)

SI (1)

Logic
Cabinet

SSPS

SSPS

SSPS

SSPS

Relay

Relay

Channel
Logic

2 of 3

2of4
2 of 3

2of4
2 of 3

2of4

Operator
Action

no

no

yes

yes

no

no

AFWPS (2)

AFWPS (2)

AFWPS (2)

AFWPS (2)

SSPS

SSPS

Relay

Relay

2of3
2of4
2of3
2of4

no

no

no

no

RT (3)

RT (3)

RT (4)

RT (3)

RT (3)

RT (4)

RT (3)

RT (3)

RT (4)

SSPS

SSPS

SSPS

SSPS

SSPS

SSPS

Relay

Relay

Relay

2 of 3

2of4
Diverse

2 of 3

2of4
Diverse

2 of 3

2of4
Diverse

no

no

no

yes

yes

yes

no

no

no

Notes:
1. Sl signal is from pressurizer pressure low interlocked 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 UNAVAILABILITYANALYSIS

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 UNAVAILABILITYANALYSISAPPROACH

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:

1. random failures of components
2. common cause failures of components
3. unavailability of components due to testing
4. unavailability of components due to maintenance
5. human error

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

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 P x y x (1-5)/3 x no. of common cause cutsets
Failure of 4 of 4 components: Q x P x y x 5 x no. of common cause cutsets
Failure of 2 of 3 components: Q x P x (1-y)/2 x no. of common cause cutsets
Failure of 3 of 3 components: Q x f3 x y x no. of common cause cutsets

where: Q - component failure probability

P
- Beta factor = 0.08

y - Gamma factor = 0.33
5 - Delta factor = 0.52

+S,C

The P, y, and 5 values are for electronic type components.

In determining the common cause contribution of the analog channels it is necessary to determine
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.

Com onent Unavailabili 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 intewals. 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 ='.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 AOTs)

= 5.29E-07 failures/hour x 12 hours/failure = 6.35E-06
where: 5.29E-07 is the relay failure rate (Reference 3)

12 hours is the AOT (6 hours) plus 6 hours to enter next specified mode if
the component is not returned to service

Master relay unavailability (TOP AOTs)

= 5.29E-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 0-
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.

mh2052w.wpf:1d453095 7-4



Westinghouse Proprietary Class 2C

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.

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 UNAVAILABILITYANALYSIS

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

Sl - 2/4 logic w/CCF

Sl - 2/4 logic, w/o CCF

Sl - 2/4 logic w/OA, w/CCF

Sl - 2/4 logic w/OA, w/o CCF

Sl - 2/4 logic, 1 train, w/CCF

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

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

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

Sl - 2/3 logic, w/CCF

Sl - 2/3 logic, w/o CCF

Sl - 2/3 logic w/OA, w/CCF

Sl - 2/3 logic w/OA, w/o CCF

SI - 2/3 logic, 1 train, w/CCF

SI - 2/3 logic, 1 train, w/o CCF

Sl - 2/3 logic, 1 train w/OA, w/CCF

SI - 2/3 logic, 1 train w/OA, w/o CCF

AFWPS - 2/4 logic, w/CCF

AFWPS - 2/4 logic, w/o CCF

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

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

AFWPS - 2/3 logic, w/CCF

AFWPS - 2/3 logic, w/o CCF

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

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

Pre-TOP

1.18E-03

1.52E-04

6.88E-04

4.72E-05

2.15E-02

2.14E-02

1.84E-02

1.84E-02

1.47E-03

2.64E-04

6.91E-04

4.83E-05

2.18E-02

2.15E-02

1.84E-02

1.84E-02

5.91E-04

5.98E-05

1.00E-02

1.00E-02

7.64E-04

1.36E-04

1.02E-02

1.01E-02

TOP

1.40E-03

2.38E-04

7.36E-04

9.41E-05

2.75E-02

2.73E-02

2.42E-02

2.42E-02

2.24E-03

5.57E-04

7.45E-04

9.73E-05

2.83E-02

2.76E-02

2.42E-02

2.42E-02

7.01E-04

9.57E-05

1.43E-02

1.42E-02

1.14E-03

2.50E-04

1.47E-02

1.45E-02

Proposed

1.43E-03

2.73E-04

7.42E-04

1.00E-04

2.89E-02

2.87E-02

2.57E-02

2.57E-02

2.92E-03

1.23E-03

7.57E-04

1.10E-04

3.04E-02

2.97E-02

2.57E-02

2.57E-02

7.24E-04

1.19E-04

1.57E-02

1.56E-02

1.66E-03

7.72E-04

1.66E-02

1.64E-02

Sl: Safety Injection
AFWPS: Auxiliary Feedwater Pump Start
CCF: Common Cause Failures
OA: Operator Action

mh2052w.wpf:1d453095 7-8



Westinghouse Proprietary Class 2C

Table 7.2
Summary of Safety injection and Auxiliary Feedwater Pump Start Signal

Unavailabilities - Relay Protection System

Signal

Sl - 2/4 logic, w/CCF

Sl -2/4 logic, w/o CCF

Sl - 2/3 logic, w/CCF

Sl - 2/3 logic, w/o CCF

AFWPS - 2/4 logic, w/CCF

AFWPS - 2/4 logic, w/o CCF

AFWPS - 2/3 logic, w/CCF

AFWPS - 2/3 logic, w/o CCF

Pre-TOP

7.12E-04

8.96E-05

1.00E-03

2.01E-04

7.19E-05

3.87E-06

2.45E-04

8.00E-05

TOP

9.84E-04

2.23E-04

1.82E-03

5.39E-04

1.51E-04

8.70E-06

5.85E-04

1.62E-04

Proposed

1.02E-03

2.55E-04

2.49E-03

1.20E-03

1.61E-04

1.88E-05

1.09E-03

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

RT - 2/4 logic, w/CCF

RT - 2/4 logic, w/o CCF

RT - 2/4 logic w/OA, w/CCF

RT - 2/4 logic w/OA, w/o CCF

RT - 2/3 logic, w/CCF

RT - 2/3 logic, w/o CCF

RT - 2/3 logic w/OA, w/CCF

RT - 2/3 logic w/OA, w/o CCF

RT - diverse signals, w/CCF

RT - diverse signals, w/o CCF

RT - diverse signals w/OA, w/CCF

RT - diverse signals w/OA, w/o CCF

Pre-TOP

1.20E-04

6.47E-06

1.79E-05

9.06E-07

2.94E-04

8.31E-05

1,96E-05

1.67E-06

3.01E-05

1 ~ 19E-06

1.70E-05

8.72E-07

TOP

1.99E-04

1.10E-05

1.93E-05

1.59E-06

6.34E-04

1.65E-04

2.37E-05

3.13E-06

3.13E-05

2.42E-06

1.76E-05

1.52E-06

Proposed

2.13E-04

2.47E-05

1.98E-05

2.08E-06

1.14E-03

6.68E-04

2.91E-05

8.61E-06

3.23E-05

3.37E-06

1.80E-05

1.89E-06

RT: Reactor Trip
CCF: Common Cause Failures
OA: Operator Action
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Table 7.4
Summary of Reactor Trip Signal Unavailabilities

Relay Protection System

/'ignal

RT - 2/4 logic, w/CCF

RT -2/4 logic, w/o CCF

RT - 2/3 logic, w/CCF

RT - 2/3 logic, w/o CCF

RT - diverse signals, w/CCF

RT - diverse signals, w/o CCF

Pre-TOP

7.78E-05

4.01E-06

2.51E-04

8.02E-05

2.29E-05

3.65E-06

TOP

1.57E-04

8.87E-06

5.91E-04

1.62E-04

2.73E-05

8.10E-06

Proposed

1.69E-04

2.16E-05

1.09E-03

6.65E-04

2.89E-05

9.70E-06

RT: Reactor Trip
CCF: Common Cause Failures
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Relay Protection System:
1. Safety injection signal: representative of the safety injection 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

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 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 (2l4) Interlocked with P-11

Unavailability Contributions

Contributor

Random failures, test, and maint.

Pre-TOP Case

Unavailability Percent

TOP Case Proposed Case

Unavailability Percent Unavailability Percent

- Relays and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Slave relays

- Master relays

- Logic cabinets

- Analog channels

- Subtotal

Total

1.51E-04

9.21E-07

1.52E-04

5.21E-04

1.16E-04

3.15E-04

7.16E-05

1.02E-03

1.18E-03

12.8

0.1

12.9

44.3

9.9

26.8

6.1

86.8

2.33E-04

4.50E-06

2.38E-04

5.21E-04

1.16E-04

3.15E-04

2.10E-04

1.16E-03

1.40E-03

16.6

0.3

16.9

37.2

8.3

22.5

15.0

83.0

2.49E-04

2.37E-05

2.73E-04

5.21E-04

1.16E-04

3.15E-04

2.10E-04

1.16E-03

1.43E-03

17.4

19.0

36.3

8.1

22.0

14.7

81.1

CD
Co

QD

O
Co
CD

0
O
O

$D

Q
V)
Q
V)

O

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



Table 7.6
Breakdown of Signal Unavailability Contributors

SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interlocked with P-11 with Operator Action

Contributor

Random failures, test, and maint.

Pre-TOP Case

Unavailability Percent

Unavailability Contributions

TOP Case

Unavailability Percent

Proposed Case

Unavailability Percent

- Relays and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Slave relays

- Master relays

- Logic cabinets

- Analog channels

- Subtotal

Total

4.72E-05

9.21E-09

4.72E-05

5.21E-04

1 ~ 16E-04

3.15E-06

7.16E-07

6.41 E-04

6.88E-04

6.9

0.0

6.9

75.7

16.9

0.5

0.1

93.2

9.41E-05

4.50E-08

9.41E-05

5.21E-04

1.16E-04

3.15E-06

2.10E-06

6.42E-04

7.36E-04

12.8

0.0

12.8

70.8

15.8

0.4

0.3

87.3

1.00E-04

2.37E-07

1.00E-04

5.21E-04

1.16E-04

3.15E-06

2.10E-06

6A2E-04

7.42E-04

13.5

0.0

13.5

70.2—

15.6

0.4

0.3

86.5

0)
U)

(D

O
C
M
Q
D

O'o

Q
V)
fD

N
FO
O

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



Table 7.7
Breakdown of Signal Unavailability Contributors

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

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Relays and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Slave relays

- Master relays

- Logic cabinets

- Analog channels

- Subtotal

Total

5.93E-05

5.21E-07

5.98E-05

1.74E-04

5.79E-05

2.60E-04

3.90E-05

5.31E-04

5.91E-04

10.0

0.1

10.1

29.5

9.8

44.0

6.6

89.9

9.42E-05

1.49E-06

9.57E-05

1.74E-04

5.79E-05

2.60E-04

1.13E-04

6.05E-04

7.01E-04

13.4

0.2

13.6

24.8

8.3

37.1

16.1

86.3

1.06E-04

1.32E-05

1.19E-04

1.74E-04

5.79E-05

2.60E-04

1.13E-04

6.05E-04

7.24E-04

14.6

16.4

24.0

8.0

35.9

15.6

83.5

V)

(D

O
0)
(D

0
O'o

0
0)
Vl
IQ
O

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)

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Unavailability Percent Unavailability Percent Unavailability Percent

Random failures, test, and maint.

- Trip breakers and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Trip breakers

- Logic cabinets

- Analog cabinets

- Subtotal

Total

5.95E-06

5.21E-07

6.47E-06

1.60E-05

5.90E-05

3.90E-05

1.14E-04

1.20E-04

4.9

0.4

5.3

13.3

49.0

32.4

94.7

9.51E-06

1.49E-06

1.10E-05

1.60E-05

5.90E-05

1 ~ 13E-04

1.88E-04

1.99E-04

4.8

0.7

5.5

8.0

29.6

56.8

94.4

1.15E-05

1.32E-05

2.47E-05

1.60E-05

5.90E-05

1.13E-04

1.88E-04

2.13E-04

5.4

6.2

11.6

7.5

27.7

53.1

88.3

8
(0

D
Q3

O
Ul
(D

0
O

CD

O
Ch
$D

M
IQ
O

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

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Trip breakers and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Trip breakers

- Logic cabinets

- Analog cabinets

- Subtotal

Total

9.01E-07

5.21E-09

9.06E-07

1.60E-05

5.90E-07

3.90E-07

1.70E-05

1.79E-05

5.0

0.0

5.0

89.5

3.3

2.2

95.0

1.58E-06

1.49E-08

1.59E-06

1.60E-05

5.90E-07

1.13E-06

1.77E-05

1.93E-05

8.2

0.1

8.3

82.8

3.1

5.9

91.8

1.95E-06

1.32E-07

2.08E-06

1.60E-05

5.90E-07

1.13E-06

1.77E-05

1.98E-05

9.8

0.7

10.5

80.8

3.0

5.7

89.5

CD
0)

D
CO

O
C
0)
CD

U
O

CD

fD

O
Q
M
0)
IQ
O

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



l

Table 7.10
Breakdown of Signal Unavailability Contributors

SSPS Reactor Trip: Pressurizer Pressure High (2/3) or Overtemperature Delta T (2/4)

Contributor

Random failures, test, and maint.

Pre-TOP Case

Unavailability Percent

Unavailability Contributions

TOP Case

Unavailability Percent

Proposed Case

Unavailability Percent

- Trip breakers and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Trip breakers

- Logic cabinets

- Analog cabinets

- Subtotal

Total

1.13E-06

2.19E-08

1.15E-06

1.60E-05

1.29E-05

3.67E-08

2.89E-05

3.01E-05

3.8

0.1

3.9

53.2

42.9

0.1

96.2

1.92E-06

1.81E-07

2.10E-06

1.60E-05

1.29E-05

3.15E-07

2.92E-05

3.13E-05

6.1

0.6

6.7

51.1

41.2

1.0

93.3

2.36E-06

6.96E-07

3.06E-06

1.60E-05

1.29E-05

3.15E-07

2.92E-05

3.23E-05

7.3

2.1

9.4

49.6

40.0

1.0

90.6

CD
U)

QD

0
Co
CD

O

CD

fD

Q
CD
0)
Co

lQ
O

Notes: 1 - The total may not equal 100% due to round off.
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6
5
I Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

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

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Trip breakers and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Trip breakers

- Logic cabinets

- Analog cabinets

- Subtotal

Total

8.72E-07

2.19E-10

8.72E-07

1.60E-05

1.29E-07

3.67E-10

1.61 E-05

1.70E-05

5.1

0.0

5.1

94.1

0.8

0.0

94.9

1.52E-06

1.81E-09

1.52E-06

1.60E-05

1.29E-07

3.15E-09

1.61E-05

1.76E-05

8.6

0.0

8.6

90.7

0.7

0.0

91.4

1.88E-06

6.96E-09

1.89E-06

1.60E-05

1.29E-07

3.15E-09

1.61E-05

1.80E-05

10.4

0.0

10.4

88.8

0.7

0.0

89.5

6
U)

(D

0

Gl

0
O

O

U)

fQ
O

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 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. It is

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 TECHNICALSPECIFICATION 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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Table 7.12
Dominant Cutsets for Signal Failure - Proposed Case

SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interlocked with P-11

2.
3.
4.
5.
6.
7.
8.
9
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

35.
36.
37.
38.
39.
40.
41.
42.
43.

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
9.45E-06
5.93E-06
5.93E-06
5.93E-06
5.93E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.13E-06
2.35E-06
2.35E-06
2.35E-06
2.35E-06

CCF: SLAVE RELAYS
CCF: LOGIC CABINETS
CCF: ANALOG CHANNELS
CCF: MASTER RELAYS
SSPSB -TAT
SSPS1 TAT
MRDM -MRFM
MRCM -MREM

-MRDM MRFM
-MRCM MREM
AC1 AC2
AC1 AC2
AC1 AC3
AC2 AC3
SRD3MB -TAT
SRD2MB -TAT
SRD1MB -TAT
SRC3MB -TAT
SRC2MB -TAT
SRC1MB -TAT
SRF3MB TAT
SRF2MB TAT
SRF1MB TAT
SRE3MB TAT
SRE2MB TAT
SRE1MB TAT
SSPSB -SRD3T
SSPS1 SRD3T
SSPSB -SRD2T
SSPS1 SRD2T
SSPSB -SRD1T
SSPS1 SRD1T
SSPSB -SRC3T
SSPS1 SRC3T
SSPSB -SRC2T
SSPS1 SRC2T

-SRC1T SSPSB
SRC1T -SRE1T
SSPSB SSPS1
MRDMB -TAT
MRCMB -TAT
MRFMB TAT
MREMB TAT

TBT
-TBT
-TAT
-TAT
TAT
TAT
AC3
AC4
AC4
AC4
TBT
TBT
TBT
TBT
TBT
TBT

-TBT
-TBT
-TBT
-TBT
-TBT
-TBT
SRF3T

-SRF3T
SRF2T

-SRF2T
SRF1T

-SRF1T
SRE3T

-SRE3T
SRE2T

-SRE2T
SRE1T
SSPS1

TBT
TBT

-TBT
-TBT

TBT
TBT

-TBT
-TBT

See Table 7.15 for descriptions of basic event identifiers.
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Table 7.13
Dominant Cutsets for Signal Failure - Proposed Case

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

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

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
4.19E-06
4.19E-06
4.19E-06
3.31E-06
3.31E-06
3.31E-06
3.31E-06
2.78E-06
2.78E-06
2.35E-06
2.35E-06
2.35E-06
2.35E-06
2.21E-06
2.21E-06
2.21E-06
2.21E-06
1.57E-06
1.57E-06
1.46E-06
9.91E-07
9.91E-07
9.91E-07
9.91E-07
7.89E-07
7.89E-07
7.89E-07
7.89E-07

CCF: LOGIC CABINETS
CCF: SLAVE RELAYS
CCF: ANALOG CHANNELS
CCF: MASTER RELAYS
MRCM -MRDM

-MRCM MRDM
SSPS -TAT
SSPSB TAT
MRCM -MRDM

-MRCM MRDM
-SRC1T MRCM
SRC1T -MRCM
AC1 AC2
AC1 AC2
AC1 AC3
AC2 AC3

-MRCM SSPS
MRCM -MRDM
SRC1MB -TAT
SRC2MB -TAT
SRD2MB TAT
SRD1M8 TAT
SSPS -SRC2T
SSPSB SRC2T

-SRC1T SSPS
SRC1T -SRD1T
MRCMB -TAT
MRDMB TAT
SSPS SSPSB
MRCM -MRDM

-MRCM MRDM
MRCM SRD1MB
SRC1MB -MRCM
SRC2T SRD2MB
SRC2MB

' -SRC2T
SRC1T SRD1MB
SRC1MB -SRC1T

-TAT
TAT
TBT

»TBT
-SRC2T
SRC2T
SRD1T

-SRD1T
AC3
AC4
AC4
AC4
MRDM
SSPSB
TBT
TBT

-TBT
-TBT
SRD2T

-SRD2T
SRD1T
SSPSB
TBT

-TBT

SRD2MB
SRC2MB

-MRDM
MRDM

-SRD2T
SRD2T

-SRD1T
SRD1T

TBT
-TBT

SRD2T
-SRD2T
-MRDM
MRDM

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.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

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
5.88E-07
5.88E-07
4.25E-07
4.25E-07
4.25E-07
4.25E-07
2.94E-07
2.94E-07
2.94E-07
2.94E-07
2.94E-07
2.94E-07
2.81E-07
2.81E-07
2.55E-07
2.55E-07
2.12E-07
2.12E-07
2.12E-07
2.12E-07
2.12E-07
2.12E-07
2.03E-07
2.03E-07
1.85E-07
1.85E-07
1.44E-07
1.44E-07
1.44E-07
1A4E-07

CCF: ANALOG CHANNEL
CCF: LOGIC CABINETS
CCF: REACTOR TRIP BR
BI456 BI457
BI455 BI457
BI455 B1456
BI455 BI456

-TBT -TBM
-TBT -TBM
TBT -TAT
TBT -TAT

-TBT -TBM
-TBT -TBM
TBM -TAT
TBM -TAT

-TBT -TBM
-TBT -TBM
-TBT -TBM
TBT -TAT
TBT -TAT
TBT -TAT
TBT 52AM
MM52B -TBT
TBT 52AC
CONTS -TBT

-TBT -TBM
-TBT -TBM
-TBT -TBM
TBM -TAT
TBM -TAT
TBM -TAT
TBM 52AM
MM52B -TBT
TBM 52AC
CONTS -TBT
SMZ4 OPER1
815DC OPER1
OPER2 88MZ4
OPER2 8815DC

EAKERS
BI458
BI458
BI458
BI457
SMZ4
815DC

-TAM
-TAM
SMZ4
815DC

-TAM
-TAM
SGZ1
SGZ2
SGZ3

-TAM
-TAM
-TAM
-TAT
-TBM
-TAT
-TBM
SGZ1
SGZ2
SGZ3

-TAM
-TAM
-TAM
-TAT
-TBM
-TAT
-TBM

TAT
TAT
SSMZ4
8815DC
TAM
TAM
SSMZ4
8815DC
TAT
TAT
TAT
SGGZ1
SGGZ2
8GGZ3

-TAM
TAT

-TAM
TAT
TAM
TAM
TAM
SGGZ1
SGGZ2
SGGZ3

-TAM
TAM

-TAM
TAM

See Table 7.15 for descriptions of basic event identifiers.
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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
OPER1 - operator error in aligning bypass trip breaker A
OPER2 - operator error in aligning bypass trip breaker B

SRxxMB - slave relay xx mechanically bound
SRxxT - slave relay xx in test
SSPSB - solid state protection system train B

SSPS1 - solid state protection system train A
TxM - 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)

8GGZx - card A41 6X gate Zx failed open (train A)
8MZ4 - card A416Z multiplex IC Z4 failed short (train B)
88MZ4 - card A41 6Z multiplex IC Z4 failed short (train A)
815DC - loss of 15V DC to card A416X (train B)
881 5DC - loss of 15V DC to card A41 6X (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 8 Brumfield MDR. The data does not show a strong correlation
between the failure probability and test intewal. For the following calculations, the failure
probability is assumed to be 1.0E-04/demand.

h

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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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 ANALYSISAPPROACH

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

operator action to initiate Sl from the main control board switches.

In the VEGP PRA, the ESFAS signals are included as part of the support systems model,

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 necessafy. 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 = (X(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 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 ACTUATIONSIGNALS

In assessing the impact of the change in unavailability of the reactor trip and engineered safety
feature actuation signals on plant safety, it is necessary to consider the possible signals that will
be available to actuate reactor trip and the safety functions (safety injection, auxiliary feedwater
pump start, etc.) for each event. WOG TOP (Reference 1, Appendix H, Table 2.b-1) provides this
information for reactor 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
necessafy, each required components by following the appropriate emergency operating
procedures. Operator actions can also be used to actuate other protective features, e.g., auxiliary
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feedwater pump start, main feedwater isolation, steamline isolation, by following the appropriate

emergency operating procedures. The ability of the reactor trip and safety features to be actuated ~
by more that a single set of signals or by an operator action is one of the strengths of the

protection system.

These backup signals need to be considered when assessing the impact of the signal
unavailability increases on plant safety. Table 8.1 provides a summary of the sources of signals,
in terms of diversity and operator action availability, for reactor 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 internal initiating events, the accident sequences that comprise the core damage
frequency, and the top event or system importance factors are all discussed to varying degrees in

the following for the Pre-TOP Case, Top Case and Proposed Case. In addition, similar
information for the two sensitivity cases involving the TOP Case and Proposed Case is provided.

As noted Section 8.1, the sensitivity cases involved reducing the transient initiator frequency by
0.5 trips/year. This is based on the expected benefits as determined in WOG TOP for
implementing the AOT, bypass time, and 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/o 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/o and 3.6/o 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

Large LOCA

Medium LOCA

Small LOCA

Event Reactor Trip
Actuation Signal

Not Required

Not Required

No ndiverse

Operation Action

Yes

-

Steam Generator Tube Rupture

Interfacing Systems LOCA

Reactor Vessel Rupture

Secondary Side Break
Inside Containment

Secondary Side Break
Outside Containment

Positive Reactivity Insertion

Loss of Reactor Coolant Flow

Loss of Main Feedwater Flow

Partial Loss of Main Feedwater Flow

Loss of Condenser

Turbine Trip

Reactor Trip

Spurious Safety Injection Signal

Inadvertent Opening of a Steam Valve

Primary System Transient

Loss of Offsite Power

Station Blackout

Loss of Instrument Air

Total Loss of Nuclear Service Cooling
Water

Loss of 125 VDC Bus

Loss of Two 120V Vital AC Instrument
Panels

Nondiverse

Not Required

Not Required

Nondiverse

Nondiverse

Diverse

Diverse

'iverse

Diverse

Diverse

Diverse

Generated by RPS

Diverse

Diverse

Diverse

Not Required by RPS

Not Required by RPS

Diverse

Nondiverse

Diverse

Diverse

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Safety Function

Safety Injection

Event

Large LOCA Nondiverse signaI

Signal Actuation Source

Table 8.2
Sources of Engineered Safety Features Actuation Signals

Auxiliary Feedwater Pump
Start

Main Feedwater Isolation

Steamline Isolation

Containment Spray
Actuation

Containment Isolation

Containment Cooling

Medium LOCA

Smail LOCA

Interfacing Systems
LOCA

SG Tube Rupture

Secondary Side Breaks

Events generating Sl
signal Transients

Secondary Side Breaks

Secondary Side Breaks

All events

All events

All events

Nondiverse signaI, OA by Sl switch on main control board

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

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

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

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

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

Nondiverse signal

Nondiverse signal

Nondiverse signal

From Sl signal

From Sl signal

0)

C3

O

(D

0
O

fD

Q
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0 0
Table 8.3

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

Operator Action

Reactor trip from the main control board trip switches

Reactor trip by interrupting power from the motor-generator
sets given that the operator failed to trip by the control board
switches

Manually insert the control rods into the core given the
previous operator actions to trip have failed

Safety injection from the main control board switches

Safety injection by manual actuations of individual components

Auxiiianj feedwater pump start

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

HEP (1)

1E-02

5E-01

5E-01

1E-02

2E-03

2E-02

Source

Conservative estimate based on several
IPEs

VEGP IPE (2)

VEGP IPE (2)

Conservative estimate based on several
IPEs

VEGP IPE (2)

VEGP IPE (2)

CD
V)

CO

O
Co
CD

U
O

O

Co
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O



Table 8.4
Summary of Results by Core Damage Frequency

Case

Pre-TOP

TOP

CDF (per year)

5.706 E-05

5.800E-05

2l4 Logic

Change:
Referenced to

Pre-TOP

1.6%

Change:
Referenced

to TOP
CDF (per year)

5.71 7E-05

5.832E-05

2jr3 Logic

Change:
Referenced to

Pre-TOP

2.0%

Change:
Referenced

to TOP

Proposed

TOP - Sens.

Proposed - Sens.

5.835 E-05

5.651 E-05

5.683E-05

2.3%

-1.0%

-0 4%

06%

0 60/

5.893E-05

5.683E-05

5.741 E-05

31%

-0.6%

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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O
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2 of 4 logic

2 of 3 logic

ESF signals = 2.4% (Reference 3, Appendix N)

RT signals = 0.3% (Reference 3, Appendix D)

Total = 2.7%
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 primafy 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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Table 8.5
System (Top Event) Importance Summary: SSPS with 2 of 4 Logic

System
Pre-TOP

Importance Measure

TOP Proposed

4160 VAC Power

Auxiliary Feedwater

Nuclear Service Cooling Water

CB ESF Electrical Equipment Room HVAC

Reactor Trip

Condensate Feed

Essential Chilled Water System

Turbine Driven Pump

PORVs and/or SVS Open

High Pressure Injection

High Pressure Recirculation

Containment Cooling Units

Engineered Safety Features

Component Cooling Water

Centrifugal Charging Pumps

Low Pressure Injection

Safety Injection Pumps

Low Pressure Recirculation

RWST Failure

Normal Chilled Water System

480 VAC Buses Train A

Hot Leg Recirculation

Normal Charging

125 VDC Buses

Pressurizer PORVs

55 9%

20.5%

15.5%

15 4%

14.2%

11.0%

9 1ol

7.3%

6.5

6.4%

6.3%

6.0%

5.P

4.3%

3.2%

3.0%

2.7%

1 9'/

1.6%

1.5%

1 4o/

1.2%

0 9'/

0.8%

P.7

55.1%

20.6%

15 4%

15.2%

14 5ol

10 9'/

90%

7.2%

6.6%

6.8%

6.2%

63%

6.2%

4.4%

3.3%

3.4%

2.7%

2.0%

1 5o/

1 4o/

1.2%

0.9%

08%

07%

54.7%

20.7%

15 4'l

15.1%

14.7%

10.8%

90%

7.2%

6 7'l

6.8%

6.2%

6 4'/

6 4'l

4.5%

33%

35%

2.7%

2.0%

1.6%

1.5%

1.4%

1.2%

09%

0.8%

0.7%
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Table 8.6
System (Top Event) Importance Summary: SSPS with 2 of 3 Logic

System

4160 VAC Power

Auxiliary Feedwater

Nuclear Service Cooling Water

CB ESF Electrical Equipment Room HVAC

Reactor Trip

Condensate Feed

Essential Chilled Water System

Turbine Driven Pump

High Pressure Injection

PORVs and/or SVS Open

High Pressure Recirculation

Containment Cooling Units

Engineered Safety Features

Component Cooling Water

Low Pressure Injection

Centrifugal Charging Pumps

Safety Injection Pumps

Low Pressure Recirculation

RWST Failure

Normal Chilled Water System

480 VAC Buses Train A

Hot Leg Recirculation

Normal Charging

125 VDC Buses

Pressurizer PORVs

Pre-TOP

55 8%

20.5%

15 5%

15 4%

14.1%

11.0%

9.1%

7.3%

6.5%

6 5'/

63%

6.2%

52%

4.3%

3.2%

3.2%

2.7%

1.9%

1.6%

1 5o/

1.4

1.2%

P 9%

0.8%

0.7%

Importance Measure

TOP

54.8%

20.6%

15 4%

15.1%

14 5%

10.8%

9 P%

7.2%

72%

6.6%

6.2%

6.8%

6.6%

44%

3.8%

3.3%

27%

2 Oo/

1 6o/

1 5o/

1 4o/

1.2%

P 9%

0.8%

0.7%

Proposed

54.2%

20.6%

15.2%

15.0%

14 7%

10.7%

8.9%

7.1%

76%

6 7'/

6.1%

7 1o/

72%

4.4%

4.2%

3.3%

2.6%

20%

1.6%

1.5%

1 4o/

1.2%

P9

0.8%

07%
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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 suwey 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 AOTs. 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 AOTs for the master and slave relays, logic cabinets, and analog channels will

promote improved maintenance practices that will provide improved component performance,

improved availability of the protection system, and a reduced number of spurious reactor trips

and spurious actuations of safety equipment.

availability of other signals or operator action to tnp the reactor or cause component actuatio

3. 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 flexibilitywill facilitate

priontizing 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.

2. 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
n.

4. Extending the AOTs for the instrumentation begins to address an inconsistency in the
Technical Specifications related to AOTs between the ESF actuation signals and the

components the signals actuate. In many cases, the systems actuated by the ESFAS signals
have AOTs significantly greater than those for the ESFAS. The unavailability of a single train

of the ESFAS does not necessarily cause the system the signal actuates to also be
unavailable. For most events, these systems can still be actuated by operator actions'to

mitigate the event or by an alternate signal. With a slave relay unavailable, the current
Technical Specifications with TOP implemented requires the slave relay to be repaired within

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.

5. 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 ¹11.

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 eveiy 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.

9. 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 multiple components providing the affected components are all in the
same train of a single system. To implement this, the high, intermediate and low head

subsystems of the emergency core cooling system must each be considered a single system.
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11.0 IMPLEMENTATIONOF THE PROPOSED TECHNICALSPECIFICATION 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.

2. 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) ~

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

This applies speciTically 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 Sl

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:

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. It is 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. It is 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.

5. 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

Pro osed Chan es to the Standard Technical S ecifications

(NUREG-1431, NUREG-0452)

— to be provided—
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APPENDIX B

No Si nificant Hazards Evaluation

— to be provided—

e
mA2052w.wpf:1d453095 B-1



Westinghouse Proprietary Class 2C

APPENDIX C

Plant Surve

-
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Attachment

WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Surve: 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 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 fillout 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'412-3744723) or Jim Andrachek (412-374-5018).
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WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Surve: Part 1

Utility/Plant:

UtilityContact: 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 Lo ic Cabinet Unavailabili 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)?

0%
ii 10%
iii. 25%
iv. 50%
v. 75%
vi 90%
vii. 100%
viii. other (please specIfy)
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4. How often are maintenance activities on logic cabinets required? (estimate as once per
year, once every five years, etc.)

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

6. 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
vi. test time would increase to 72 hours
vii. other (please specify)

7. 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. 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
vi. test time would increase to 24 hours
vii. other (please specify)

8. 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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0
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 Startu and Shutdown 0 eratin Information
(Please limit this'to the latest five years of operation. IfWOG-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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6. Number of startups:

7. Number of reactor trips:

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

9. Number of trips that occurred during startup:

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

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

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

13. 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 returned to service - if
necessary, attach an additional page providing the information).

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

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

Plant Surve: 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 01). A suggested table to
capture this information follows.

Su ested Table for Channel and Lo ic Unavailabili Histo

~Com onent Time and Date
Remove from

SeNtce

Time and Date
Returned to

Se Nice

Activity
Performed

test or maint

Trip or
~Bass

PZR P1 1/5/91, 1:15 PM 1/5/91, 2:00 PM

SG1 L1 1/6/91, 8:00 AM 1/6/91, 9:30 AM

test.

test

trip

trip

etc.

Please return the completed survey to:

Mall to:
Mr. G.R.

Andre'CE

MS 4-28
Westinghouse Electric Corporation
P.O. Box 355
Pittsburgh, PA 15230-0355

Fax to: (412) 374-5099

Due Date: Friday September 16, 1994
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APPENDIX D

Fault Tree Dia rams

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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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. Safety 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. Safety 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 ¹1, 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 ¹1, 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

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 Item¹2, 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.

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

mh2052w.wpf:1d453095 D-2
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147. Fault tree B10, modeling the steam generator level analog channels, provides input values
to SMSGL2.

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

This is identical to Item ¹5, 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 ¹7, 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 ¹9, 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 ¹11, 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 ¹11, but with one of the analog channels removed. In 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 Item ¹13, but with one of the analog channels removed in each of the logic
7 trains as was described in Item ¹13.

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 Item ¹15, 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 ¹10, 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, arid
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

-

mA2052w.wpf:1d453095 D-5



AILUAE OF
SAFETY INJECTION Feult tree: cl tuoylnstr'tfthelcpe.det

Oueued : 03/24/95 09: 001 35

PAGe I

CAUSE
FAILIFIES

AIOGH FAILURES

NOON FAILURE
OF RELAYS

AAIN A IN TEST
RAICOH FAILIFIE
TAAIN 8

RAIN 8 IM TEST
RANOON FAILURE
TAAIN A

AVE RELAYS Cl
6 El FAIL

AVE RELAY CS
FAILS TO PAOVIDE
COHPONENT STAAT
SIGNAL

AVE AELAYS
C2 6 E2 FAIL

AVE RELAY El
FAILS TO PAOVIDE
CONPONENT STAAT
SIGNAL

AVE AELAY C2
FAILS TO PROVIDE
CONPONENT START
SIGNAL

SEE PAGE 3 SEE PAGE A

SEE PAGE l2 SEE PAGE 13

AVE RELAY E2
FAILS 'IO PROVIDE
COHPONENT STAAT
SIGNAL

SEE PAGE 5

AVE RELAYS
C3 6 E3 FAIL

AVE RELAY C3
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SEE PAGE 8
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SEE PAGE 7
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228
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SEE PAGE 8
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VE RELAYS
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SEE PAGE 9

SEE PAGE 10 SEE PAGE 11
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C
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0
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Q
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SEE PAGE 2
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AVE AELAY ES
FAILS TO PAOVIOE
CONPONENT START
SIGNAL
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Page 3
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AVE RELAY C2
FAILS TO PROVIDE
CONPONENT STAAT
SIGNAL
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AVE RELAY C3
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Oueued I 03/2e/95 09: 00: 35

Pege 6

$ 96

OSS OF llBV AC AVE RELAY C3 VE AELAY C3
POVEA TO SLAVE FAILS TO OPERATE CONTACTS OO NOT
AELAYS CLOSE TO START

CONPONENT
SAC3CS

AVE RELAY C3
UNAVAILABLEOUE
TO TEST

AVE RELAY C3 STEA RELAY C
UNAVAILABLEOUE CONTACTS OO NOT
'TO NAINTENANCE CLOSE TO

ENERGIZE SLAVE

18
$ 97 211

AVE AELAY C3
FAILS OPEN
ELECTAICALLY

SAC3EL

199

AVE AELAY C3
FAILS SHOATEO
ELECTAICALLY

SRC3FS

AVE RELAY C3
GOES NOI HOVE
OUE TO
IKCHANICAL
SAC~

VE AELAY C3
UNAVAILABLEOUE
TO TEST

SAC3T

204
C3

AAIN 8 SLAVE
RELAY E3 NOT IN
TEST

RAIN 8 SLAVE
RELAY E3
UNAVAILABLEOUE
TO TEST

E3

AVE RELAY C3
UNAVAILABLEOUE
TO NAINTENANCE

SAC3H

3C

AAIN 8 SLAVE
RELAY E3 NOT
INAVAILABLEOUE
TO NAINTENANCE

AAIN 8 SLAVE
RELAY E3
UNAVAILABLEOUE
TO NAINTENANCE

3E
2$ 0

CD
I/I

D
CEI

Q
I/)
CD

U
O

'E3

CD

Q
DI
Ol
CO

fO
O



AVE RELAY E3
FAILS TO PROVIOE
COHPONENT START
SIGNAL

Feult tree I C: XeOOInetATthelepe.oet
Oueuea: 03/24/95 09: 00: 35

Poee 7

2l2

OSS OF llBV AC AVE RELAY E3 AVE RELAY 03
POVFR 10 SLAVE FAILS 10 OPERATE CONTACTS OO NO'I
RELAYS CLOSE 10 START

COHPONENT
SRE3CS

AVE RELAY E3
NIAVAILABLERK
TO TEST

VE RELAY E3 ASTER RELAY E
I%AVAILABLEOVE CONTACTS 00 NOT
TO NAINTENANCE CLOSE TO

ENERGIZE SLAVE

81
213

2l~

Yl
218 219 223

227

AVE RELAY E3
FAILS OPEN
ELECTRICALLY

SRE3EL

215

AVE RELAY E3
FAILS SNtXITEO
ELFCTRICALLY

SRE3FS

VE RELAY E3
GOES NOT HOVE
OVE 10
IK CHAN ICAL
SRE~

2 IT

AVE RELAY E3
UNAVAILABLEOVE
TO TEST

SRE31'20

E3

RAIN A SLAVE
RELAY C3 NOT
I%AVAILABLE OUE
10 'IES'I

22

RAIN A SLAVE
RELAY C3
tetAYAILABLEDOE
TO TEST

C3
222

AVE RELAY E3
tetAYAILABLEovE
TO NAINTENANCE

SRE3N

224
3E

RAIN A SLAVE
RELAY C3 NOT
tetAVAILABLEOUE
10 NAINTENANCE

RAIN A SLAVE
RELAY C3
telAVAILABLEOVE
TO NAINTENANCE

3C
225

I
M

D
(D

0
C
10
(0

U
O'D

1

Clre
OI

'C

0
0)
M
tO

h3
O



AVE RELAY 0$
FAILS TO PROVIDE
CONPONENT S'TART
SIGNAL

FSUIt teee ': XNOQINStehethefcpe.Get

Oueved I 03/24/95 09: 00: 35

Pege 8

OSS DF llSV AC AVK RELAY Of AVE RELAY 01
FOYER TO SLAVE FAILS TO OPERATE CONtACTS 00 NOT
RKLAYS CLOSE TO START

COHPONENT
SRO1CS

AVE RELAY Ol
UNAVAILA8LEDUE
TO TEST

AVE RELAY Ol
UNAVAILABLEDUE
TO NAINTENANCE

ASTER RELAY 0
CONTACTS DO HOT
CLOSE '10
ENERGIZE SLAVE

SKE PAGE 16
18

230
231

X8
236

X7
236 240

AVE RELAY Ol
FAILS OPEN
ELECTRICALLY

SROlEL

AVE RELAY 01
FAILS SNORTED
ELECTRICALLY

SR01F6

233

AVE REl.AY Ol
DOES HOT HOVE
DUE TO
tKCHANICAL
SROlHO

234

VE RELAY Ol
UNAVAILA8LEOUE
TO TEST

SROfT

237
01

23 241
10

RAIN 8 SLAVE
RELAY Fl
UNAVAILASLE OUE
TO TEST

Fl
239

RAIN 8 SLAVE VE RELAY Ol
RELAY Fl HOT IH UNAVAILA8LEDUE
TEST TO NAINTENANCE

SFQ lN

RAIN 8 SLAVE
RELAY Fl HOT
UNAVAILABLEOUE
TO NAIHTENANCE

24

RAIN 8 SLAVE
RELAY Fl
UNAVAILABLKDUE
TO HAINTENANCE

1F
243

(0
M

D
(O

O
C
DT
IO

U
O'D

(0
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0
0)
(h
Vf

td
O



AVE RELAY Fl
FAILS TO PROVIDE
CGNPGNKNT STAA'I
SIGNAL

Feult tree: cd Xeoglnetr Xfthslcpa,det
Oueued I 03/2A/95 09: 00: 35

PAGe 9

OSS OF Slev AC AVE RELAY Fl VE AELAY Fl
POKER TO SLAVE FAILS TO OPERATE CONTACTS 00 NOT
RELAYS CLOSE TO STAAT

CONPONENT
SRF SCS

VE AKLAY Fl
UNAVAILAGLERK
TO TEST

VE RELAY FS ASTER RELAY F
UNAVAILAGLEOUE CGNTAC'TS 00 NOT
TO NAINTENANCE CLOSE TO

ENEAGIZE SLAVE

Gl
257

SEE PAGE l7

AVE RELAY Fl
FAILS OPEN
ELECTRICALLY

AVE AKLAY Fl
FAILS SNORTED
ELECTRICALLY

SRF SFS

AVE RELAY Fl
GOES NOT HOVE
OUE TO
IKCNANICAL
SAF SIR

AVE RELAY Fl
UNAVAILAGLEOUE
TO TEST

SAFlT

AAIN A SLAVE AVE RELAY Fl
RELAY Ol NOT UNAVAILABLEOUE
UNAVAILABLEOUE TO NAINTENANCE
TO 'TEST

SRF SN

RAIN A SLAVE
RELAY Ol NOT
UNAVAILABLEOUE
TO NAINTENANCE

25 l 254
Fl

26

RAIN A SLAVE
RELAY Ol
UNAVAILABLEOUE
TO TEST

Ol
266

268
SF

RAIN A SLAVE
RELAY Ol
UNAVAILABLEOUE
TO NAINTENANCE

SO

270

CD
CO

D
CQ

O
C
CO
CD

0
O

'E3

CD

C

Q
CD
Ol
CO

hD
O



AVE RELAYS
02 G F2 FAIL Fault tree . c. Xwoytnett Xtthslcpe.set

Oueued: 03/24/Q5 OR 00: 35

Pege IO

283

AVE RELAY 02 AVE RELAY F2
FAILS TO PROVIDE FAILS TO PROVIDE
CONPONENT START CONPONENT START
SIGNAL SIGNAL

284
SEE PAGE 18

OSS OF 118V AC AVE RELAY 02 AVE RELAY 02
POKER TO SLAVE FAILS TO OPERATE CONTACTS 00 NOT
RELAYS CLOSE TO StART

CONPONENT
SR02CS

AVE RELAY D2
UNAVAILA8LEDUE
TO TEST

AVE RELAY 02 ASTER RELAY D
UNAVATLA8LE DUE CONtACTS 00 NOT
TO NAINTENANCE CLOSE TO

ENERGIIE SLAVE

18
285

AVE RELAY 02
FAILS OPEN
ELECTRICALLY

288
ZI

AVE RELAY D2
FAILS SNORTED
ELECTRICALLY

SR02F5

288

290
22

AVE RELAY 02
GOES NOT ROVE
OIL TO
IKOIANICAL
QC2Ie

AVE RELAY 02
IFIAVAILAGLEDUE
TO TEST

RAIN 8 SLAVE
RELAY F2 NOT IN
TEST

RAIN 8 SLAVE
RELAY F2
ISIAVAILASLE DUE
TO TEST

F2

AVE RELAY 02
ISIAVAILAGLEDUE
tO NAINTENANCE

SR02N

RAIN 8 SLAVE
RELAY F2 NOT
ISIAVAILASLE DUE
TO NAINTENANCE

RAIN 8 SLAVE
RELAY F2
UNAVAILABLEDUE
TO NAINTENAICE

2F
298

ID
(/I

(E3

0
C
0)
(D

U
O

'E3
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AVK AELAYS
03 6 F3 FAIL

e
Fault tnee I Cl %«oylnstc'Xtthslepe.Get

Oueued I 03/2e/95 09:OO: 35

Pege ll

316

AVE RELAY 03 AVE RELAY F3
FAILS TO PROVIOE FAILS TO PAOVIOE
COHPONKNT STAAT COHPONENT STAAT
SIGNAL SIGNAL

317
SEE PACE 19

OSS OF I'ISV AC
POVKR IO SLAVE
AKLAYS

AVE RELAY 03 AVE AKLAY 03
FAILS TO OPERATE CONTACTS 00 NOT

CL(Lk TO START
cOHpcecENT
SAO3CS

AVE AELAY 03
UNAVAILABLEOVE
TO 'IEST

AVK AKLAY 03 ASTKA RELAY 0
UNAVAILJ~ OUE CONTACTS 00 NOT
TO NAINTENJNCE CLOSE TO

ENERGIZE SLAVE

18
3!8

AVE RELAY 03
FAILS OPEN
ELECTAICAU.Y

$$03KL

3 l9
23

AVE AELAY 03
FAILS SNORTED
ELECTAICALLY

SA03FS

323
Ze

VE AKLAY 03
OOKS NOT HOVE
OVE 'TO
IKCHJNICJL
SII3%l

AVE AELAY 03
VHAVAILAILEOUE
TO TEST

SA03T

03

RAIN 8 SLAVE
RELAY F3 NOT IN
TEST

AAIN 8 SLAVE
RELAY F3
VHAVAILASLEOVE
TO TEST

F3
327

VE RELAY 03
UNAVAILJ~ DX
TO NAINTENANCE

STOSN

AAIH 8 SLAVE
RELAY F3 HOT
IPEAVAILASLE OUE
TO HAIHTENANCE

AAIN 8 SLAVE
RELAY F3
VHAVAILJSLKOVE
'10 HAINIENANCE

3F
331

CD
CO

D
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0
C
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U
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07
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RAIN A IN TES'I
RAHOON FAILURE
TRAIN 8

Feult tdee: C: Xuegllletl'Xtthelepe.det
Oueued: 03/24/95 09: 00: 35

Pege l2

INST ION l INATION 2 OHSINATION 3 INATION 4 OWSINATION 5 INATION 6

374
SEE PAGE 23 SEE PAGE 24

RAIN A IN TEST RAIN 8 SLAVE
RELAY El FAILS

RAIN A IN TEST RAIN 8 SLAVE RAIN A IH TEST RAIN 8 SLAVE RAIN A IN TEST RAIN 8
SLAVE'ELAYE2 FAILS RELAY E3 FAILS RELAY Fl FAILS

35l
TA

RAIN 8 NOT IN
TFST

RAIN 8 IN TEST

BT
353

355 TA

SEE PAGE 20

RAIN A IN TEST

TAT

354 Ol
AT 356

ZS Z6

OSS OF llSV AC AVE RELAY El AVE RELAY El
ROVER FAILS TO OPERATE CONTACTS FAIL TO

CLOSE

TA
368

ASTER RELAY E
CONTACTS FAIL TO
CLOSE

359

SEE PAGE 2l
TA

375

SEE PAGE 22
(D
Mr+

IE3

0
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U
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M
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O
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0
RAIN 8 IH TEST

RLMXN FAILURE
TRAIN A

Feult tr ee: cl 'two9lnstc ttttslcpe.det
Oueued: 03/2e/95 OCc 00: 35

PA9e l3

395

ONBINATION I ONSINATION 2 ONSIHATION 3 INATION 4 CNBINATION 5 IHATION 6

396 406 AI3
SEE PAGE 28 SEE PAGE 29

RAIN 8 IN TEST RAIN A SLAVE
RELAY Cl FAILS

RAIN 8 IN TESt RAIN A SLAVE RAIN 8 IN TESt RAIN A SLAVE RAIN 8 IN TEST AAIH A
SLAVE'ELAYC2 FAILS RELAY C3 FAILS RELAY Ol FAILS

397
TS

RAIN A NOT IH
TEST

RAIN A NOT IN
TEST

AT
399

AOI TB
407

SEE PAGE 25
TB

400 ls
ST 402

X2
403

Xl
Aoe 405

AAIN 8 IN TEST OSS OF llSV AC AVE AELAY Cl AVE AELAY Cl ASTEA RELAY C
PO'KER FAILS TO OPERATE CONTACTS 00 NOT CON'IACTS 00 NOT

CLOSE CLOSE

TST

SEE PAGE 26
TB

A21

SEE PAGE 27
CD
07

D
CO

O
C
07
CD

U
O'D

CD
P+
CD

Q
QT
I/I
C/I

O



AILURE OF 114%7
SIGNAL TO
SAFEGUAAOS
DRIVER

Fault tree: c: 'twoylnstrhf ttelepe.aet
Oueued: 03/24/95 09: 00: 35

Pege 14

OSS OF 15V DC
TO CARO A313

AAO A313 LOGIC AAO A313 ZENEA
IC Z12 FAILEO OIOOE CR 62
OPEN FAILEO SHORT

LZ12TA ZO62TA

AAO A313 ZE~
OIOOE CA 59
FAILEO SHORt

Z059TA

AAO A313
MA'IIPLEX
FAILIQES

AAO A313 CVTPUT
FAILtetE

/2 INPUT AILUAE OF SI
CHANtKLS FAILEO RESET CIRCUIT

51 56 57 58 61 64
SEE PAGE 31

INTEO MIRING
OPEN

PAMIRTA

IN 46 FAILEO
OPEN

PIN46TA

IN 2 FAILEO
OPEN

PINZTA

54

TIPLEX IC Z7
FAILEO SHORT

HXZTTA

59

TIPLEX IC Z13 AAO A313 OUTPUT AAO A313 OUTPUT
FAILEO SHORT OIOOE CA 60 PIN 34 FAILEO

FAII.EO OPEN OPEN

HXZ13TA 060TA P34TA

62

NPUT DIODE
CR 52 FAILEO
OPEN

052TA

IXEO ZERO
CCWCKL OPEN

65

NPVT PIH 38
FAILEO OPEN

P38TA

AAO A313 INPUT
FAILtetE

SEE PAGE 30
LD
IO
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0
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CD

O

CD

Q
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M
V)

DD

O



0
ASTER RELAY E

CONTACTS 00 MOT
CLOSE $ 0
ENERGIZE SLAVE

Feult tree 1 e: Xeacinetrhtthelepe.det
Oueued: 03/24/95 0$ r. 00: 35

Pege $ 5

AS'tER RELAY E
CONtACTS OO HOI
CLOSE

INKCS

ASTER RELAY E AILSNE OF 48V
FAILS TO OPERATE OC POWER TO

MASTER RELAYS

4BVOCB

ASTER RELAY E
UNAVAILABLEOUE
TO NAINTENANCE

AILURE OF
6AFfGUARDS
DRIVER TO
ENERGIZE MASTER

$ 01 $ 05
84

$ 06 $ $ 0
ZB

ASTER RELAY E
FAILS OPEN
ELECTRICALLY

IGIKEL

$ 02

ASTER RELAY E
FAILS SHNITEO
ELfCTRICALLY

IdifFS

$ 03

ASTER RELAY E
DOES NOT HOVE
OUE TO
IKCHANICAL
IFIEMB

$ 04

ASTER RELAY E
UNAVAILlBLEDUE
'tO MAINTENANCE

IGIEN

RAIN A NASTER AFEGUAROS
RELAY C NOT DRIVER FAILS TO
UNAVAILABLEDUE PRODUCE SIGNAL
TO MAINTENANCE

PUT DIODE
FlILS OPEN

0 IOOTB

$ 07
EN

$ 0 $ $ $

$ 09
$ 12

$ 57

VER TRANlISTOR IAS RKSISTOR
FAILS OPEN FAILS SHQRTEO

PTRAMTB BRESTD

IAS TRANSISTOR
FAILS TO TtÃN ON

$ 13 $ 14 $ $ 5

RAIN A MASTER VER TRANSISTOR OSS OF 48V DC
RELAY C FAILS TO TSRM ON POKER SUPPLY
NIAVAILABLEDUE
tO MAINTENANCE

$ 60 $ 61

PUT PIN TO
GROUM) FAILS
OPEN

PINST8

TPUT PIM FAILS INTEO CIRCUIT
CPKN BOARD HIRING

FAILS OPEN

PINTB HIRTB
(D
I/)

D
IK3

0
QS
ID

U
O

'E3

(D

D)

C

Q
Dt
I/S
0)

h3
O

IAS TRANSI5'TOR
FAILS OPEN

BTRAMSTB

IlS RESISTOR
FAILS SHORTED

BRES1TB

NPUT Zf KA AFEGUAROS
DIODE FAILS OPEN DRIVER LOGIC

FAILS

ZEIOTB

$ $ 6 1$ 7 $ $ 8 $ $ 9

$ 5V DC POKER
SUPPLY FAULTS

15VDCB

OCKING DIODE
FAILS OPEN

BDIOOTB

$ 21

NPUT GATE FAILS
OPEN

INGATETB

122

NPUT PIN FAILS
OPEN

INPIHTB

$ 23

SET PIN SHORTS
tO GROUND

RPINTB

124

Sft'ATE FAILS AILSNK OF IIOUT
SIGNAL TO
SlFfGUARDS
DRIVER

SEK PlGE 32

SEt GATE FAILS IN SHORTS IO
OPEN GRQPO

RGATETB PIHSGTB

$ 26 $ 27



ASTER RELAY D
CONTACTS 00 NOT
CLOSE TO
ENERGIZE SLAVE

Fault tc ee: c: Xroytnstnhf ttstepa.dat
Oueued: 03/24/95 09: 00: 35

Page IG

244

ASTER RKLAY 0
CONTACTS OO NOT
CLOSE

IQOCS

ASTER RELAY 0 AILURE OF 48V
FAILs To opERATE oc pouER 'To

NASTER RELAYS

STER RELAY 0 AILURE OF
UNAVAILABLEOUE SAFEGUAROS
'TO NAINTENANCE DRIVER TO

ENERGIZE HASTER

245 246 48 ZA

ASTER RELAY D
FAILS OPEN
ELECTRICALLY

ICOKL

241

ASTER RELAY 0
FAILS SNORTED
ELECTRICALl.Y

%4FS

248

STER RELAY 0
DOES NOT HOVE
OUE TO
i%CHAN ICAL
ICONS

249

STER RELAY 0
LNAVAILAGLEDUE
TO NAINTENANCE

lCRN

ON

RAIN 8 NASTER
RELAY F NOT
teeA VAIL A8LE DUE
TO NAINIENANCE

RAIN 8 NASTER
RELAY F
WAVAILABLEOUE
TO HAINIENANCE

FN

(0
0)

(K3

0
C
IO
CO

0
0

'E3

CO

Q
OT
0)
0)

hD
O



ASTER RELAY F
CONTACTS 00 NOT
CLOSE TO
ENERGIZE SLAVE

Foult tree I c:Xvaglnstrhfthslepo.aot
Oueued: 03/2O/95 09: 00: 35

Poge 17

271
NF

ASTER RELAY F
CONTACTS 00 NOT
CLOSE

WACS

ASTER RELAY F AILtSE OF 48V
FAILS TO OPERATE OC POSER TO

WASTER RELAYS

STER RELAY F AILTQE OF
UNAVAILABLEOUE SAFEGUAROS
'TO NAINTENANCE ORIVER TO

ENERGIZE NASTER

272

ASTER RELAY F
FAILS OPEN
ELECTRICALLY

ISFEL

274

273

ASTER RELAY F
FAILS SHMTEO
ELECTRICALLY

)RFFS

275

Bo
277

ASTER RELAY F
DOES NOT NOVE
SX TO
IKCHANICAL~NB

276

278

ASTER RELAY F
UNAVAILABLE OUE
TO NAINTENANCE

IAFN

279
FN

ZS
282

RAIN A NASTER
RELAY 0 NOT
tNAVATLABLEOUE
TO NAINTENANCE

RAIN A NASTER
RELAY 0
UNAVAILABLEOUE
TO NAINIENANCE

IO
I/I

D
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O
C
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ZZ
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IO

C

Q
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AVE RELAY F2
FAILS TO PAOVIOE
COMPONENT START
SIGNAL

Fault tr ee: c: Keo9lnstnhethslcpe.det
Oueuea: 03/24/95 09: 00: 35

Peye 18

OSS OF 118V AC AVE RELAY F2 AVE RELAY F2
POWER 10 SLAVE FAILS 10 OPERATE CONTACTS 00 NOT
RELAYS CLOSE TO S'TAAT

COMPONENT
SRFZCS

AVE AELAY F2
UNAVAILABLE DUE
TO TEST

VE RELAY F2
UNAVAILABLEDVE
TO MAINTENANCE

ASTEA RELAY F
CONTACTS 00 HOT
CLOSE TO
ENERGIZE SLAVE

81
301

302
Ye

311
318

AVE RELAY F2
FAILS OPEN
ELECTAICALLY

SRF2EL

AVE RELAY F2
FAILS SNORTED
ELECTRICALLY

SAF2FS

AVE AELAY F2
DOES NOTeHOVE
OVE TO
tKCNANICAL
SAP 2tel

AVE AELAY F2
UNAVAILABLEOUE
TO TEST

SAF21

F2

AAIN A SLAVE
RELAY 02 NOT
UNAVAILABLEOVE
TO TEST

RAIN A SLAVE
RELAY 02
UNAVAILABLEDUE
10 TEST

310

AVE AELAY F2
UNAVAILABLEOVE
TO NAINTENANCE

SAF2N

312
2F

AAIN A SLAVE
RELAY 02 NOT
UHAVAILABLtOVE
TO NAINTEHANCE

3l

RAIN A SLAVE
RELAY 02
UNAVAILABL'EDUE
TO NAINTENAHCE

314

(0
0)

(C3

0
C
(0
(D

U
O
U

TD

C

n
0)
Vl
(/I

tOn



AVE AELAY F3
FAILS TO PROVIOE
COHPONENT STAAT
SIGNAL

e
PAVING geee ': iuOQIPStl'XTASICPe.deb

Queued: 03/24/QS OR 00: 35

F494 IQ

333

OSS OF IIBV AC AVE AELAY F3 AVK RELAY C3
POSER TO SLAVE FAILS 'TO OPERATE CONTACTS 00 NOT
RELAYS CLOSE TO START

COHPONENT
SAF3CS

AVE AKLAY F3
IPIAVAILA~DX
TO TEST

VE RKLAY F3 ASTER RELAY F
tNAVAILA8LEOVE CONTACTS OO HOT
TO NAINTENANCE CLOSE TO

KNKROIZK SLAVE

8I
334

335
Y6

339
Y7

340 3AA

AVE AELAY F3
FAILS OPEN
ELECTRICALLY

SAF3KL

336

AVE RELAY F3
FAILS SHQATEO
ELECTRICALLY

SAF3F S

337

VE RELAY F3
OOKS NOT HOVE
OVE TO
HKCNANIGAL
SAF3NB

338

AVE AELAY F3
LNAVAILASLEOVE
TO TEST

SRF3T

3AI
F3

RAIN A SLAVE
RELlY 03 NOT
VNAVAILASLKOVE
TO TEST

34

AAIN A SLAVE
RELAY 03
VNAVAILASLEOVE
TO TEST

03

AVE RELAY F3
1NAVAILlSLE OVE
TO NAINTENANCE

SRF3H

345
3F

AAIH A SLAVE
RELAY 03 NOT
I%AVAILABLEOVE
TO HAINTKNANCK

34

IH A SLAVE
RELAY 03
LNAVAILASLEOVE
TO HAINTENANCK

347

(D
07

D
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C
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0
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O



RAIN 8 SLAVE
RELAY E2 FAILS Favlt tree: e: tvoginstr XTthslepa.dat

Oveved: 03/2a/95 09: 00: 35

Page 20

OSS OF ll8V AC AVE RELAY E2
POMER FAILS TO CLOSE

AVE RELAY E2 AS'TER RELAY E
CONTACTS FAIL TO CONTACTS DO NOT
CLOSE CLOSE

8l ZT
363

Z8
366



RAIN 8 SLAVE
RELAY f3 fAlLS

0
Fault tree I cl Xro9lns\r Xtthslcpa.Oat
Ouauad I 03/24/95 09:00: 38

Paya 21

OSS OF IISV AC AVE RELAY E3 AVE RELAY E3
POSER FAILS TO OPERATE CONTACTS FAIL TO

CLOSE

ASTER RELAY F
CONTACTS OO NOT
CLOSE

8l
370

Yl
37l 372 373



RAIN 8 SLAVE
RELAY F I FA!LS Feult tree: c: Xuogtnstt Xfthslcpe.det

Oueued: 03/Ee/95 09: 00: 35

Pege 22

376

OSS OF ll8V AC AVE RELAY Fl ALVE RELAY Fl
FOYER CONTACTS FAIL TO FAILS 'TO OPERATE

CLOSE

ASTER RELAY F
CONTACTS OO NOT
CLOSE

8I Y3 SY NF
377 378 379



INATION 5 Fault tree: c: Xuoglnatr'tethslcpa.det
Oueued I 03/24/95 Og: OO: 35

Page 23

RAIN A IM TEST RAIN 8 SLAVE
RELAY F2 FAILS

TA

OSS OF ll8V AC AVE REI.AY F2 AVE RELAY F2
POWER FAILS TO OPERATE CONTACTS 00 NOT

CLOSE

ASTER RELAY F
CONTACTS 00 NOT
CLOSE

8l Ye YS NF
38A 385 385 387

(0

(D
D
O
C
M
(0

0
O'D

T0

'C

0
0)
OT
OT

O



INATION 6 Fevlt tree: c: Xvoyinstr&thslcpe.det
Oveved l 03/24/96 09: OO: 3$

Pege 34

RAIN A IN TEST RAIN B SLAVE
RELAY F3 FAILS

TA
389

OSS OF llSV AC AVE RELAY F3 AVE RELAY F3
POVER FAILS TO OPERA'TE CONTACTS 00 NOT

CLOSE

STER RELAY F
CON'TACTS 00 NOT
CLOSE

Bl YS Y7 NF
39 I 392 393 394

(0
V)

(E3

O
C
TO
(0

0
O

'E3

Q
CI
M
V)

h)
O



AAIN A SLAVE
RELAY C2 FAILS Fault tree: c: troplnstr tfAslepa.dat

Oueued: 03/24/05 09: 00: 35

PAOe 25

AOS

OSS OF IISV AC AVE AELAY C2 AVE RELAY C2
pouEA FAILS IO OPERATE CONIACIS 00 NOT

CLOSE

ASTEA RELAY C
CON'IACTS OO NOT
CLOSE

ls
A09

X3
BIO

Xa NC
AI2

O
CA3

C)

CD
CO

D
CD

0
C
I/I
CD

U
0

CD

C

0
0)
CO
CO

hD
O



RAIN A SLAVE
RELAY C3 FAILS Feult tree I e:XueylnetebtAelepe.det

Oueued I 03/24/85 Olt 00: 35

Pege 26

4l5

OSS OF ll8V AC VE RELAY C3
POMER CONTAC'IS 00 NOT

CLOSE

AVE RELAY C3 ASTER RELAY C
FAILS TO OPERATE CONTACTS 00 NOT

CLOSE

l8
4l6 4 IT

X6
4 l8 4 l9

ID
0)

D
IO

0
IO
CD

0
O

ED

Q
0)

IO

O



RAIN A SLAVE
RELAY Ol FAILS Fault tr ee I e: Xwoolnstr XfAsltpa.Oat

Oueued I 03/24/95 09: 00: 35

Page 27

422

VE RELAY 0$ AVE RELAY 0$ STER RELAY 0
CONTACTS 00 NOT FAILS TO OPERATE CONTACTS 00 NOT
CLOSE CLOSE

tKS OF $ $ 8V AC
POVER

xj 38 HO $ 8
423 424 425 426

03
f/I

TC3

0
C
I/)
$0

0
0

'E3

(0

Q
0)
I/I
I/$

hD
O



ONSINATION 5 Fsult tree: e: Xroylnstr XTthelcps.dst
Oueued: 03/24/95 09: 00: 35

Psge 28

s27

RAIN 8 IH TEST RAIN A SLAVE
RELAY 02 FAILS

TB
s28

OSS OF ll8V AC AVE RELAY 02 AVE RELAY D2
POKER FAILS TO OPERATE CONTACTS 00 NOT

CLOSE

ASTER RELAY 0
CONTACTS OO NOT
CLOSE

l8
~ 30

Zl
ASI

Z2 Kl
s32 s33



INATION 6 Feult tree: c: Xuoglnetehfthelepe.det
Oueued: 03/24/95 Ole 00: 35

Pege 29

RAIN 8 IN TEST RAIN A SLAVE
RELAY 03 FAILS

TS
~35

136

OSS OF llSN AC AVE RELAY 03 AVE RELAY 03
POKER FAILS 'TO OPERATE FAILS 'TO OPERATE

ASTER RELAY 0
CONTACTS 00 NOT
CLOSE

18 Z3 Ze HO
~37 A38 A39 440

I0
(h

(E3
D0
C
(0

D
0

'E3

TD

C

Q
OT

I/)

hD
O



ARO A3I3 INPUT
FAILLE Feult tree: c: Krroylnstehfthsteoe.det

Oueueu: 03/24/95 09: 00: 35

P49e 30

68

NPUT DIODE
CA 4S FAILEO
OPEN

048TA

NPUT PIN 37
FA ILES OPEN

P37TA

AlttsrE 0F ssps
TO GENERATE
ACTUATION SIGNAL

69 70 7I

(D
TO

(O

O
C
V)
CD

U
O'D

(DPt
DI

Q
DI
Us
LO

hJ
O



AILIQE OF SI
RESET CIRCUIT Fault tree: LH Xsoglnstrhfthsicpa.dat

Oueued: 03/24/95 09:00: 35

Page 3l

72

TPUT ZENER
OIOOE FAILS
SHORTEO

ZZOOTA

PUT GATE
FAILS SHORTEO

GATE3TA

NYERTIHG GATE l tnrERTING GATEs
FAILS OPEN I ANO 2 FAIL

SNORTED

GATEATA

73 74 76

NVERTIHG GATE I NVERTING GATE 2
FAILS SHORTEO FAiLS SNORTED

GATE lTA

77

GATE2TA

78

TD
0)

(E3

O
C
0)
TD

U
O

'E3

CD

QI

C

0
O)
O)
M
hJ
O



AILLSE OF DPUT
SIGNAL '$0
SAFEGVAROS
ORIVER

Feult tree: c: tuoQInstr'tfthslcoe.det
Oueued: 03/24/95 OR 00: 35

Pese 32

OSS OF $ 5Y OC
f0 CARO A3$3

Afe A3$3 LOGIC ARO A3$3 ZETA ARO A3l3 ZENER Afe A3$ 3
IC Zl2 FAILEO DIODE CR 62 DIODE CR 59 NATIPLEX
OPEN FAILEO SHORT FAILEO SHOAT FAILURES

LZIETS ZD62TS Z059TS

ARO A3$3 OVTPUT
FAILLE

/2 INPUT
CHAIOKLS FA ILES

AILlSK OF SI
RESS'f CIRCVI'f

$ 33 $ 34 $ 35 $ 39 $ 42
SEE PAGE 34

INTED HIRING
OPEN

PRMIRTB

IN 45 FAILEO
(PEN

PIN45TB

IN 2 FAILEO
OPEN

PIN2TS HXZTTB HXZ$3TB 050TB P34$ 8

TIPLEX IC ZT TIPLEX IC Zl3 ARD A3$3 OVTPUT ASXI A3$ 3 OUTPUT IXED ZERO ARO A3l3 INPV'I
FAILEO SHORT FAILED SHORt DIODE CR 60 PIN 34 FAILEO CHAtdKL OPEN FAILURE

FAILEO OPEN OPEN

$ 30 $ 3$ $ 37 $ 38 $ 40 $ 4$

NPUT OIGOE
CR 52 FAILEO
OPEN

052TS

$ 44

$ 43

NPVT PIN 38
FA ILES OPEN

P3818

$ 45

SEE PAGE 33
CD
I/)

D0
C
CO

CD

9
0

'Z3

CD

'C

Q
CD
0)
M

A



AGO A3I3 INPUT
FAILlÃTE Feult \r ee: c: Xuogtnstrhethstcpe.aet

Oueued: 03/24/SS OR 00: 3S

Pese 33

$ 45

AILtSE OF SSPS NPUT DIODE
TO GENERATE CA 48 FAILtO
ACTUATION SIGNAL OPEN

SSPS I 048TB

NPUT PIN 31
FAILED OPEN

P37TB

T47 I48 I49

O
EA)
M

(D
IO

IE3

O
C
Th
CD

9
O

CD

Q)

C

Q
Dl
IO
V)

hJ
O



AIL(A)E OF Sl
RESET CIRCUIT Feult tree: c: Xwog)nstA(the)cae.det

Oueued I 03/24/95 09: 00: 35

Pege 34 (LAST)

PUT ZENER
OIOOE FAILS
SHORTEO

ZZOOTB

PUT GATE
FAILS SNORTED

GATE3TB

NVERTIHG GATE I NVERTING GATES
FAILS OPEN I ANO 2 FAIL

SHORTEO

GATE4TB

$ 5$ $ 53 $ 54

$ 55 $ 56

NVERTING GATE l NVERTING GATE 2
FAILS SHMTEO FAILS SHORTEO

GATE ITB GATEZTB
(O
0)

D
(()

0
(:
O)
(D

U
E)'D

(O

Q
Q)
0)
(0

O



LOM PZR
PRESSURE SI
SIGNAL FROM THE
SSPS

0
Fault tree I 4: tuoglnstrtf thceopll.dct
Oueucd I 03/24/95 10: 33: 20

PAGc

OSS OF LOW PZR
PRESSURE SI
SIGNAL

ll FAILS AIO
8LOCXS SI

70

OSS OF 15V DC
TO CARO A308X

QATE Z12
FAILEO OPEN

OSS OF 15
VOLTS OC TO
CAIO

TIPL'EX IC
Z13 FAILEO

SHORt

MUXZ13

TPUT OIOOK CR
60 FAILS OPEN

A404X
MIATIPLKX IC Z4
FAILEO SHORT

MZ4

OGIC IC
FAILURE

TPUT PIN 34
FAILED QKN

P34

A308X CHANNEL
OR CONNECTOR
FAILlÃIK

R DIODE CR
22 FAILEO SHORT

SZO22

10

NPUT DIODE CR
52 FAILS OPEN

8012

ARO A404X
LOGIC IC

FAILURE

ERO INPUT
OPEN CIRCUIT

NPUT PIN 38
FAIl.KO OPEN

SP10

13

ARD A404X
DISCRETE
COMPONENT
FAILlXIE

ARRL
FAILtÃIE

NPUT DIODE CR
~ 8 FAILS OPEN

8010

15

ISCRETE
COMPONENT

FAILURE

uATE FAILEO
SHORT

SGATE25

67

NPUT PIN 37
FAILEO OPEN

SP37

AIO A404X
CHJIOCL OR
CCXeIKCTOR
FAILISIE

SEE PAGE 7 SEE PAGE 8

ENER DIODE CR
62 FAILS SIOR'1

ENER DIODE CR
59 FAlLS SHORT

SZD52 82059

68

SIGNAL FRON
CAIO A31$

17

ARO A416 OUTPUT ARO A415 INPUT
FAILS LOX FAILURE

CD
CI7

O
C
CO
CD

D
O

CD

D)

Q
D)
CI)
C/I

hJ
O

18 22 23
SEE PAGE 2

INTED MIRING
ON CARO A404X

OPEN

XIR404

ARD A404X PIN
46 FAILED

P45

ARD A404X PIN
2 FAILEO

P2 GZ3 GZ2

AIO A404X GATE ARO A404X GATE
Z3 FAILEO OPEN Z2 FAILEO CPEN

GZI P3

AIO A404X GATE A404 OUTPUT PIN
Zl FAILEO OPEN 3 FAILEO OPEN

A404X 3/4

CHARNEL

FAILCÃIE3

21 24 25 33 3/4 34

A404X FAILURE
IN CHANtCL 1

A404X FAILURE IN A404X FAILUREDUEL 2 IN CHAIelEL 3
A404X FAILURK
IN CHANNEL 4

SEE PAGE 3 SEE PAGE 4 SEE PAGE 5 SEE PAGE 6



AAO A404X
DISCRETE
COHPONENT
FlILTAtE

Flult tree: et twoglnatrhTAseppll.det
Oueued: 03/24/95 IO: 33'9
P49e 2

AAO A404X
ZENEA DIODE CA
25 FAILEO SHORT

ZO25

lAO A404X
ZENER OIOOE CA
2l FAILEO SHOAT

ZOZI

lAO A404X lAO A404X
ZENEA DIODE CR RESISTOR R5
22 FAILEO SHORT FAILEO OPEN

022 R5

28

CD
CO

CO

O
C
CO
CD

U
O

CD

Q
GT
CO
CO

hJ
A

1



A404X FAILORE
IH CHASeSEL 1

Fevlt tree: c: ts oglnetl Mthseppll.det
Oveved I 03/24/95 10: 33: 29

Pege 3

35

ARO A404X
INPuT OIOOE CR
I FAILEO OPEN

01

ARO A404X
INPUT PIN 5

FAILEO OPEN

P5

A404X INPOT
cIRcull 1
FAILORE

36 37

ARO A404X TEST
OIOOE CR 1
FAILEO OPEN

TOI

39

ARO A404X
RELAY K 147A
CCHTACTS OO

HOT CLOSE
R147

40

ARO A404X
BISTABLE
FAILEO HICH

ACI

41

CD
Ci)r+
D

CC3

0
C
I/I
CD

U
0'0
CD

Q
CD
CO
CO

hD
O



A404X FAILURE IN
CHANNEL 2

Feult tnee: LU tuoytnstnht thseppl t.det
Oueued: 03/24/QS IO: 33: 29

Pege 4

42

ARO A404X
INPUT OIOOE CR
3 FAILEO OPEN

03

ARO A404X
INPUT PIN 8

FAILEO OPEN

PB

A404X INPUT
CIRCUIT 2
FAILURE

43 45

ARO A404X TEST
OIOOE CR 2
FAILEO OPEN

TO2

ARO A404X
RELAY K 22IA
CONTACTS 00

NOT CLOSE
R22 I

AM A404X
BISTABLE
FAILEO HIGH

AC2

47



0
A404X FAILURE
IN CHANNEL 3 Feult tree I c: tuoy Inst&Ithssppll.det

Oueued I 03/24/95 IO: 33: 29

Pege 5

49

ARO A404X
INPUT DIODE CRll FAILED OPEN

Dl I

ARO A404X
INPUT PIN l9

FAILEO OPEN

PI9

A404X INPUT
CIRCUIT 3
FA ILtstE

5I

ARO A404X TEST
DIODE CR 3
FAILED OPEN

TD3

53

ARO A404X
RELAY K 302A
CONTACTS DO

NOT CLOSE
R302

54

ARO A404X
8ISTASLE
FAILEO HIGH

AC3

55

CD
V)

(O

O
C
ID
ID

U
0

'E3

(D

0
Gl
07
IO

O



4404X FAILURE
IN CHANNEL 4

Fev1t tc ee I c: tvoplnstr tf thseppl l.aet
Ovevea I 03/24/95 l0: 33: 29

Pipe 6

56

ARO A404X
INPUT DIODE CR
l2 FAILEO OPEN

OI2

AIXI A404X
INPUT DIODE CR
6 FAILEO OPEN

05

ARO A404X
INPUT PIN l0

FAILEO OPEN

PIO

ARO A404X
INPUT PIN l6

FAILEO OPEN

PI7

AM A404X
INPUT PIN l3

FAILEO OPEN

PI3

A404X INPUT
CIRCUIT 4
FAILURE

57 58 62

ARO A404X TEST ARO A404X
OIOOE CR 4 RELAT K 402A
FAILEO OPEN CONTACTS OO

NOT CLOSE
Toi R402

63

ARO A404X
BISTABLE
FAILEO NIGH

AC4

65

(D
M

(0

O
C
M
ID

D

0'o
(D

C

0
O)
07
M
h3
O



ARO A4lG OUTPUT
FAILS LOW

s S.

Feult tree: CH Xwdglnetr XttheePPII.det
Oueued: 03/24/95 l0: 33: 29

Pede 7

7l

NVEATING GATE
FAILS OPENED

GATEI

ENEA DIODE
FAILS SHORTEO

ZDI

TPUT GATE
FAILS SNORTED

GATE2

APACITEA C2
FAILS SNORTED

CAPC2

NVEATING GATE
FAILS SNORTED

GATE3

73 74 75 78

CD
CD

CE3

CI
C
CD
CD

U
O

'E3

CD

C

n
O)
M
C/I

hD
O



AAO A4l6 INPUT
FAIttetE

Fault tree: e: Xuoglnstrht thseppll.dat
Oueued I 03/24/95 lg: 33: 29

Page 8 G.AST)

2/3 77

AHISSIVE CKT
FAILS TO A LOK
OUTPUT

OCKING SMITCH
CONTACTS FAIL
SHOATtO

CONTI

HOAY CK'I FAILS
TO A LOH OUTPUT

78 98

NVEATING OTOOE AHISSIVE CKT
FAILS SHOATEO CARO FAILURE

ENEA OIOOE
FAILS SHORTEO

PUT GATE
FAILS SHNITEO

0 IA

AILUAE IH PUT GATE
PERNISSIVE CARO FAILS OPEN
INPUT

GATE4

2/3 8l

AILtstE IH
CHANEL l INPUT

Z02 GATE5

97

Z044 Z047 OZA

92 93 94

AILtetE IN
CHltdKL 2 iNPUT

AILINE IN
OQlOEL 3 INPUT

85

EHEA CAli FAlLS ENEA CR47 FAILS TPUT OIOOE
SNORTED SHORT EO FAlLS OPEN

Ol
IO

IEl

0
C
TO
Ol

0
O

Olre
OT

C

Q
fD
TO
I/I

lQ
O

ENEA OIGOE
FAILS SHORTEO

ZZOIA

SSUAE CHAtNEL
I FAILS LOK

PCl

ENEA OIOOE
FAILS SHCRTEO

ZZOZA

SSURE CHAtetEL ENGR 0IOOE
2 FAILS LOW FAILS SHGRTEO

ZZ03A

SSUAE CHAtetEL
3 FAILS LOK

PC3

83 84 87



AVXILIJRY
FEEOWATER
GOES NOT
INI1 IATE

Feult tIee: c: Xwo9$nstc XfAexfu.det
Oueued: 03/24/95 101 42: 47

Pege

ONHON CAVSE
FAILURES

AIOOH FAIL.

AICOH RELAY
FAILURES RAIN A IH

TEST. RAIJSOH
FAILIBIES
TRAIN 8

RAIN 8 IH
TES f. RAIJRH
FAILIÃIES
TRAIN A

INATION I INATION 2

SEE PAGE 3 SEE PAGE 4

AVE RELAY CS AVE RELAY 01 AVE RELAY C2
FAILS TO PROVIOE FJILS '10 PROVIOE FAILS fO PROVIDE
COHPONENT START CONPCNENT STARt COHPONENT StARt
SIGNAL SIGNAL SIGNAL

AVE RELAY 02
FAILS TO PROVIDE
COHPONENT StART
SIGNAl

SEE PAGE 5

SEE PAGE 8

SEE PAGE 7

TRAIN A IN
TEST

TRAIN 8 SLAVE
RELAY 01 FAIL.

$ 97
TA

SEE PAGE 6

COHBINAtION I COHBINATION 2

CD
C/$

D
CQ

0
M
CD

0
O

CD

Q
CD
Ch
C/$

hJ
O

OSS OF SSBV AC
POMER 10 SLAVE
RELAYS

SSBVACA

AVE RELAY CS
FAILS TO OPERATE

VE RELAY CS
CONTAC'fS 00 NOT
CLOSE TO StART
COHPIYIENT
SRC1CS

AVE RELAY CS
UNAVAILABLE OUE
TO TEST

AVE RELAY CS
IJIAYAILABLEOUE
TO NAINTEHANCE

StER RELAY C
CONTACTS 00 HOT
CLOSE TO
ENERGIZE SLAVE

TRAIN 8 NOT
IN TEST

TRAIN A
UNAVAIL. OUE
TO TEST

TAT

18 SP
12

SS
13 17

SEE PAGE 2
200

A'

AVE RELAY Cl
FAILS OPEN
ELECTRICALLY

SRCI EL

AVE RELAY CS
FAILS SNORT EO
ELECTRICALLY

SRCSFS

AVE RELAY CS
GOES NOI HOVE
OVE TO
IKCHJNICAL
SRCSHB

VE RELAY CS
UNAVAILABLE OUE
TO TES1

SRCS t

RAIN 8 SLAVE AVE RELAY CS
RELAY Ol NOT UNAVAILJBLE OUE
UNAVAILASLE DUE TO NAINTENANCE
'fO TEST

SRCSN

RAIN 8 SLAVE
RELAY Ol NOT
UNAVAILABLEDUE
TO HAIN'fENANCE

TRAIN 8
IN TEST

$ 0 1$ 14
Cl

$ 5

RAIN 8 SLAVE
RELAY 0$
IJIAYAILABLEOVE
10 TEST

$ 8
1C

19

RAIN 8 SLAVE
RELAY F.l
UNAVAILABLEOVE
TO HAINTENAHCE

BT
$ 99

01
ld

$ 0
20



ASTEA RELAY C
COHIACIS OO NOT
CLOSE TO
ENERGIZE SLAVE

Fluit tree I C: XvOGInStr NIAexfv.dlt
Ouevod: 03/2A/95 10: 42: 47

PAQV 2

ASTEA RELAY C ASTEA RKLAY C AILINE OF ABV
CONIACIS 00 NOT FAILS TO OPERATE OC POVEA TO
CLOSE NASTER RELAYS

NCCS ABYOCA

STEA RELAY C
WAVAILARXOUE
'IO NAINTENANCE

AILIQE OF
SAFEGVAIIS
CAIVEA TO
ENEAGIZE NASTEA

22 23 27
48

28

ASTEA RELAY C
FAILS OPEN
ELECTRICALLY

lGCEL

2l

ASTER RELAY C
FAILS SNORTED
ELECTAICALLY

IGCFS

ASIEA RELAY C
GOES HOT HOVE
OUE TO
&CHANICAL
lVCNB

ASTER AELAY C AAIH 8 NASTER
IAIAVAILABLKOUE RELAY 0 NOT
TO NAINIENANCE NIAVAILABLEOUE

IO HAIHIENANCE
lVCN

IlAIN 8 NASTEA
RELAY 0
WAVAILABLEOUE
TO HAINTEHANCE

31

OVER TRANAISTOR IAS RESISTOR
FAILS OPEN FAILS SNORTED

PTAlNTA BAKSTA

35

AFEGUAROS PUT DIODE
ORIVER FAILS TO FlILS OPEN
PRODUCE SIGNAL

OIOOTA

33 81

34 48

IAS TAAHSISTOA
FAILS TO TWN ON

31

VEA TRAHSISTOA OSS OF ABV OC
FllLS 10 TNVI ON POXEA SCPPLY

TPUT PIH FAILS INTEO CIRCUIT
OPEN BOAAO HIRING

FalLS OPEN

PINTA WIATA

83

TPUT PIN TO
GAOCPE) FAILS
OPEN

PIN ITA

CD
CO

D
CQ

0
C
I/)
CD

0
0

CD

CD

C

0
CD
CO
CO

hD
O

IAS TAANSISTOA
FlILS OPEN

BTAAHSTA

IAS AESIS'ICA NPUT ZEHEA AFEGUAAOS
FllLS SHOR'IEO DIODE FAILS OPEN DRIVER LOGIC

FAILS

Bi%SITA ZEIOTA

39 40

15V DC POVKA
SIMPLY FAULTS

ISVOCA

A2

OCKING DIODE
FAILS OPEN

BOIOOTA

43

INGATETA INPINTA RPINTA

AS

NPUT GATE FAlLS IOUT PIN FAILS SE'I PIH SNORTS
OPEN OPEN TO GROUND

AT

SEE PAGE 9

SKT GATE FAILS AILURK OF IIOUT
SIGNAL TO
SAFE GUAAOS
OAIVEA

SET GATK FAILS IN SHOATS TO
OPEN GROIN

RGATETA PINSGTA

AB ~9



e
AVE AELAY Ol

FlILS TO PAOVIDE
CCHPOHENT STAAT
SIGNAL

Fsult tnee I cd Xuoglnstrhfttsxfw.dst
Oueued I 03/24/95 10: s2: s7

Psge 3

Ss

OSS OF 118V AC AVE RELAY Ol AVK RELAY 01
POVKA TO SLAVE FAILS '$0 OPERATE CONTACTS DO HOT
RELATS CLOSE TO STAAT

COHPOHENT
I ISVACS SAD ICS

AVE RELAY 01
VNAVAILA8LEDUE
TO TES'I

AVE AKLAY 01 ASTER RELAY 0
UNAVAILA8LEOUE CONTACTS DO NOT
TO NAIN'IENANCE CLOSE TO

ENERGIZE SLAVE

85
81

86
3S

9$ 96
SEE PAGE 10

AVE RELlY 0$
FllLS OPEN
ELFCTAICALLY

STIIEL

87

AVE AELAY 01
FAILS SNORTED
ELECTAICALLY

SAD IF S

VE RELAY Ol
OOKS HOT HOVE
OVE TO
)KCNANICAL
SADINS

92
0$

93

AAIN A SLAVE
RELAY Cl
UNAVAILABLE DVE
TO TEST

Cl
9s

AVE AELAY 0$ RAIN A SLAVE
UNAVAILAtkKOVE RELAY Cl NOT
TO TEST lNAVAILASLK

OUE TO TEST
Sfe1T

96
$ 0

97

RAIN A SLAVE
RELlY Cl
UNAVAILABLE OUE
TO NAINTENANCE

lc
98

VE AELAY 0$ RAIN A SLAVE
UNAVATLA8LE DVE RELAY Cl NOT
TO NAINTENANCE UNAVAILASLKDUE

TO NAIHTENANCE
Sfe IN

CD
0)
P+
D

CQ

0
C
D)
CD

U
0

'K3

CD

Q
0)
CO
DT

hD
O



AVE RELAY C2
FAILS TO PROVIDE
COHPONENT STAAT
SIGNAL

Fevlt tree: e:Xeoglnstrhlthexfw.det
Oveved: 03/24/95 lg: 42: 47

Pege 4

$ 63

OSS OF $ $ 8V AC AVE AKLAY C2 AVE RELAY C2
FOYER TO SLAVE FAILS 'IO OPERATE CONTACTS 00 NOT
RELAYS CLOSE TO START

COHPONKNT
SAC2CS

VE RELAY C2
UNAVAILABLKDVE
TO TEST

AVE RELAT C2 STEA RELAY C
UNAVAILABLEDUE CONTACIS DO NOT
TO NAINTENANCE CLOSE TO

ENERGIZE SLAVE

$ 8
$ 64

$ 65
2P

$ 69
25

$ 70 $ 74 NC

$ 78

AVE AELAT C2
FAILS OPEN
ELECTAICALLT

$ 56

AVE AELAY C2
FAILS SNCRTEO
ELKCTRICALLY

SAC2FS

$ 57

AVE RELAY C2
OOKS NOI HOVE
DVE TO
WCNANICAL
SATB

AVE AELAY C2
UNAVAILABLEDVE
'TO TEST

$ 7$

AAIN 8 SLAVE
RELAY 02 HOT
UNAVAILABLEDUE
IO TEST

$ 7

RAIN 8 SLAVE
RELAT 02
UNAVAILABLKDVE
TO TEST

l73

VE AELAT C2
UNAVAILABLEDUE
TO HAINTKNANCE

$ 75

AAIN 8 SLAVE
RELAY 02 NOT
UNAVAILABLEOUE
TO NAINTKNANCE

$ 7

AAIN 8 SLAVE
RELAY 02
UNAVAILABLEDVE
IO NA TNT ENANCE

$ 77

(D
0$

ICl

0
C
I/I
(D

U
O
XJ

ID

Q
0)
M
0)

h)
O



AVE RELAY 02
FAILS TO PROVIDE
CONPONENT START
SI CNAL

Fault tres: e: Xwoylnstr Xfthoxsu.dot
Oveusd I 03/24/98 IO: 42: 4T

PA9C S

$ 79

OSS OF l$8V AC AVE RELAY 02 VE RELAY 02
POWER TO SLAVE FAILS TO OPERATE CONTACTS 00 NOT
RELAYS CLOSE TO START

COHPONENT
SR02CS

AVE RELAY 02
UNAVAILAS.E OUE
'TO TESI

AVE RELAY 02 STER RELAY D
UNAVAILASLE OUE CONTACTS 00 NOT
TO NAINTENANCE CLOSE TO

ENERGIZE SLAVE

8$ $ 8$ I85
4S

$ 86
$ 94

AVE RELAY 02
FAILS OPEN
ELECTRICALLY

SR02EL

AVE RELAY 02
FAILS SNORTED
ELECTRICALLY

SR02FS

$ 83

AVE RELAY 02
OOES NOT HOVE
OUE TO
NECHANICAL
SRD2W

$ 84

VE RELAY 02
UNAVAILA8LEOUE
TO TEST

S$ 62T

$ 87

RAIN A SLAVE
RELAY C2 NOT
LNAVAILASLEOUE
TO TEST

RAIN A SLAVE
RELAY C2
N4AVAILASLE OUE
TO TEST

AVE RELAY 02
UNAVAILASLE OUE
TO NAINTENANCE

$ 9$

RAIN A SLAVE
RELAY C2 NOT
UNAVAILABLEOUE
TO NAINTENANCE

RAIN A SLAVE
RELAY C2
UNAVAILABLEOUE
TO NAINTENANCE

2C
$ 93

ID
0)

D
IE3

0
C
0$
(D

D
O'o
(0

0
0$
(0

hJ
O



TRAIN 8 SLAVE
RELAY Ol FAIL.

Feult Cree: c:Xwoylnstrhfthaxfw.det
Oueved I 03/24/95 l0: 42: 47

Pege 6

201

LOSS OF ll8V
AC FOYER TO
SLAVE RELAY

SLAVE RELAY
OT FAILS TO
OPERATE

SLAVE RELAY
Dl CONTACTS
DO NOT CLOSE

NASTER RELAY
0 CONTACTS
OO NOT CLOSE

8l 3P 33 NO
202 203 204 208



0
CONSINATION 2 Feult tree: cf Xwoyfnstrhfthexfv.det

Oueued: 03/2e/95 IO: 42: 41

Pege 7

TRAIN A
IN TEST

TRAIN 8 SLAVE
RELAY O2 FAIL.

TA

LOSS OF ll8V
AC POKER TO
SLAVE RELAY

SLAVE RELAY
O2 FAILS IO
OPERATE

SLAVE RELAY
82 CONTACTS
DO NOT CLOSE

NASTER RELAY
0 CONTACTS
OO NOT CLOSE

8l AP
2 l0

AS
2 l2

(D
0)

GD

0
C
0)
CD

U
0

'E3

CD

Q
9)
M
M
h)
O



RAIN 8 IN
TEST. RANCH
FAILURES

TRAIN A

Feult tree I C: XxeginetATAAXtw.eat
Oueued I 03/24/85 10: 42: 47

Peye 8

213

CONBINATION I CONBINA'TION 2

214

TRAIN A SLAVE
RELAY C2 FAIL. TRAIN 8

IN TEST
TRAIN 8 IN
TEST

TRAIN A SLAVE
RELAY Cl FAIL.

218

LOSS OF 118V
AC PO'VER '10
SLAVE RELAY

18
215

SLAVE RELAY
C2 FAILS TO
OPERATE

2S
217

SLAVE RELAY
C2 CONTACTS
DO NOT CLOSE

2P
218

NASTER RELAY
C CONTACTS
OO NOT CLOSE

219

TRAIN 8 IN
TEST

TRAIN A NOT
IN TES'I

TBT

221
BI

22

TRAIN A
IN TEST

223

220 TB
TB 228

SEE PAGE ll
CD
(0

D
Kl

O
C
Ih
ID

U
O'O

I

(D
IPt
Q)

C

Q
DT
OT
Ol

O



AILURE OF Ite%T
SIGNAL TO
SAFE GUARDS
OR IVER

Feult tree I c: Luoyinstt Lfthexeu.Get
Oueued: 03/24/95 lo: 4Z: 47

Peee 9

OSS OF 15V OC
TO CARO A313

Ale) A3l3 LOGIC
IC ZIE FAILEO
OPEN

LZIETA

ARO A3l3 ZBCA ARO 4313 ZEBRA
DIODE CR 62 DIODE CR 59
FAILEO SHORT FAILEO SHORT

ZDGETA 1059TA

AM ASl3
NAIIPLEXfA IPSE 5

AAO A3l3 OUTPUT
FAILLE

/2 INPUT AILlAE OF SI
CHANtKLS FAILEO RESET CIRCUI'I

51 57 61 54
SEE PAGE 13

INTEO HIRING IN 45 FAILEO IN 2 FAILEO TIPLEX IC Z7 TIPLEX IC Z13 ARO A3l3 OUTPUT AM A313 OUTPUT IXEO ZERO ARO A313 INPUT
OPEN OPEN OPEN FAILEO SHORT FAILFO SHORT DIODE CR 60 PIN 34 FAILEO CHANEL OPEN FAILLE

FAILED OPEN OPEN

PRMIRTA PIN45TA PIHZTA HXZTTA HXZ13TA 050TA P34TA

52 53 54 59

NPUT DIODE
CR 52 FAILEO
OPEN

OSZTA

65

NPUT PIN 38
FAILEO OPEN

P38TA

57

SEE PAGE IE

CD
Ch

D
Kl

0
C
CO
CD

0
0

CD

C

Q
D)
CO
Ol

hJ
O



ASTEA AELAY 0
CONTACTS 00 NOT
CLOSE TO
ENERGIZE SLAVE

Fault tree: et Xro9 fns trXtthe x tu.d at

Oueued I 03/24/95 $0: 42: 47

PAOe $ 0

ASIK4 RELAY 0
CONTACTS DO HGT
CLOSE

fdeCS

ASTEA RELAY 0 AILSNE OF 48V
FAILS TO OPERATE OC POXKA TO

NASTE4 AELAYS

48YOCS

S'IEA RKLAY 0
WAVAILABLEDUE
TO NAINTEMAHCE

AILURE OF
SAFEGUAWS
CRIVE4 TO
ENERGIZE HASTEA

$ 01 $ 05
84

$ 05 $ $ 0

ASTEA RELAY 0
FAILS OPEN
ELECTRICALLY

fdeKL

ASTEA RELAY 0
FAILS SMOAfEO
ELFCTAICALL7

fdeF8

ASIE4 AKLAY D
DOES NOT HOVE
OUE TO
IKCHANICAL
feeNS

ASTER RELAY D
UNAVAILAGLtOUE
TO NAINTENANCE

leeN

RAIN A NASTER AFEGUAAOS PUT DIODE PUT PIH FAlLS INTED CIRCUIT
RELAY C NOT OAIVEA FAILS TO FAILS OPEM Q%N GOAAO HIRING
tefAVAILASLE DUE PAOOUCE SIGNAL FAILS OPEN
TO NAINIENANCE

0 IOOTB PINTS VIATS

$ 02 $ 03 104 $ 07
OM

$ 0 $ 59

$ 09
84

$ 57

OVEA TRANAZSTOA IAS AESISTOA
FAILS OPEN FAILS SHfÃffEO

IAS TAANSISTOA
FAILS 'fO ISLAM fst

PTAANTS SAESTB

$ $ 4 $ $ 5

AAIH A NAS'fEA VEA TRANSISTOR OSS OF 48V OC
RELAY C FAlLS TO TUAM ON POKER St&PLY
tefAYAILASLE DUE
TO NAINTENAMCE

$ 50

TPUT PIN TO
GROSFD FAILS
OPEM

PIHITS

$ 5$

ID
$0r+
D

IKl

0I:
$0

U
O'D

(Dr+
0)

C

Q
0)
I/$

O
IAS TAANSISTOA

FAILS OPEN

8TRANSTS

IAS AESIS'fOR
FAILS SNORTED

SAESSTB

NPUT ZK «A AFEGUAAOS
DIODE FAILS OPEN SlIVER LOGIC

FAILS

ZESOTS

$ $ 5 $ $ 7 $ $ 8 $ $ 9

SSV DC POf<ER
SUPPLY FAULTS

SSYDCS

OCSSING DIODE
FAILS OPEN

SO IOOTB IHGATETB IMPINTB APIHTB

NPUT GATE FAILS NPUT PIM FAILS SET PIH SHOATS
OPEN OPEN TO GAOUW

SET GATE FAILS AILURE OF 1$4%$
SIGNAL $ 0
SAFKGUAAOS
ORIVEA

$ 2$ $ 22 $ 23 $ 24
SEE PAGE $ 4

SET GATE FAILS IN SNGATS TO
OPEN CRONK)

AGATKTS PINSGTS

$ 25 $ 27



0
TRAIN A SLAVE
RELAY CI FAIL. Fault tree: c: twoglnstrhfthextw.det

Oueved I 03/24/95 IO: 42: 47

Peye ll

LOSS OF ll8Y
AY POWER TO
SLAVE RELAY

SLAVE RELAY
CI FAILS TO
OPERATE

SLAVE RELAY
Cl CONTACTS
00 NOT CLOSE

NASTER RELAY
C CQITACTS
00 NOT CLOSE

IS
221

IP IS NC
228 229 230

O
Vl
00



ARO A3I3 INPUT
F A ILIA Fevlt tree I c: XuoyinstrhtLLextw.deL

Oveucd: 03/2e/95 IO: e? 47

Pege l2

68

AILIATE OF SSPS NPUT DIODE
TO GENERATOR CR 48 FAILEO
ACTUATION SIGNAL OPEN

SSPS O48TA

NPU'T PIN 37
FAILEO OPEN

P37TA

68 70 7l

(D
(h

Kl

O
C
IO
CD

0
0'o
(D

Q
O)
(h
V)

O

1



A

AIL SE OF SI
RESET CIRCUIT Feult te ee I e: Xeoglnstnht theef w.Get

Oveved . 03/2A/95 IO: 42: A7

Pege l3

PUT ZENER
OIOOE FAILS
SHORTEO

ZZOOTA

TPUT GATE
FAILS SHORIEO

GATF3TA

NVERTING GATE l NVERTING GATES
FAILS OPEN I tel 2 FAIL

SHORTEO

GATE@I'A

73 7i 7S 75

NVERTING GATE l NVERTING GATE 2
FAILS SHORTEO FAILS SHQRTEO

GA'IEITA GATEZT'A

(D
IO

D
ID

0
C
IO
CD

0
0

ID

C

0
D)
M
M
t4
O

77 78



AILLSE OF If4%T
SIGNAL TO
SAFEGVAAOS
OAIVER

Fsult tree: c: tso9$ nstt tfthsxlw.dot
Oueued I 03/24/95 10: 42: 47

P49e 14

OSS OF $ 5V OC
TO CARO A313

AAO A313 LOGIC
IC 212 FAILEO
QPEN

LZ1278

133

AAO A313 ZETA AA0 A313 ZETA
OIOOE CA 62 OIOOK CA 59
FA ILES SHOAt FAILKO SHOR'I

IM2TS IO59TS

$ 34

AAO A313
WLTIPLEX
FAILURES

$ 36

AAO A3$ 3 OUTPUT
FA ILIAD

$ 39

/2 INPUT
CHJNtKLS FAILED

$ 42

AILUAE OF SI
RESET CIRCUIT

SEE PAGE 15

IHTFO MIRING
OPEN

PA%IRIS

IN 46 FAILEO
(PEN

PIN45TS

IN 2 FAILEO
OPEN

PIN2TS

TIPLEX IC Z7
FAILEO SHORT

NXZTTS

TIPLEX IC Z13 AAO A313 OUTPUT AAO 4313 OUTPUT
FAILKO SHORt OIOOE CA 60 PIN 34 FAILEO

FAILES OPEN OPEN

NXZ$3T8 05018 P34TS

TXEO ZERO
CHAtdd:L OPEN

AAO A313 INPUT
FAILINE

$ 30 131 $ 37 140 $ 41

NPUT DIODE
CR 52 FAILEO
OPEN

052TS

$ 44

$ 43

tOUT PIH 36
FA ILES OPEN

P36TS

145

SEE PAGE $ 5

(D
07

<O

O
C
I/I
CD

0
O

'E3

ID

C

Q
D)
I/I
UI

h)
O



0
AAO A3$ 3 INPUT

FAILURE Fsult tree: c: Xuostnstrhfthsxfu.dst
Oueued I 03/Es/95 $ 0: 42: 47

Pete IS

$ 46

AILUAE OF SSPS NPUT DIODE
TO GENEAATOA CA 48 FAILEO
ACTUATION SIGNAL OPEN

SSPSS 048$ 8

NPUT PIN 37
FAILEO OPEN

P37'TB

$ 47 $ 48 IA9

CD
0)

D
CO

OI:
0)
CD

0
O
O

C

0
O)
Ch
0$

hJ
O



AILURE OF SI
RESET CIRCUIT Fault tree: e: twoglnstl Mthextw.det

oueued I 03/2e/95 lo: 42: AT

Page I6 G.aSTI

PUT ZENER
DIODE FAlLS
SHORTEO

ZZDOTB

PUT GATE
FAlLS SHORIEO

GATE3TB

NYERTIHG GATE l NYERTING GATES
FAILS OPEN I ANO 2 FAIL

SHORT ED

GA'IEATB

l5l I53

NYERTIHG GaTE I NYERTING GaTE 2
FAILS SHORTEO FAILS SHOR'IEO

GATEITB

$ 55

GATEZTB

$ 56

CD
CO

D
CC3

0
C
CO

CD

O'O
I

CD

CD

C

Q
Ql
CO
Ch

h3
O



TRIP SIGNAL
IXI STEAN
GENERAtOR
XATER LEVEL

8
Fault tree I «I XsoGInstnhtthses912.sat
Oueued I 03/24/95 15: 20: 24

Page I

ARO l515
DIODE CR 33
FAILED OPEN

5033

ARO l515
IPIOERVOLTAGE
PIN 11
FAILEO OPEN
SP11

ARO A316X NO
LOX HATER
LEVEL TRIP
SIGNAL

CARO A3ldX
HILTIPLEX Z4
FAILKO SHOAT

QIZ4

PRINT. HIRIHG
ON CARO A316X
OPEN

XIR315

CARO A316X
INPUT CIRCUIT
OPEN

LOSS OF 15 V
DC TO CARO
A316X

CARO A316X
PIN 46 FAILEO
OPEN

CARO A316X
PIN 2 FAILEO
OPEN

A315X CHAINEL
FAILLE

25

CARO A316X
DISCRETE
CGHPONENT
FAILLQK

10

CARD A3ldX
ZKNER DIODE
CR 25 FAILKD
SHORT

6 025

CARO A315X OC
FAILURE

SEE PAGE 2

CARO A316X
ZENER DIODE
CR 2$ FAILEO
SHORt

61021

12

ASISX CHANNEL
OR CGtaIKCTOR
FAILURE

19

13 14 2$

CARO A316X CARO 43ldX A315X OUTPUT A316X CHANNEL
OUTPUT DIODE RESISTOR RS PIN 3 FAILEO FAILURK
CR 22 FAILED FAILEO OPEN OPEN
OPEN

6022 6RS 6P3

CD
Clt

D
CE3

O
C
I/I
CD

0
O
13

CD

Q
CD
I/)
I/I
hD
O

CARO A lSX
Itea/I IDOE
CR 12 AILEO
OPEN

6012

CARO A316X
INPUT PIH 10
F lILEO OPEN

6P10

ItatUT DIODE
CR 6 FAILEO
OPEN

6DS

Itatut DIODE
CR 10 FAILEO
OPEN

6010

INPUT PIN 7
FAILEO OPEtl

INPUT PIN 15
FAILEO OPEN

CMO A316Y
LOOP 1 SIGNAL
FAILCXVE

ItatUT OICDE
CR ll FAILEO
OPEN

6P13

23 27 70

CARO A316Y
ZENKR DIODE
CR 62 FAILEO
SHORt

SZD62

CARO A315Y
ZKHER DIODE
CR 69 FAILEO
SHORT

6 069

A316Y LOGIC
IC Z12 FAILED
OPEN

SZ12

CARO A3ldY
NQ.TIPLEX IC
FAILEO

A315Y RELAY
KI22 HO
CONTACTS
SEDATED

R122

CARO A316Y
OUTPUT CIRCUIT
OPEN

l316Y 3/4
INPUt SIGNAL
CHAIeIELS FAIL

31 33 34 37
SEE PAGE 3

CARO A3ldr
GATE Z13

FAILEO SHORT

6GZ13

CARO A3ldY
GATE Z7
FAILEO SHOAT

6GZP

CARO A316Y
OUTPUT DIODE
CR 60 FAILED
OPEH

6D60

CARO 316Y
OUTPUT PIN 34
FAILEO OPEN

SP34

35 3d 39 40



CARO A315X OC
FAILVR6

Fev1 t tree: e: twog tnstr'tf &sesglg.eet
Oveved: 03/24/95 15: 20: 24

Pege 2

15

CARO A315X
GATE Z3
FAILING SHORT

6GZ3

CARO A316X
GATE Z2
FAILING SHORT

6GZ2

CARO A315X
GATE ZI
FAILKO SHORT

6GZI

16 18

(O
(O

D
(C3

O
C
M
CO

U
C3

IO

Q
OI
Vl
IO

hD
O



0
A316Y 3/4
INPUT SIGNAL
CH4WKLS FAIL

Fsvlt tres I e: Xvodlnstrhtthscs912.dct
Ovcvcd I 03/24/95 15: 20: 24

Pcgc 3

3/4 4$

A316Y FAILIÃ%
IN DWPKL I A316Y FAILURE

IN CNAIOKL 2
A316Y FAILUAE
IN CNAWKL 3

A316Y FAILURE
IN CHAIOBL 4

49
SEE PAGE 4

CAAO A 316Y
INPUT DIODE
CA 48 FAILEO
OPEN

6D48

43

CARO 431dY
TESt OICOE
CA I FAILEO
OPEN

TDI

46

CAAO A316Y
INPUT PIN 37
FAILEO OPEN

SP37

44

CARD A316Y
RELAY K 230A
CONTACTS 00
HOT CLOSE

R230

47

A316Y I$SHIT
CIRCUIT I
FAILES

45

CARO A3ldY
SISTABL LC
5198 FAILEO
HIGH

ACI

CARO A316Y
INPUt DIODE
CA 50 FAILKO
OPEN

6050

CARO ASISY
TEST DIODE
CA 2 FAILFO
OPEN

TD2

53

CAAD A3ldY
INPUT PIN 39
FAILED OPEN

5$

CAAO A3ldY
RELAY K 331A
CONTACTS 00
Ndt CLOSE

A331

A3$ 6Y I+KIT
CIRCUII 2
FAILEO

CAAO A3$6Y
SIStABL LC
5188 FA LKO
HIGH

AC2

CAAO A31dY
Itdclt OICOE
CA 52 FAILKO
OPEN

6052

57

CARO A318Y
TEST OIOOE
CA 3 FAILEO
OPEN

TD3

CARO A316Y
INPUT PIN 38
FAILKO OPEN

6P38

CARD A316Y
RELAY K 407A
CONTACTS 00
NOT CLOSE

A407

61

A316Y IISHII
CIACUIT 3
FAILEO

CAAO A316Y
BISTABL LC
5178 FA LEO
HIGH

AC3

(D
lh

D
(C3

O
C
UI
(D

0
0

(D

C

0
Q)
M
(0

O



A3lSY FAILUAE
IN CHARNEL 4 Fsult tr ee . e. Xro9lnstrht thsss912.0st

Oueusd: 03/24/95 ISl 20: 24

Psge ~ ILAST)

63

INPUT DIODE
CA 54 FAILEO
OPEN

6054

INPUT PIN 40
FAILEO OPEN

6P40

A316Y It6%T
CIACUIT FAIL.

64 65

TESl'IODE
CA 4 FAILEO
OPEN

TO4

67

AELAT K 513A
CONTACTS OO
NOT CLCK

RSl 3

CAAO ASISY
8 I ST ABL LC
5208 FA LEO
NIGN

AC4

69

CD
(0

IC3

C3
C
M
CD

0
C3

'E3

CD

Q
GT
CO
Vl

hD
O



1

AILUAE OF
SAFETY INJECTION Feult tree: cu xioysnstristIIslopll.oet

Oueued: 03/24/95 $ 5: 22: 35

Pege I

CAUSE
FA ILCSeES

AMXN FAILURES

AIOON FAILURES AlIN A AAIN 8
OF RELAYS ISIAVAILAR.KDUE UNAVAILlBLERK

TO TEST, AANOON TO TEST. AANOON
FAILtNES TRAIN 8 FAILCSIES TRAIN A

VE RELAYS Al
lHO Cl FAIL

AVE AELAY AS
DOES NOT
ENERGIZE
CONPOHENT

Al

AVE RELATS l2
ANO C2 FAIL

78

VK RELAY Cl
DOES HOT
ENEAGIZK
coHpceIENT

AVE AELAY A2
OOKS HOT
ENEAGIZE
COHPOHENT

SEE PAGE ~ SEE PAGE 5

SKE PAGE $ 3 SEE PAGE $ 4

AVE RELAY C2
DOES HOT
ENEAGIZE
COHPONENT

SEE PAGE 6

AVE AELlTS A3
ANO C3 FAIL

$ 07

AVE AKLAT A3
DOES HOT
ENEAGIZE
COHPONENT

SEE PAGE 7

lVE AELAT C3
DOES NOT
EHEAGIZE
COHPOHENT

SEE PAGE 8

$ 80
SEE PAGE ll SEE PAGE l2

AVE AKLAT 8$
DOES NOT
ENERGIZE
COHPONENT

AVE AELAY Ol
DOES NOT
ENERGIZE
CONPCNENT

SEE PAGE 9 SEE PAGE $ 0

AVE RELlYS 81 AVE AELATS 82 AVE AELAYS 83
lNO 0$ FAIL ANO 02 FAIL AHO 03 FAIL

CD
0)

CO

0
C
US
CD

U
O

CD

0
0)
CIS

I/I
hD
O

ITI(
CD

re

CD
CD

V)
U
U

I

AAIN A SLAVE
RELAT Al
IPIAVAILABLEDUE
TO NAINTENANCE

VE RELAY Al
UNAVAILASLE DUE
TO NAINTENANCE

SAASN

VE RELAY Al
CONTACTS DO HOT
CLOSE

SAASCS

$ $

RAIN 8 SLAVE
RELAY Cl NOT
IAIAVAILASLEOUE
TO HAINTENANCE

VE RELAY AS
DOES NOT
ENERGIZE

EST AELAT
CONTACTS FAIL
OPEN

SAAITCS

STEA RELAY A
CONTACTS DO HOT
CLOSE

AVE RELAY Al
FAILS
ELFCTAICALLY

AVE RELAY Al
FAILS OPEN

OSS OF $ 25V DC AVE RELAY AS
POKER FAILS OLK TO

LAN BINDING

!25VDCA SAAlNS

52
2V

AVE RELAY Al
FlILS SHMTEO

SAASFS

SN
13 $ 4 dl

RAIN 8 SLAVE
RELlY Cl
UNAVAILASLKDUE
TO NAIHTENANCE

AAIN A NASTEA
RELAY A
UNAVAILlBLEDUE
TO NAINTENANCE

STEA RELAY A ASTEA RELAY A
DOES NO'I OPERATE CONTACTS 00 HOT

CLOSE

NTACS

ASTEA RELAY A
FAILS DC% TO
NECN 8 IIE)ING

INANS

Hl
$0

SEE PAGE 2 SEE PAGE 3
57



AAIN A NASTEA
RELAY A
WAVAILABLEDUE
TO NAINTENANCE

Fsult tres I 4: Xuoy lnstt Xt ths1 ROI I.dlt
Oututd I 03/24/95 IS:22: 35

Psgs 2

15

AAIN 8 NASTEA
RELAY C NOT
mAVAILASLE OUE
NAINTENANCE

RAIN A NASTEA
RELAY A
tNAVAILABLEDUE
TO NAINTENANCE
ldlAN

16 18

RAIN 8 NASTEA
RELAY C
WAVAILASLEOUE
TO NAINTENANCE

CD
(/I

D
10

0
C
CO
CD

g
00
CD

Q
Q)
CO
I/I
h)
O



0
ASTER RELAY A

GOES NOT OPERA'IE
Favlt ttee: TN XNoginstc'XfthslpplS.dat
Oveved: 03/2i/95 15: 22: 35

Page 3

19

SE'I RELAY
CONTACTS FAIL
OPEN

IdlARCS

SET SNITCH
CONTACTS FAIL
OPEN

ASTER RELAY A
FAILS OPEN

ASTER RELAY A
FAILS SHORTEO

IAAFS

ZA PRESSURE
NITH P le 12/i)

22 23 2i

- 1 I BLOCKING
CONTACT FAILS
OPEN

EST CONTACTS
FAll. OPEN

OGIC CIRCUIT
FAILS

TESTI

25 39 3/i io

OCKING LOGIC
FAILS

OCKING
CONTACTS FAILS
OPEN

BCONT I

AILVAE IH
CHAIeEL I

AILLFE IH
CHANIEL 2

i5

2/3 27 37 i3
Oi

i6

OGIC CIRCUIT'CKING SNITCH AY ISTABLE CHAteEL TACTS 00 HGT TACTS 00 NOT
FAILS CONTACTS FAIL NECHANICALLY I DOES NOT CLOSE CLOSE

CLOSED BOVIO RENOYE POKER

BSWC1 AELAYI SCHANI CONT 1 CONT2

AILISIK IN
CHANIEL 3

AILIQE IN
CHANtEL i

AT
IECHANTCALLY
BOVNO

AELAT2

ISTABLK CHAIAEL
2 GOES NOT
AENOTE POMER

BCHAH2

i7 iB

SEE PAGE 15 SEE PAGE 16

(0
III

D
ICl

0
C
I/I
CD

0
O

(D

C

Q
0)
It)

hJ
O

AILISE IH
CHAttEL I

AILISE IN
CNAIeEL 2

AILISE IH
CHAteEL 3

31 3i

TACTS FAIL ISTABLE CHAteEL TACTS FAIl ISTABLE CHAIAEL TACTS FAIL ISTABLE CHAteEL
CLOSED I OE ENERGIGIZE CLOSED 2 OE-ENERGIZE CLOSED 3 OE ENERGIZE

RELAY RELAY RELAY

CONTS I ACHANT CONT S2 ACHAN2 CONTS3 ACHAN3

30
01

33
02

36
03



AVE RELAY Cl
DOES NOT
KNEAGIZE
CONPONKNT

Feult tree: c: Xxeglhetrhettslyyll.det
Oueued I 03/24/95 SS: 22: 35

Pege 4

64
Cl

AAIN 8 SLAVE
RELAY Cl
UNAVAILABLEDUE
TO NAINTENANCE

AVE RELAY Cl
CONTACTS DO NOT
CLOSE

SAC SCS

AVE RELAY Cl
DOES NOT
ENERGIZE

AVE AELAY Cl
FAILS
ELtCTAICALLY

OSS OF 125V DC AVE RELAY Cl
POXER FAILS RK TO

NECN BINOINO

125 VDCB SAC INB

65 69 70 73 76
V2

77

AVE RELAY Cl
UNAVAILABLEDUE
TO NAINTENANCE

SACS N

66
Nl

AAIN A SLAVE
RELAY Al NOT
UNAVAILABLEDUE
TO MAINTENANCE

67

AAIN A SLAVE
RELAY Al
NIAVAILABLEDUE
TO NAINTENANCE

SN

68

EST RELAY
CONTACTS FAIL
OPKN

SAC STCS

71

ASTEA RELAY C
CONTAC'IS DO NOT
CLOSE

72

AVE AELAY CI
FAILS OPEN

74

AVE RELAY Cl
FAILS SNORTED

SAC IFS

75

CD
I/I

D
CE3

O
C
I/I
CD

0
0'O
CDre
Q)

0
SD
I/I
I/I
hJ
O

1



0
AVE RELAY A2

OOES NOT
ENERGIZE
CONPOHENT

Feult tree: cl Xuoglnstrhethslppll.pet
Oueued I 03/24/95 I5: 2? 35

Pege 5

79

RAIN A SLAVE
RELAY A2
tNAVAILA8LEOUE
TO NAINTENAHCE

AVE RELAY A2
CONTACTS 00 NOT
CLOSE

SRA2CS

AVE RELAY A2
OOES NOT
ENERGIZE

AVE RELAY A2
FAILS
ELECTRICALLY

OSS OF l25V OC AVE RELAY A2
PONE R FAILS OUE TO

ICCH 8TNOING

SRA~

84 85 88 2V
9I

92

AVE RELAY A2
UNAVAILA8LEOUE
TO NAINTEHAHCE

RAIN 8 SLAVE
RELAY 02 HOT
lNAVAILASLEOUE
TO NAIHTEHAHCE

EST RELAY
CONTACTS FAIL
OPEN

SRA2TCS

ASlER RELAY A AVE RELAY A2
CONTACIS OO HOT FAILS OPEN
CLOSE

SRA2

AVE RELAY A2
FAILS SHORTEO

SRA2F 5

8l
2H
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ISTABLE
CHAtOKL 2
GOES NOT
RENOVE POKER

LAY
IKCHANICALLY
SNAKC)

RELC3HBB

ONTACTS
00 NOT CLOSE

RELCSC38

ISTABLE
CHANNEL 3
DOES NOT
REHOYE POKER

43 ~ 4 Bl
~ 5

47 ~ 8 82
19

5I 83
53



ANIMAL
F AILtccE
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TRIP SINGAL
ON REACTOR TRIP

Feult tree: c: Xeoglnetrhf ter te2e.det
Oueued I 03/24/95 l5: 3l: 58

Pege I

RAIN FAILURES AKER
CAUSE

FAILURES

BCC

l77

TRIP TO THE TRIP TO THE
8 TRIP CHANNEL A TRIP CHANNEL

O
CCD

(0

TRIP BREAKERS
00 NOT OPEN
CIRCUIT ON
SIGNAL

2/SYB BYPASSES
52/RTB

SEE PAGE 3

2/RTS FAILS
CLOSED

le

l7
SEE PAGE 2

RAIN 8
UNAVAILABLEOUE
TO TEST OR
HAIHTEHANCE

ls
TS

RAIN 8 SIGNAL TO THE
UNAVAILABLEOUE 8 TRIP BREAKERS
TO TEST OR
NAIHTENANCE

RAIN A NOT
UNAVAILABLE OUE
TO TEST OR
NAINTENANCE

CD
CI)

CID

CD

C
CO

CD

9
CD'o

~ CD

C

Q
Dl

CO

O
/SYB DOES NOT

OPEN
RATOR 8

ERROR
ALL CONTAC'IS CHANICAL RAIN 8 RAIN 8 RAIN A
SHCATEO 52/RTB NALFIAICTION WIAVAILABLEDUE UNAVAILABLERK UNAVAILABLEOUE

52/RTS TO TEST TO NAINTENANCE 'TO TEST OR

CONTS NN528 TBT TBN
NAINTEHAHCE

l5 l9
22

SIGNAL TO THE /SYS FAiLS
A TRIP BREAKERS CLOSED

RATOR CONNON
CAUSE

OPERCC

l2 l3

ALL CONTACTS CHAN ICAL
SHORTEO 52BYS NALFIAICTION

52/BYB

528CS 52ANN
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SIGNAL TO TNK
8 TRIP BRKAXERS

FWlt trSS: AX'tWOGInStrhft&tS24.GSt

Oveucd: 03/24/95 $ 5:3$ :58
P49s 2

23
8

R VOLTAGE
CIRCUIT OIO NOT
tKNGYK UV COIL

VOLTAGE

NPUT RELAZ 8
GTXXSO RETCH
OPEN (SEE IR-$1

IR2

24

NPUT FAILURE
G.OGI C CABINET)

ARO 8515 15
VOLT SIPPLT ANO
PROTECTION
FA ILEO

ARO 8515
CIRCUIT
CONPONENT
FAILLE

TRIP SIGNAL
ON HIGH
PRESSURIZER
PRE SQNE

ARO A415 OIOOE
CR 30 FAILEO
TO OPEN

27

OGIC CASIHK'I
CO$ SXXT CAUSE

ARO A415
IPQERVOTLAGE
PIH 15 FATLEO
CPEN
BP15A

LC

ARO A415X HO
HIGH PRESS&K
SIGNAL

76

15 VOLT CIRCUIT 15 VOLT BUS
CGTPONENT FAILtO ORIFTEO LOX

$ 5V T03 T04 T05 1012A

77 83 87

R OIODE CRS RAHSISTOR 02 RANSISTGR 01
FAILEO SHORT FAILEO C E SHOAT FAILEO SHORT

SISTOR R4
FAILEO SHORT

ICOE CRS
FAILEO OPEN

T02 TOI 08

78 79 Bl

RANSISTOR 03 RANSTSTGR 04 RANSISTOR 05 ENER OIGOE CR
FAILKO C E SHORT FAILEO C-E SHORT FAILEO C E SHORT 12 FAILEO SHORT

e
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(O

O
E.
I/I
ID

9
O

'Z3

IOrt
0$

C

Q
0$
0$
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OSS OF 15 V OC ARO A415Z
$ 0 CARO A415X I%ATIPLEX IC Z4

FAILEO SHORT

5 $ 50C $9$ Z4

ARO A415X LOGIC A417X CHANNEL
IC FAILts$E OR CIXPIECTOR

FAILUT%

ARO Aslex
0ISCIKET
CGNPTXCENT
FAILURE

3$ 70

ARO A415X GATE
Z3 FAILEO OPEN

SGZ3

ARO A415X GATE
Z2 FAILEO SHOR'I

BGZ2

ARO A415X GATE
Zl FAILEO SHORT

SGZ 1

A415X OUTPUT
PIN 3 FAILEO
OPEN

BP3

A4$ 5X 3/4
CHAIPKL FAILISES

ARO A415X
IENER 0 IOOE
CR 25 FAILEO
SHORT
GZ025

ARO A4$5X
IENER OIGOE
CR 21 FAILEO
SHMT
81021

ARO A41bX
ZENER OIOOE
CR 22 FAILEO
SHOAt
6022

ARO A415X
RESISTOR RS
FAILEO OPEN

GRS

33 34 35 37 3/4 38 71 72 73 74

AsldX FAILURE
IN CHANNEL I

A4$ 5X FAILURE
IH CHANNEL 2

A415X FAILURE A415X FAILURE
IN CHATSTEL 3 IN CHJIAEL 4

SKE PAGE 4 SEE PAGE 5 SEE PAGE 6 SEE PAGE 7
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TRIP TO THE
A TRIP CHANNEL

Fsult tree: c: Xuoylnstrhte'Lrts24.det
Oueued: 03/24/95 $ 5: 3$ : 58

PAQe 3

A TRIP BREAKERS
00 NO'I OPEN
CIRCUIT ON
SIGNAL

RAIN A
tetAVAILABLE OUE
TO TEST OR
HAINTENANCE

SIGNAL TO THE
A TRIP BREAKERS

9$ $ 04
SEE PAGE 8

2/BYA BYPASSES
52/RTA

92

/BYA GOES NOT
OPEN

93

SIGNAL TO THE
8 TRIP BREAKERS

8
Si

2/BYA FAILS
CLOSEO

RATOR A
ERROR

98

RATOR COHHON
CAUSE

99

2/RTA FAILS
CLOSEO

$ 0$

ALL CONTACTS
SHORTEO 52/RTA

52AC

$ 02

OPERI

$ 00

CHAHICAI.
HALFtsecl loN
52/RTA

52AH

$ 03

RAIN A
tetAVAILABLEOUE
TO TEST OR
HAINTEHANCE

$ 05
TA

IN A
tetAVAILABLEOUE
TO TEST

TAT

$ 06

RAIN 8 NOT
UNAVAILABLEOUE
TO TEST OR
HAINTEHANCE

$ 0

$ 07 TB
$ 09

RAIN A RAIN 8
UNAVAILABLEOUE UNAVAILABLEOUE
TO HAINTENANCE TO TEST OR

HAINTENANCE
TAN

IO
IO

$O

O
C
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U
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Q
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0)
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O
ALL CONTACTS
SHORTEO 52/BYA
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AAl6X FAILVRE
IN CNAlelEL I Fevlt tree I cl'two91nst tft&ts24.det

Oveved: 03/24/95 I5: 3l: 58

Page 4

39

ARO A4l6X
OIOOE CR $
FAILEO OPEN

BOI

ARO A4l6X PIN
5 FAILEO OPEN

AAl6X FAILtgtE
IN CHAIelEL

40 4l

ARO A4lBX TEST ARO A4lSX
OIOOE CR $ RELAY K l30A
FAILED OPEN CONTACTS 00 NOT

CLOSE
BTOi 8 I30

ARO A4l6X
BISTABLE PC
455A FAILEO HIGH

8 I455

O

O
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Asl6X FAILURE
IN CHANNEL 2 Fsult tree: c: 'tres Instr 'tt t&ts24.dst

Oueued: 03/24/95 l5: 3l: 58

Psge 5

46

ARO AAIBX ARO A4lBX DPVT A4l6X INPUT
INPUT DIODE PIN 6 FAILEO CIRCUIT 2
CA 3 FAILEO OPEN OPEN F All.URE

853 808

47 45 49

O

O
4)

ARO A4lBX TEST ARO AslBX
OIOOE CR 2 RELAY K 2l2A
FAILEO OPEN CONIACTS 00 HOT

CLOSE
BTO2 R2l2

5l

ARO A4l6X
BISTABLE PC
456A FAILEO HIGH

8 I456
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AAIBX FAILUAE
IN CHANNEL 3

Fevlt tree: c: tvoGInstr'VAr ted.det
Oveved I 03/24/95 IS: 31: 58

Pege 6

53

AAO AAISX
DIODE CA 11
FAILEO OPEN

8011

AICI A416X
INPUT PIN 19
FAILED OPEN

BP19

AAISX INPUT
CIRCUIT 3
FAILtstE

54

AAO AAISX TEST AAO AAI6X
DIODE CA 3 RELAY K 316A
FAILEO OPEN CONTACTS 00 NOT

CLOSE
BT03 F315

58

AAO AAISX
BISTABLE PC
457A FAILEO NIGH

81457
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a416X FATLtaaE
IN cHANNEL 4

Fault \rse: e: tuo9$ nstrhfttrts24.dot
Oususd: 03/24/95 $ 5: 31: 58

P4$ rs 7

are A4$6x
0100E CN $ 2

FAILEO OPEN

8012

Are A4$ 6x are A4$ 6x
INPUT DIODE INPUT PIN 10
CA 6 FAILEO OPEN FAILEO OPEN

806 8P10

Are A416X
INPUT PIN 16
FAILED OPEN

8P16

are A416x
INPUT PIN 13
FAILED OPEN

SP13

a4$ 6x INpUT
CIRCUIT
FAILQrE

6$ 63 64 65

U
a

O
Ql

are A416A TEST
OIGOE CA ~
FAILED OPEN

ST04

67 68 69

are A416x are a416x
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SIGNAL TO THE
A TRIP SAEAXERS Feult tree: C: tu49$ netrttthrte24.@et

Oueued I 03/24/95 15: 31: 58

F494 8

$ $ 0
A

A VOLTAGE
CIACUI't OID NOI
RENOYE UV COIL V
OLTAGE

NPUT RELAY A
GNXP4) RKTURN
OPEN (SEE IA-I)
IA1

$ 11 175

NPUT FAILIFTE AAD A5$ 5 15
Va.t SCPPLT A)e
PROTECT ION
FAILED

AN) AS15
CIACUIT
CGNPONENT
FAILtx)E

$ 12

TAIP SIGNAL
ON HiGH
PRKSSix) IZEA
PRESSURE

$ $ 3

AN) Slid DIODE
CA 30 FAILEO
TO OPEN

88020

$ 14

OGIC ClSINET
CONNGN CAUSE

LC

AN) l4$ 5
L44KRVOTLlGE
PIN 15 FAILEO
OPEN
88P ISA

$ 15

AAO A415X NO
HIGH PAESSIF)E
SIGNAI

lid

$ 53 $ 71

$ 5 VOLT CIACUI'I $ 5 VOLT SUS
CO)GH)NENT FAILEO ORIFTEO LOX

15VA TOGA T04A T03A

id4 170 $ 72 $ 73 $ 74

NKR DIODE CAS
FAILEO SHORT

AANSISTOR 02 AANSISTGA 0 1 SISTOA Rl
FAILEO CW SHOAT FAILEO CW SHOAT FAILEO SHORT

ICOE CRS
FAILEO OPEN

TORA Toll A4A OSA

$ 5S 1dd $ 57 159

RANSISTCR OS AANSISTGR 04 AANSISTGA 03
FllLEO CW S)e)AI FAILEO C E SHORT FlILEO CW SHOAT

R DIODE CA
12 FAILEO SHORT

ZO12

$

75'D
0)

D
CCl

C3
C
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U
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0)

C

0
0)
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OSS OF $ 5 V DC AAO A415Z lAO A415X LOGIC A417X CHANNEL
TO CAN) A416X NATIPLKX IC Z4 IC FAILCF)K OR CXNNECTGR

FAILEO SHOAT FAIL)Ã)E

88$ 50C SGHZ4

ARO llldX
DISCREE I
CONPGNENT
FAILtl)E

$ 17 $ $ 8 $ $ 9 $ 23 $ 57

AAO A415X GA'tK
Z3 FAILEO OPEN

lRO A415X GATE
ZR FAILEO SHORT

8GGZ2

lAO llidX GATK
Zi FAILtO SHORT

SGGZ I

Al1dX OUTPUT
PIH 3 FAILEO
OPEN

8PP3

llidX 3/4
CtWPKL FAIL&KG

AN) 4415X
ZE)KA DIODE
CA 25 FAILEO
SHOAT
ZDORS

AN) 4415X
ZENEA DICK
CA Rl FAILEO
SHORt
ZOOR I

Ale A4$ 5X
ZE)KA DIODE
CA RR FAILEO
SHORT
ZOOM

AAO A4$5X
RESISTOR AS
FAILFO OPEN

i%5

$ 21 $ 22 IR4 3/4 125 $ 58 $ 59 $ 51

A4idX FAILURE
IH CHANNEL

4415X FAILIÃ)E
IN CHANNEL 2

AlldX FAILURE A416X FAILUAK
IN CHAM$EL 3 IN CHANNEL 4

SEE PAGE 9 SEE PAGE $ 0 SEE PAGE 11 SEE PAGE 12
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AilSX FAILURE
IN CHANNEL I Feult tree: cl two9lnstrhf ter ts2i.det

Oueued I 03/2i/95 $ 5'3$ :58
Pelt ~ 9

$ 25

AAO AildX
OIOOE CA I
FAILEO OPEN

AAO AilSX PIH
5 FAILEO OPEN

Ail SX FAILURE
IN CHANNEL l

$ 27

O

O

AAO AilSX TEST AAO Ai$5X
OIOOE CA l RELAT X $ 3OA
FAILEO OPEN CONTACTS OO NOT

CLOSE
BTTOI ACl30

$ 3l
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BISTABL PC
i55A FA LEO HIGH
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A416X FAILURE
IN CHANNEL 2

Feult tree I e: tuo9$ nstrhft&ts24.det
Oucucd I 03/24/95 15: 31: 58

Pege $ 0

$ 33

AAO A4 6X AAO A416X 1$CHIT A416X INPUT
INPUT 0 OOE PIN 6 FAILEO CIRCUIT 2
CA 3 FA LEO OPEN OPEN FAILURE

8003 BPPB

$ 34 $ 36

O

O
CXI

AAO A416X TEST AAO A416X
OIOOE CA 2 RELAY K 2$ 2A
FAILEO OPEN CONTACTS 00 NOT

CLOSE
BTtXQ RC212

$ 37

AAO 44 BX
8ISTABL PC
~ 56A FA LEO HIGH

C2
$ 39
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A416X FAILURE
IN CHANNEL 3 Fsult tees: c: tro9$ nstc'Mtht ts24.det

Oveved: 03/24/95 15: 31: 58

Peee 11

$ 40

ARO 4416K
DIODE CR 11
FAILED OPEN

80011

ARD A416X
INPU'I PIN 19
FAILEO OPEN

PP 19

A416X INPUT
CIRCUIT 3
FAILURE

141 $ 42 $ 43

Ale A416X TEST ARO A416X
DIODE CR 3 RELAY K 3164
FAILEO OPEN CONTACTS DO NOT

CLOSE
TDO3 RC316

ARO A416X
BISTABLE PC
457A FAILEO HIGH

U

O
CO

$ 44 146 C3
$ 46
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a416X FAILURE
IN CHANNEL ~

Fsvlt tree: e: tvo9$ nstr'trt&ts24.det
Oveved I 03/24/9S 15: 31: 58

Page $ 2 ILASTI

$ 47

are A416x
OIOOE CR $ 2

FA ILEO OPEN

0012

ARO A415X Are A4$ 6X
INPUT 0 IOOE INPUT PIH 10
CA 5 FAILEO OPEN FAILEO OPEN

005 PP I0

Are A4$ 6X
INPUT PIH 15
FAILEO OPEN

PP16

Are A416X
INPUT PIH 13
FAILED OPEN

PP13

A416X INPUT
CIRCUIT 4
FAILINE

$ 48 $ 49 $ 5$ $ 53

are A416A TEST are A416X
01006 CR 4 RELAY K 415A
FAILEO OPEN CONTACTS 00 HOT

CLOSE
T004 RC415

$ 54

are a4$ 6x
SISTASLE PC
458A FAILEO
NIGH

C4
$ 56

ID
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0I:
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TAIP ON OYEA-
TEHP OELTA I G
HIGH PZA PAESSVA
OIVERSITY CASE

Fault tpee 1 tledlv
Oueued: 03/24/95 10: 41: 40

Page 1

TRIP IN THE AREA COHNON
A OA 8 TRIP CAVSE
CHAtOKLS

TAIP IN THE TRIP IH THE
8 aWeaL A CHANNEL

RELAYS 00
HOT OPEN
CIACVII

TAIP
SIGNAL TO
RELAY

TRIP
SIGNAL FRON
PRE SSVAIZEA
NIGH PRESSURE

SEE PAGE 8

Ale 8515 15 Ale 8515
VOLT SUPPLY ANO CIRCUIT
PAOTECTION CONPONENT
FAILEO FAILTSE

103
SEE PAGE 5

0 TAIP $ $ VOLT CIRCUIT 15 VOLT BUS
SIGNAL FROH COHPONENT FAILEO OAIFTEO LOll
OVERTENPEAATVAE
OELTA-I

$ 5V

NPUT RELAY 8
GNXAGI IKTMN
OPEN lSEE IA-I)
IR2

116

AKER
HECHANICAL
HALFWCTION

I%528

$ $ 7
SEE PAGE 7

2/ATB
FAILS CLOSEO

/BYB
BYPASSES 52/ATB

$ $ 8
SEE PAGE 6

ALL CONTACTS
SHORTEO

TAIP BREAKERS AAIH 8
00 NOT OPEN ON LMAVAILABLE
SIGNAL OUE TO TEST OR

NAINTENANCE

(D
I/I

IE3

O
C
00
ID

U
0

I
C

0
OT
TO
U)

h3
O

48
SEE PAGE 4

$ $ 0 $ 19

TAIP SIGNAL
CN HIGH
PAESSÃIIZEA
PRE SSNIE

OGIC CABINET ISTABLE COHHGN TAIP SIGNAL OGIC CABINET ISTABLE COHHON
COtudN CAUSE CAUSE FAILWES ON OYEA COteCN CAUSE CAUSE FAILURES

TEHPEAA ILL
OELTA T TRAIN A

LCCC 5 ICC 8 ICCO

46
LC

47 49 LC
$ 01

$ 02
CO

AAO A416 OIOOE
CR 30 FAILEO
TO OPEN

6020

AAO A4$ 6
telOERVOTLAGE
PIN 16 FAILEO
OPEN
GP16A

AAO A416X NO
HIGH PRESSURE
SIGNAL

SEE PAGE 2

AAO A515 DIOOE
CA 24 FAILEO
OPEN

5024

AAO A515
NCERVOLTAGE
PIN 25 FAILEO
OPEN
5P25

51

SIGNAl. FAOH
CARO A313X

SEE PAGE 3



JRD A416X HO
HIGH PRESSURE
SIGNAL

Feutt tree: r teufv
Oueued 03/24/95 10: 41: 40

Peye 2

10

OSS OF 15 V DC ARO AildZ
TO CARO A416X fKLTIPLEX IC Zi

FAILED SHOAT

8$ 5DC BNZ4

JRO AildX 1.0GIC J417X CHANNEL
IC FAILURE OR CONNECTOR

FAII.URE

ARO A416X
DISCREET
COHPONENT
FAILURE

1$ 12 13 17 41

BGZ3 BGZ2

14 15

J416X FATLtATE
IN CHAfefEL 1

ARO A416X
DIODE CR 1
FAILEO OPEN

JRO A416X PIH
5 FAILEO OPEN

2$

JRO A416X GATE JM A416X GATE
Z3 FAILED OPEN Z2 FAILED SHOR'f

ARO A416X GATE A416X OUTPUT
Zl FAILEO SHORf PIN 3 FAILFD

OPEN

BGZ I BP3

A416X 2/3 JM A416X
CHARNEL FAILtdtES ZENER DIODE

CR 25 FAILEO
SHORT
BZ025

16 18 2/3 19 42

4416X FAILtFTE
IN CHANNEL 2

27

J416X FAILURE
IH CHANNEL

23

ARO 4416X JRO A416X IfdNIT AildX INPUT
INPUT 010DE PIN 6 FAILEO CIRCUIT 2
CR 3 FAILED OPEN OPEN FAILURE

803 8PB

AM A416X
ZENER OICOE
CR 21 FAILFO
SHOAT
81021

43

AildX FAILtltE
IN CHJfefEL 3

34

JRD A416X
DIODE CR ll
FAILEO OPEN

8011

AM A416X
ZENER DIODE
CR 22 FAILEO
SHORT
BD22

44

JRO A416X
INPUT PIN 10
FAILEO OPEN

BP I8

ARO A416X
RESISTOR R5
FAILtO OPEN

BR5

45

A416X INPUT
CIRCUI'f 3
FAILURE

37

(0
(0r+
D

IO

0I:
V)
CD

0
O'O

(Dre
0)

C

Q
0)
Ol
0)

hD
O

JRO A416X TEST
DIODE CR 1
FAILEO OPEN

BTDI

ARO A416X
RELAY K 130A
CONTACTS 00 NOT
CLOSE
R130

JRO A415X
BISfABLE PC
455A FAILEO HIGH

81455

JRO J416X TEST
0100E CR 2
FAILEO OPEN

8702

JRO A4$6X
RELAY K 212A
CONTACTS DO NOT
CLOSE
R212

JRD A416X
BISTABLE PC
456A FAILEO HIGH

81456

JM A416X TEST
DIODE CR 3
FAILED OPEN

BTD3

ARO A4ldX
RELAY K 316A
CONTACTS DO NOT
CLOSE
R316

JRO A416X
BISTABLE PC
457A FAILtO HIGH

8 I457

25 2d
Cl

33 39 40
C3



SIGNAL FROH
CARO A3$3X

Fault tree I t tedtv
Oueued: 03/24/95 10: 4$ : 40

Pege 3

52

A313X MX.TIPLEX OSS OF $ 5 VOLTS
IC 24 FAILEO DC TO CARO
SHOAT A3$3X

3NZ4

ARO A313X
LOGIC IC
FAILIXtE

A3$ 3 CHAtetEL OR ARO A3$ 3X
CONNECTION DISCRETE
FAILURE CCNPONENT

FAILWE

SEE PAGE 10
53 54 62

INTEO HIRING
ON CARD A313X
OPEN

ttIR313

AM A313X PIN
~ 6 FAILED OPEN

ARO A313X PIN 2 ARO A3$3X
FAILEO OPEN GATE Z3 FAILEO

3GZ3

ARO A3$ 3X ARO A313X A3$ 3 OUTPUT PIN A3$ 3X
GATE 22 FAILEO GATE Zl FAILEO 3 FAILEO OPEN CHAPEL

FAILIXtES

3GZ2 3GZ1 3P3

57

A313X FAILURE IN
CHAtetEL 1

65

ARO A3$ 3X ItetUT ARO A3$ 3X ItetUT A3$ 3X INPUT
DIODE CR 1 PIN 5 FAILEO CIRCUIT 1

FA ILEO OPEN OPEN FAILURE

301 3PS

A313X FAILURE IN
CHAtetEL 2

72

73 74 75

ARD A313X ItdtUT AM A313X IteHIT A3$ 3X INPUT
DIODE CR 3 PIN 8 FAILEO CIRCUIT 2

FAILED OPEN OPEN FAILURE

3D3 3PB

63 3/4 64

A313X FAILURE IN i313X FAILURE
cHAtetEL 3 IN CHAHtB:L 4

79
SEE PAGE 9

8$ 82

AM A313X ItetUT ARO A313X ItdtUT A3$ 3X INPUT
DIODE CR ll PIN $ 9 FAILED CIRCUIT 3

FAILEO OPEN OPEN FAILURE

3011 3919

$0
(h

(E3

0
C
Ch
CD

O
'E3

(0
0)

C

0
0)
(h
(h

tO
O

ARO A3$3X TEST
DIODE CRI FAILEO

OPEN

ARO A313X
RELAY K l$2A
CONtACTS 00 NOT
CLOSE
R$ $ 2A

AM A3$3X
BISTABLE TC
~ $ $ C FAILEO
HIGH
S 1 411

ARO A3$ 3X TEST
DIODE CR 2
FAILEO OPEN

TD2

ARO A313X
RELAY K 236A
CONTACTS 00 NO'I
CLOSE
R236A

ARO A3 3X
BISTABL TC
~2$ C FA LEO
HIM
81421

ARO A313X TEST AM A313X
DIODE CR 3 RELAY K 323A
FAILEO OPEN CCttTACTS 00 NOT

CLOSE
T03 R323i

AM A3$3X
BISTABLE TC
43$ C FAILEO
HIGH
81431

69 70
81

76 77 78 83 84 85
83



$ 5 VOLT CIRCUiT
CONPONENT FAILE0 Fault tees I eteaiv

Oueued: 03/24/85 $ 0: 4$ : 40

Psge 4

$ 04

ENEA DIODE CAS
FAILED SHORT

AlNSISTOR 02 ASNSISTOA 0$
FAILEO C-E SHORT FAILEO SHORT

SISTOA A4
FSILEO SHORT

LOOK CR8
FSILFO OPEN

T02 TOI 08

$ 05 $ 06 $ 07 $ 08 $ 08

(0
(0

D
IE3

0
C
0$
(0

9
O

'E3

(D

C

0
Ql
(h
IO

hD
O



AAO B5$ 5
CIACUII
CONPONENT
FSILISIE

Fault \ass: c tsdlv
Oueutd I 03/24/95 10: 41140

Psgc 5

$ 11

ASNSI STOA 03 AANSISTOA 04 AINSISTOA 05
FAILEO C-E SHOAT FSILEO C-E SHOAT FJILEO C-E SHOAt

ENEA OIOOE CA
12 FAILEO SHOAT

T03 T04 IOIZA

112 113 $ 14 $ 15

CD
0)

D
(O

O
C
$/)
CD

U
O

1

ID

Q
Q)
I/I
0)

O



2/BYS
BYPASSES 52/ATS

Feult tree: rtedtv
Oueuea l 03/2</95 lO:4l:40
Pege 6

$ 21

EAATOR
ERROR

2/BYS DOES
NOT OPEN

$ 22 $ 25

AATOR
EAAOA

OPERATCA A TRIP AELAYS /BYS FAILS
EAAOA OO NOT OPEN CLOSES

CIRCUIT

$ 23
$ 26

CHANICAL
HALFte» T ION

$ 28

$ 2e A
OE

$ 27

ALL CONTACTS
SHOATEO

$ 29

CD
I/)

CO

0I:
CD
I/I

U
0'D
CDr+
CD

C

Q
GI
CO
8$

O



AAIN 8
UNAVAILABLE
OVE TO TEST OA
HAINTENANCE

FAVIL \840: PIA $ $ v

Ovtvtd $ 03/24/95 $ 0: 4$ : 40

Page 7

$ 30

AAIN 8
UNAVAILABLERK
tO EITHER TEST
OR HAINTENANCE

RAIN A NOT
UNAVAILABLEDUE
TO TEST OA
HAINTENANCE

$ 3$
TB

$ 3

RAIN 8
UNAVAILABLE OVE
TO TEST

Tet

RAIN 8 AAIN A
UNAVAILABLEOUE N$AVAILABLEOVE
'TO NAINTENANCE tO TEST OA

HAINTENANCE
'TBH

$ 33 TA
$ 35

(D
O)

D
$El

0
C
VT
(8

0
O'D

Q

C

Q
6)
OT
0$

hJ
O



TRIP IH THEl CHANNEL Fault tree: rtsdlv
Oueued I 03/24/95 10: 41: 40

Pege 8

$ 3d

A TAIP RELAYS
OO NOT OPEH
CIRCUIT

A TRIP BREAKEAS AAIN A
00 NOT OPEN ON (e(AVAILABLE OUE
SIGNAL TO TEST OA

NAINTENANCE

$ 37
SEE PAGE $ 6

TRIP SIGNALS
TO RELAY

AAO ASl5 15 Ale l515
VCL'1 SLIMLY AIO CIACUIT
PAOTECT ION CGHPONENT
FAILEO F lIL(%(K

NPUT RELlY A 2/RTA FAILS 2/BYA BYPASSES
GAONO AET(QN CLOSED 52/ATA
OPEN (SEE IA 1)

LAS

$ 38 23d
SEE PAGE $ 4

TRIP SIGNAL
GH PZA HIGH
PAESSUAE

TRIP SIGNAL
ON OYER(EHP
OELTA I

$ 5 V(X.T CIACUIT (5 VOLT BUS
COHPOHENT FAILEO ÃILFTEO LOll

$ 5VA

$ 39 $ 8$
SEE PAGE 13

243

$ 40 LC
$ 79 $ 80

LC
234

CO

235

TAIP SIGNAL OGIC CABINET ISTABLK CONNGN TAIP SIGNAL OGIC CABINET ISTABLE CCNNON
GN HIGH COHHN( ClUSE CAUSE FAILURES ON OVEA CONN(XI CAUSE CAUSE FAILUAES
PfKSS(A(IZEN TENPEAATN(E
PAESSUAE DELTA 1 TRAIN 8

249

AKEA
IKCHANICAL
HALF(XCTICH

52AN

ALL CONtACTS
SNORTED

52AC

SKE PAGE $ 5
(0
th

D
(O

0
(:
tlat
(0

U
O

'Z3

(0r+
LL)

0
Dl
0)
US

O
AAO A4$ 5 DIODE

CR 30 FAILEO
TO OPEN

88020

$ 41

A(e A4$5
(44KRVO(LACE
PIN ld FAILEO
OPEN
88Pldl

$ 42

AAO A415X HO
HIGH PRESSURE
SIGNAL

$ 43

lAO A5$5 OLOOE
CA 24 FAILEO
OPEN

0024

163

ARO l515
(eeEAVOLTAGE
( IN 25 FAILEO
(PEN
PP25

$ 84

SIGNAL FRCH
CARO A313X

SEE PAGE $ 2

OSS OF $ 5 V OC AAO A4$ 62 lRO l4ldX LOGIC A4$7X CHANNEL
tO CASE) A415X IKLTLPLEX IC Z4 IC FAIL(F(E OA CONNECTOR

FAILKO SHOAT FAILURE

ddl50C BBHZ4

lAO A4$5X
0 ISCAEE I
COHPCNEHT
Flit(QE

$ 44 $ 45 145 $ 74

AAO A4$6X GATE
Z3 FAILEO CPQI

BGGZ3

AAO A4$ 5X OATt
Z2 FAILEO SHORT

SGGZ2

ARO A4$ 5X GATE A416X OUTPUT
Zl FllLEO SHCAT PIH 3 FAILEO

OPEN

BGGZ I BPP3

A4$6X 2/3
CtWOKL FALL(NES

SEE PAGE $ $

ARO A4$6X
ZKNEA OLOOK
CA 25 FAILF.O
SHOAt
Z0025

A(e AlldX
ZENKR OL CUE
CA 2$ FAILEO
SHORT
Z002$

Are A416X
ZENER OLCOE
CR 22 FAILEO
SHOR I
10022

AID A4$6X
REGIS'(OA RS
FAILEO OPEN

PP(%5

$ 47 $ 48 $ 49 $ 51 $ 75 $ 76 $ 77 $ 78



A313X FAILCXtK
IH CHANEL 4 Feult tree I rtedlv

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

Pege 9

AAO A313X ltd%I AAO A313X II@%I ARO A313X 114%I
DIODE CA 12 DIODE CA 6 PIN 10 FAILED
FAILKO OPEN FAILEO OPEN OPEN

3012 306 3P10

AAO A313X I 4%T ARO A313X ItOUT A313X INPUT
PIN 36 FAILEO PIN 13 FAILEO CIRCUIT 4
OPEN OPEN FAILEO

3P16 3P13

87 89 92

AAO A313X TEST
DIODE CA ~
FAILED OPEN

TD4

AAO A313X AAO A313X
RELAY K 421A BISTABLK TC 441C
CONTACtS DO NOT FAILEO HIGH
CLOSE
A421A 81441

93 94 95
84

CD
CO

CEI

0
C
Ch
CD

U
O

'E3

CD

C

Q
Dl
CO
CO

hD
O



AAO A3I3X
0 ISCRETE
CONPONENT
FAILtetE

Fault tree: r tedtv
Oueued: 03/24/95 IO: 4L'40

Page IO

96

AAO A3I3X AAO A3I3X
IENER DIODE CA ZENEA DIOOE CA
25 FAILEO SHORT 2l FAILEO SHORT

3Z025 3Z02 I

AAO A3l3X AAO A3I3X
OUTPUT OIOOE CA RESISTOR R5
22 FAILEO OPEN FAILED HIGH

3022 3A5

97 96 I00

I/I

CO

O
C
CO
CD

U
O'O

CD

CD

C

Q
0)
I/I
0)

hD
O



A416X 2/3
CHAseEL FAILUAES

Fevit tree: r tedsv
Oueved: 03/24/95 10: 41: 40

Plge 1 1

2/3 $ 52

l4$ 6X FAILURE
IN CHANNEL

A415X FAILURE
IN CHAsesEL 2

A4$ 6X FAILUAE
IN CHANNEL 3

$ 53 $ 60 167

AAO A416X
DIODE CA 1

FAILEO OPEN

6001

$ 54

AAO A415X TEST
DIODE CA 1
FAILEO OPEN

BTTOI

$ 57

lAO A415X PIH
5 FAILEO OPEN

lAO A415X
RELAY K 130A
CONTACTS 00 HO'1
CLOSE
RC130

A416X FAILURE
IN CHAsesEL

$ 56

lAO A415X
BISTABLE PC
455A FAILEO HIGH

Cl
$ 59

AAO A4 6X AAO A416X ISAHST
INPUT 0 OOE PIH 6 FAILEO
CA 3 FA LEO OPEN OPEN

A415X INPUT
CIRCUIT 2
FAILURE

AAD A416X
DIODE CA Sl
FAILEO OPEN

80011

161 $ 63

AAO A415X TEST
DIODE CA 2
FAILEO OPEN<

BT002

154 165 C2
$ 66

$ 71

AAO AAISX AAO l416X AAO A4$6X TEST
RELAY K 2$ 2A BISTABLE PC DIODE CA 3
CGNTAC'TS DO NO'I 455A FAILEO HIGH FAILEO OPEN
CLOSE
RC212 PPT003

AAO A416X
INPUT PIN 19
FAILED OPEN

PPPP19

A416X INPUT
CIRCUI 'l 3
FA ILUAE

$ 69 $ 70

$ 72 C3
$ 73

AAO 44$ 6X ARO 4416X
RELlY K 3$ 6A BISTABLE PC
CONTACTS 00 NOT 457A FAILED HIGH
CLOSE
RC316

CD
C/I

CO

0
C
0$
CD

0'0
1

CDre
0)

n
CD
C/I
I/I
tOn



SIGNAL FAON
CARO A3$3X Fevlt tree 1 etedlv

Oveved 1 03/24/95 10: 411 40

Pege 12

185

A313X MULTIPLEX OSS OF $ 5 VOLTS
IC 24 FAILKO OC TO CARO
SHORT A3$ 3X

wZ4

AAO A313X
LOGIC IC
FAIt.URE

A313 CHASNKL OA AAO A313X
CONNECTION 0 ISCAE iE
FAILURE CGNPONKN'1

FAILtÃtE

$ 86 $ 87 $ 91
SKE PAGE $ 8

INTEO MIRING
tMt CARO A313X
OPEN

MMI313

AAO A3$ 3X PIN
46 FAILEO OPEN

PP46

AAO A313X PIH 2 AAO A313X
FAILED OPEN GA'IE Z3 FAILEO

GGZ3

AAO A313X
GAIE Z2 FAILEO

GGZ2

AAO A313X
GATE Zl FAILEO

GGZ 1

188 $ 89 190 $ 92 193 $ 94

A313X FAILURE IN
CHAtetKL 1

A313X FAILURE IN
GNARL 2

AAO A313X iteHST AAO A313X ItOUT A313X INPUT
DIODE CR 3 PIH 8 FAILEO CIRCUIT 2

FAILEO OPEN OPEN FAILURE

003 PPB

AAO A313X IteNST AAO A313X I$5eST A313X INPUT
DIODE CR I PIN 5 FAILEO CIRCUIT 1

FAILEO OPEN GPKN FAILURE

001 PP5

A313 OUTPUT PIH A3$ 3X
3 FAILEO OPEN CHANt43.

FAILUAES

PP3

196 3/4 $ 97

A313X FAILtltE IN A313X FAILURE
CHAtetKL 3 IN CHAteE:L 4

212
SEE PAGE 17

213 2$ 4 215

AAO A313X ISGHST AAD A313X IIGHST A313X INPUT
DIODE CA PIN $ 9 FAILEO CIRCUIT 3

FAILED OPEN OPEN FAILURE

001 1 PP19

ib
0)

D
IEI

0t:
t/$
ID

U
0

'K3

I

0
0)
t/)
10

h3
O

AAO A3$3X TEST
DIODE CRS FAILEO

OPEN

TDOI

AAO A313X
RELAY K $ 12A
CONTACTS DO NOT
CLOSE
RC112A

AAO A313X
BISTABLE TC
~ SSC FAILEO
HIGH

AAO A3$3X TEST
DIODE CA 2
FAILKD OPEN

TD02

AAO A313X
RELAY K 235A
CONTAC'IS 00 NOT
CLOSE
AC235A

AAO A313X
BISTABLE TC
4210 FAILEO
NIGH

AAO A313X TEST
DIODE CA 3
FAILKO OPEN

TD03

AAO A313X AAO A3$3X
RELAY K 323A BISTABLE TC
CONTACTS 00 NOT 431C FAILED
CLOSE HiGN
RC323A

81 2$ 0 82
211

215 217 83
2$ 8



15 VOLT CIRCUIT
CONPNIENT FAILEO

FduII II'44 I I'140Iv
Ou4u4d: 03/24/95 10: 41140

F404 13

231

ENER DIODE CR6
FAILED SHORT

RANSISTOR 02 RANSISTOR 01 SISTOR RI
FAILEO C E SHORT FAILEO C E SHORT FAILEO SHORI

IOOE CR8
FAILEO OPEN

IDEA 102A TOIA RIA OSA

238 230 240 241 242

CD
CO

D
CC3

O
C
CO
CD

U
0'o
CD

C

n
0)
Ql
CO

O



ARO A5l5
C IRCUII
CONPONENT
FAILURE

Fevlt ttee: t tedlv
Oveved I 03/24/95 IO: 4l: 40

Pege l4

244

RANSISTOR 05 RANSISTOR 04 RANSIS'IOR 03 ENER OIOOE CR
FAILEO C E SHORT FAILEO C E SHORT FAILED C E SHORT l2 FAILEO SHORT

705A T04A T03A tO l2

24$ 246 247 248

CD
00

CCl
D
O
C
CO
CD

U
Cl

'E3

CD

C

Q
D)
CO
CO

tO
O



2/BVA BYPASSES
52/RTA Feult tree: etadlv

Oueued I 03/24/95 lO: 4l: 40

Peee l5

RATOR
ERROR

2/BYA DOES
NOT OPEN

OPER I

ONNON OPERATOR TRIP RELAYS 2/BYA FAILS
ERROR OO NOT OPEN CLOSED

CIRCUIT

255 OE 8
257 259

CHAN ICAL
NALFtee T ION

52ANN

ALL CONTACTS
SNORTED

52ACS

CD
(0rt

IE3

0
C
M
ID

0
O

'E3

CD

Q
Q)
Th
M
M
O



RAIN A
UNAVAILABLEOUE
TO TEST OR
NAINTENANCE

Feult tree: rtsdlv
Oueued 03/24/95 10'AI 40

Pege I6

RAIN A
UNAVAILABLEDX
TO TEST OR
NAINTENANCE

RAIN 8 NDT
UNAVAILABLEOUE
TO TEST OR
NAINTENANCE

264
TA

RAIN A RAIN A
UNAVAILABLEOUE UNAVAILABLEOUE
TO TEST TO NAINTENANCE

TAT TAN

RAIN 8
UNAVAILABLEOUE
TO TEST OR
NAINTENANCE

266 TB
268

CD
I/t

D
CQ

0
C
CO
CO

O
'ZJ

CD

CO

Q
CD
I/I
I/I
h)
A

1



A313X FAILURE
IN CHAldKL ~

FAvlt tdtt I PtSdlv
Ovevcd: 03/24/95 10: 41: 40

PAOA IY

219

ARO A313X I%HIT ARO A313X It@%I ARO A313X 114%I
0100E CR 12 OICOE CR 6 PIN 10 FAILEO
FAILEO OPEN FAILEO OPEN OPEN

0012 006 PP 10

ARO A313X INPUT ARO A313X 114%I A313X INPUT
PIN 36 FAILFO PIN 13 FAILEO CIRCUIT 4
OPEN OPEN FAIL'EO

PP16 PP 13

221 222 223 224

ARO A313X TEST
OICOE CR ~
FAILEO OPEN

ARO A313X ARO A313X
RELLY K 421A SISTABLE TC 4410
CONTACTS 00 NOT FAILEO NIGH
CLOSE
RC421A

226 227 84

(D
IO

D

0
C
M
CD

0
O

(D

C

0
0)
IO
Ql

O



AAO A3l3X
DISCRETE
CGNPONENT
FA ILtÃ)E

Fault tace I ptedlv
Oueued ) 03/24/95 l0: al) ag

Page )8 CLAST)

229

AAO A3$ 3X
ZENER 0)DOE CA
25 FAILEO SHOAT

22025 ZZ02) 0022

AAO A3)3X AAO A3)3
ZENER DIODE CA OVTPVT DIODE CR
2) FAILED SHORT 22 FAILED OPEN

AAO A3)3X
RES)STOA R5
FAILEO HIGH

AA5

230 23) 232 233

U

M
C)0

CD
0)
P+

CC3

0
C
Ql
CD

O

CD
Pt
O)

C

Q
O)
0)
D)

O



TRIP ON
PRE SSURI ZER
HIGH PRESSURE

Feult tree: e: t~oyfnstrifAr tr24.aet
Oueued f 03/24/95 IS:34:53
PAQe

AXER
COHNIXf CAUSE

TRIP IN THE
A OR 8 CHANNELS

TRIP IN THE
8 CHANNEL

TRIP IN THK
A CHANNEL

TRIP RELAYS
00 NOT OPEN
CIRCUIT

TRIP SIGNAL
TO RT 9/8

3/4 6

SEE PAGE 4

T 9/8 CONTACTS T 10/8
SHORTEO CON fACTS

SHORTEO

RT98 RT 108

17

ISTABLE Afef
RELAY Ca+ON
CAUSE

SRCC

18
CC

19

SEE PAGE 3

2/RTB FAILS
CLOSED

2/BYB BYPASSES
52/RTB

SEE PAGE 2

TRIP BREAKERS RAIN 8
OO NOT OPEN ON UNAVAILABLEOUE
SIGNAL TO TEST OR

HAINTENANCE

(D
IO

IV'E3

0
C
M
(D

U
O'O

ID
Ire
O)

C

0
DI
M
V)

A
4558 XB

CON'fAC'fS CLOSED
~ 568 XS

CONTACfS CLOSED
~578 XS

CONTAC'fS CLOSED
4588 XS AXER

CONTACfS CLOSED IKCHANICAL
HALFtkCT ION

ALL CONTACTS
SHORT EO

10 13 72 22

4558 XS
CONTACTS SHORTEO

455XS

4558 BISTABLK 4568 XB
FAILS TO REHOYE CONTACTS SHORTEO
POXER TO RELAY

C 4568 BISTASLE C 4578 XS
FAILS TO REHOVE CONTACTS SHORTEO
POXKR TO RELAY

~ 57XS

4578 BISTABLK C 458 XB
FAILS TO RENOVE CONTACTS SHORTED
POXKR TO RELAY

458XS

4588 BIStABLE
FAILS TO REHOVE
POSER TO RELAY

12
14

15
73 4

74



2/BYB BYPASSES
52/RTB

Feult tree l c: Xroylnstr hf tetr 24.det
Oueued I 03/24/95 l5: 34: 53

Pege 2

23

2/BYB DOES NOT
OPEN

A TAIP RELAYS
OO NOT OPEN
CIACUIT

/BYB FAILS
CLOSED

25
28

AREA
IKCHANICAL
HALFWCTION

528Ylel

ALL CONTACTS
SHCATEO

528YCS

3l

ID
0)

(E3

0
C
0)
(D

U
O

ID

Q
Q)
I/)
TO

IV
A



RAIN 8
UNAVAILA8LEOUE
TO TEST OA
HAINTENANCE

Feult tree: c: XwoytnstrhfArtr24.det
Oueued: 03/24/15 I5: 34: 53

PAQe 3

RAIN 8
UNAVAILA8LEDUE
TO TEST OA
NAINTENANCE

RAIN A NOT
UNAVAILAOLE OUE
TO TEST OA
NAINTENANCE

33
I8

RAIN A
tNAVAILAOLEOX
TO TEST OA
KAINTENANCE

34 35 TA
37

AAIN 8 RAIN 8
UNAVAILAOLEDUE UNAVAILA8LEOUE
TO TEST TO NAINTENANCE

TBT TON
CD
IO

tE3

0
C
tO
CD

U
O

CD

C

Q
CD
IO
IO

O



TAIP IN THE
A CHANNEL Feult tree: cl tuoylnstrVt&tr24.det

Oueued l 03/24/95 l5: 34: 53

Pege 4

38

A TAIP RELAYS
00 NOT OPEN
C IRCVIT

A TRIP BAEAKEAS
00 NOT OPEN ON
SIGNAL

AAIN A
tetAYAILABLEovE
TO TEST OA
NAINTENANCE

39
A

TRIP SIGNAL
TO AT 9/A

I 9/A CONTACTS I IO/A CONTACTS ISTABLE ANO
SHOATEO SHOATEO RELAY COWON

CAUSE

ATSA ATjoA

3/4 40 5l

4558 XA
CON'IACIS CLOSEO

4568 XA
CONTACtS CLOSEO

4578 XA
CONTACTS CLOSEO

~ I 47

C 4558 XA 4558 BISTABLE 4568 XA
CONTACTS SHORTEO FAILS TO RENOYE CONTACTS SHOATEO

POXEA TO RELAY

455XA 8 I455 456XA

42 43
I

45 46
2

48 49

4568 BISTABLE 4578 XA ~578 BISTABLE
FAILS TO RENOYE CONTACTS SHORTEO FAILS TO REHOYE
POXEA TO RELAY POXER TO RELAY

BI456 457XA 8 I457

/ATA FAILS
CLOSEO

4588 XA AXEA
CONTAC'IS CLOSEO IKCHANICAL

NALFWCTION

52ANN

55

76 77

4588 XA 4588 BISTABLE
CONTACTS SHOATEO FA'ILS TO RENOYE

POMER TO RELAY

458XA 8 I458

SEE PAGE 6

/BYA BYPASSES
52/RTA

SEE PAGE 5

ALL CONTACTS
SHOATEO

52ACS

56

IO
07
P+

Kl

O
C
U)
IO

U
O

'E3

(0
IV'

OI
U)
07

tO
O



2/BYA BYPASSES
52/RTA Fsult tr cc: e: xuoyinstrhc ter tr2s.dst

oucucd: 03/2s/05 I5: 3s: 53

Psyc 5

57

ERATOR EfstOR 2/BYA OOES NOT
OPEN

ERATOR ERROR OHHON OPERATCR TRIP RELAYS 2/BYA FAILS
ERROR OO NOT OPEN CLOSED

CIRCUIT

59
62

CHANICAL
HALFICC IION

52AYHH

53

ALL CONTACTS
SNORTED

52AYCS

CD

(E3

0
C
0)
ID

9
0

'C3

(DPt
G)

Q
G)
Ch
VI

hJ
O



AAIN A
UNAVAILABLEOUE
TO TEST OA
NAINTENANCE

FSVlt tree I CdhvsdlnStAtt&t~2a.det
Oveved: 03/24/95 15: 3AN 53

Psse 6 (LAST)

RAIN A
tSTAVAILABLE OUE
TO TEST OA
NAINTENANCE

RAIN 8 NOT
UNAVAILABLEOUE
TO TEST OA
MAINTENANCE

67
TA

70

AAIN A AAIN A U RAIN 8
UNAVAILABLEOUE NAVAILABLEOX UNAVAILABLEOUE
TO TEST TO NAINTENANCE TO TEST OA

NAINTENANCE
TA'I TAN

O

CA)

69 TB
7I

CD
Ol
IPt

CC3

0
C
CO
CD

D
0'U
CDPt
CD

C

0
CD
CO
CO

O



0 TAIP GN OVEA-
TENP DELTA I C
HIGH PZR PRESStÃ$
DIVERSITY CASE

9

Flult tree: c: tro9$ nstnttthdtversen.d<
Oueuea I 03/24/95 $ 5: 37: $ 2

P494 I

TRIP IN THE
A OA 8 TRIP
CHAW%LB

AKEA CONNGN
ClUSE

BCC

$ 05

TAIP IN THE
8 CHANNEL

TAIP IH THE
A CHANNEL

SEE PAGE $ 0

RELAYS DO
NOT OPEN
CIACUIt

T 3/8 CONtACTS T 4/8 CONTACTS
SHORTEO SHOR'TE0

C48

TAIP
SIGNAL TO
RELAY

TRIP BREAKEAS
00 NOI'PEN (N
SIGNAL

35

2/RTB
FlILS CLOSED

2/BYB
BYPASSES 52/ATB

39

AAIH 8
UNAVAILlBLE
RK TO TEST OA
HAINTENANCE

48

49
TB

SEE PAGE 9

AllN 8 AAIN A NOT
I%AVAILABLEOUE UNAVAILABLEOUE
tO EITHEA TEST TO TEST OR
OR HAINTENANCE NAINTENANCE

CD
I/I

D
(O

O
C
I/I
TD

U
O'D

ID

C

0
0)
M
ID

O
TAIP

SIGNAL FROH
PRESQSIIZEA
HIGH PRESSUAE

TAIP AKEA
SIGNlL FROM MECHANICAL
OYERTEHPEAATURE NALFINCIION
DELTA-t

52SNH

ALL CONTACTS
SHGRTEO

ERATOA
ERROR

/BYS DOES
NOT OPEN

AAIH 8 AAIN 8
UNAVAILABLE OUE UNAVAILABLE DUE
TO TEST TO NAINTENANCE

TBT tBN

37 40 ~ 3 5$

ISTABLE
COHNON CAUSE
FAILURES

BICC

TAIP
SIGNAL TO
RELAY

ISTlSLE
COHNON CAUSE
FAILURES

SICCO

TRI SIGNAL
TO RT 3/8

EAATOA
ERAOR

OPEAATOA A TRIP RELAYS 2/BYB FAILS
ERROR DO NOT OPEN CLOSED

CIACUIT

COE

2/3 $ 0
CC

2$ 3/4 22
CO

4$ A
OE 44

~ 5

4558 XB 4568 XB
CONTACTS CLOSED CONTACTS CLOSED

C 4578 XB C 4$ $ C XB
CONTACTS CLOSED CONtlCTS CLOSED

C 42$ C XS C 43$ C XB
CONTACTS CLOSED CONTACTS CLOSED

C 44$ XS
CONTACTS CLOSED

CHANICAL
NALFINCTION

52YHN

ALL CONTAC'TS
SHORTEO

52YC

SEE PAGE 2 SEE PAGE 3 SEE PAGE 4 SEE PAGE 5 SEE PAGE 6 SEE PAGE 7 SEE PAGE 8
47



a558 x8
CONTACTS CLOSED

Fault tree I t: twoylnstrtI'Adlversea.d<
Oueued: 03/24/05 l5: 325 l2
Page 2

4558 Xl'55 BISTABLE
CONTACTS SNORTED FAILS TO RENOVE

POKER TO RELAY

455X8

l2 IA
I3



4568 XB
CONIACIS CLOSED

Fault tree: c: tuoy Instr%I thdlversea.ui
Oueued I 03/24/95 15: 37I 12

pe9e 3

I~

C 4568 XB C 4568 BISTABLE
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Event Se uence 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

mh2052w.wpf:1d453095 E-2



Westinghouse Proprietary Class 2C

Pre-TOP Case: Solid State Pro ection S s em 2 of 4 Lo ic

Total plant damage state frequency = 5.706E-005

NUMBER FREQUENCY PERCENT SUM
EVENT VALUE DESCRIPTIOH

5.

17.

18.

24.

25.

26.

27.

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 40K
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

1.148E-006 2 ~ 01K 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)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1 'OOE+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

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 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1 'OOE+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

5.902E-007 1.03/ 1.904E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING

5.859E-007 1 '3/ 1.962E-005
TT 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 40K
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

4.840E-007 0.85K 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 40K
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

4.658E-007 0.82K 2.321E-005
PMF 1 '00E+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 MDPs 0 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.434E-007 0.78K 2.365E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 6.880E-004 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (MLO)
HPI 1 'OOE+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.DOGE+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

4.404E-007 0.77/ 2.409E-005
PMF 1 '00E+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/e
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.850E;002 2/2 MDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

E-3



Westinghouse Proprietary Class 2C

Pre-TOP Case: Solid S a e Pro ection S s em 2 of 4 Lo ic Con 'd

29.

31.

33.

37

38.

42.

43.

47.

49.

53.

4.253E-007 0.75K 2.495E-005
LMF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40)I
OMG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AHD HO 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 PNER BUS A FAIL (WITH DGs - LOSP)
AFW 2 ~ OOOE-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 0.68K 2.657E-005
PHF 1.500E+000 Partial Loss of Main Feedwater Flow
AFM 2.710E-005 2/2 MDPs S TDP- 2/4 SGs FAlL- 5 HRS- ALL SUPPORT
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT
OAB 1 ~ OOOE-002 OA TO ESTABLISH BLEED AND FEED COOLIHG -START Sl

3.589E-007 0.63K 2.802E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

3.422E-007 0.60K 2.836E-005
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 1.180E-003 EHGINEERED SAFETY FEATURES TRAINS AIIB FAIL (LLO)
LPI 1.DOGE+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.DOGE+000 CCUs FAlL TO PROVIDE COOLIHG- 24 HRS- NO SUPPORT

2.809E-007 0.49/ 2.954E-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

2.799E-007 0.49K 2.982E-005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC POMER BUS A FAIL (WITH DGs - LOSP)
AFM 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
COH 1.000E+000 1/3 COH 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 PNER BUS A FAIL (WITH DGs - LOSP)
AFM 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.DOGE+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 0.43K 3.137E-005
LOSP2 1 ~ 000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAIL (WITH DGs - LOSP)
AFM 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

2.355E-007 0.41/o 3 '33E-005
TT 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 40K
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 EHERGENCY BORATION

E-4



Westinghouse Proprietary Class 2C

Pre-TOP Case: Solid State Pro ec ion S em 2 f 4 Lo ic Con 'd

54.

55.

57.

70.

71 ~

75.

81.

86.

2.343E-007 0.41K 3.256'E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
AFW 2.710E-005 2/2 MOPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

COH 1 ~ DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.267E-007 0.40K 3.279E-005
TT 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'HG

5 ~ 000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.850E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - AI.L SUPPORT

2.143E-007 0.38/ 3.323E-005
TT 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 40K
OMG 5.000E-001 OA TO TRIP HG SETS
AFW 8.850E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.809E-007 0.32K 3.457E.OOS
LOSP1 4 '00E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2 ~ OOOE-002 HDP 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 8 SPRT

1.710E-007 0.30K 3.564E.005
LHF 5.300E-001 Loss of Hain Feedwater Flow
RT 1 ~ 700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EHERGENCY BORATION

1.646E-007 0.29K 3.580E"005
LHF 5.300E-OO'I 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 40K
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS

AFW 8.850E-002 2/2 HOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.556E-007 0.27K 3.644E-005
LMF '.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-OO'I OA TO TRIP MG SETS
AFW 8.850E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.482E-007 0.26K 3.674E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 HDPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs- 1/2 RHR- AI.L SUPPORT

1.429E-007 0.25K 3.732E-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 8 SPRT AVAIL
LPI 1.DOGE+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

1.372E-007 0.24'A 3.801E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
AFW 2.710E-005 2/2 HDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-. NO SUPPORT
OAB 1 ~ 000E-002 OA TO ESTABLISH BLEED AND FEED COOLIHG -START SI
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Westinghouse Proprietary Class 2C

Pre-TOP Case: Solid S a e Protec ion S stem 2 of 4 Lo ic Con 'd

87. 1.364E-007 0.24K 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 40j
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

PPR 2.690E-001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL

89. '1.330E-007 0.23K 3.842E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

ONG 5.000E-001 OA TO TRIP NG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1 '50E-001 OA TO ESTABLISH EHERGENCY BORATION

97. 1 '68E-007 0.20K 3.941E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5 ~ OOOE-001 OA TO TRIP HG 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

98. 1 '29E-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 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP NG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

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

TOP Case: Solid State Protection S s em 2 of 4 Lo ic

Total plant damage state frequency = 5.800E-005

NUMBER FREQUENCY PERCENT SUH

EVENT VALUE DESCRIPTIOH

1.239E-006 2.14/ 9.213E-006
PHF 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 IHITIAL POMER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-QD1 FULL AFM AND NO CRI ALL SUPPORT AVAIL

6.

9.

16.

18.

24.

25

'6.

27.

1.147E-OQ6 1 98K 1.036E-Q05
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E 002 4160 V AC POWER BUS A FAlL (WITH DGs - LOSP)
AFW 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT

HPR 2.800E.002 1/2 CCPs- 1/2 RHR- TR A SPRT FAIl.S

9.990E-007 1.72K 1.348E-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)
AFM 2.000E-002 HDP 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
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP

6.030E-007 1.04K 1.846E-005
TT 7.300E-001 Turbine Trip
RT 1 ~ 760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E 001 INITIAL POMER LESS THAN 40K
OMG 5.000E 001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

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

5.899E-QQ7 1.02K 1.965E-Q05
SGR 2.500E-002 Steam Generator Tube Rupture
AFM 2.510E-003 2/2 HDPs &, TDP- 3/3 SGs FAlL- 5 HRS- ALL SUPPORT

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

4.981E-007 Q.MC 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 POMER LESS THAN 40K
OMG 5.000E-QO'I OA TO TRIP HG SETS
OCR 5.070E-001 OA TO IHSERT CONTROI. RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

4.825E-007 0.83K 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 & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.742E-007 0.82/ 2.373E-005
HLO 8.000E-004 Hedium Loss of Coolant Accident
ESF 7.360E-004 EHGINEERED SAFETY FEATURES TRAIHS A&B FAIL (MLO)
HP I 1.000E+000 2/4 HPIs- 2/3 CLEGS- HLO- NO SUPPORT

AFW 1.000E+000 AFW - NO SUPPORT AVAILABLE
CCU . 1 'OOE+000 CCUs FAlL TO PROVIDE COOLIHG- 24 HRS- NO SUPPORT

CCW 1.DOGE+000 1/2 CCW TRAINS - NO SUPPORT

4.561E-007 0.79/ 2.419E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40'A
OHG 5.000E-001 OA TO TRIP HG SETS
AFW 8.860E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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TOP Case: Solid S a e Pro ection S s em 2 of 4 Lo ic Cont'd

28.

31.

32.

34.

37.

42 ~

43.

47.

50 ~

51.

4.378E-007 0.75/ 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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

4.153E-007 0.72K 2.590E-005
LOSP1 4.100E-002 Loss of Offsite Po~er (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 FAlL-- 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 '00E-003 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (LLO)
LPI 1 'OOE+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRT
HPI 1 'OOE+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT
CCU 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

3.879E-007 0.67K 2.708E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
AFW 2.710E-005 2/2 MDPs 8 TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 CON PMPs-1/4 SGs FAlL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.587E-007 0.62K 2.817E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.5'IOE-003 2/2 HOPs 8 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
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INiTIAL POWER LESS THAN 40K
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 0.48K 2.999E-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/. 3.104E-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.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.437E-007 0.42% 3.178E-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 8 SPRT (HO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAlL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

2.424E-007 0.42K 3.202E-005
TT 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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 'I

~ 550E-001 OA TO ESTABLISH EMERGENCY BORATION



Westinghouse Proprietary Class 2C

TOP Case: Solid State Pro ection S s em 2 of 4 Lo ic Con 'd

54.

55.

57.

63.

2.348E-007 0.407+ 3.274E-005
TT 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 40K
OMG 5 ~ OOOE-00'1 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO IHSERT CONTROL RODS
AFW 8.860E-002 2/2 MDPs 8 TDP TO 4/4 SGs FAlL- 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 8 TDP- 2/4 SGs FAlL. 5 HRS. ALL SUPPORT
CON 1.DOGE+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 0.38K 3.342E-005
TT 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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.860E-002 2/2 MOPs 8 TDP TO 4/4 SGs FAlL- 5 HRS - ALL SUPPORT

1.879E-007 0.32K 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
LPI 1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

1.801E-007 0.31K 3.513E-005
LOSP1 4 '00E-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 8 SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
PZR 4.490E-003 1/2 PZR PORVsR BLOCK VLVS FAIL TO OPER- TR 8 SPRT

70. 1.760E-007 0.30K 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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
OBR 1 '50E-001 OA TO ESTABLISH EMERGENCY BORATION

1.705E-007 0.29K 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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
AFW 8.860E-002 2/2 HOPs 5 TDP TO 4/4 SGs FAlL- 5'RS - ALL SUPPORT

76.

78.

1.612E-007 0.28K 3.683E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
RT 1 ~ 760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5 ~ 000E-001 OA TO TRIP MG SETS
AFW 8.860E-002 2/2 MDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.481E-007 0.26K 3.713E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MDPs 5 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

1.404E-007 0.24K 3.785E-005
SIS 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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR '.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL
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TOP Case: Solid S a e Protection S s em 2 of 4 Lo ic Cont'd

87. 1.376E-007 0 '4K 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 '70E-001 OA TO INSERT CONTROL RODS
OBR 1 '50E-001 OA TO ESTABLISH EMERGENCY BORATION

88. 1.373E-007 0.24K 3.854E-005
MLO 8.000E-004 Meditan 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

89. 1.371E-007 0.24K 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
COH 1 ~ OOOE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

90. 1.370E-007 0.24K 3.881E-005
MLO 8.000E-004 Mediun Loss of Coolant Accident
ESF 2.420E-002 ENGIHEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LPR 8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR 8 SUPPORT AVAIL

94. 1.293E-007 0.22K 3.934E-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 '70E-001 OA TO INSERT CONTROL RODS
AFW 6.560E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

100. 1.162E-007 0.20K 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 40K
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 EHERGEHCY BORATIOH
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Westinghouse Proprietary Class 2C

Pro osed Case: Solid State Pro ection S stem 2 of 4 Lo ic

Total plant damage state frequency = 5.835E-005

NUHBER FREQUENCY PERCENT SUM

EVENT VALUE DESCRIPTION

5.

9.

14.

18.

22.

25.

26.

27.

1.265E-006 2.17X 9.238E-006
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT

PLL 8.610E-OO'1 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

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

1.147E-006 1.97/ 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)
AFW 2.000E-OOZ HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT

HPR 2.800E-OOZ 1/2 CCPs- 1/2 RHR- TR A SPRT FAlLS

9.975E-007 1.71/ 1.350E-005
LOSP1 4 '00E-002 Loss of Offsite Power (Single Unit) "

4KAC 5.470E-002 4160 V AC POWER BUS A FAlL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAlL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAlL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL. LOSP

6. 155E-007 1 ~ 05K 1.728E-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 40K
OMG 5 ~ 000E-001 OA TO TRIP MG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-OD'1 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

5.898E-007 1.01/ 1.968E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.5'IOE-003 2/2 MDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLIHG

5.084E-007 0.87K 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 40K
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

4.939E-007 0.85/ 2.33'IE-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAll.S (DIVERSE SIGHAI. WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POllER LESS THAN 40K
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

4.781E-007 0.82K 2.379E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.420E-004 ENGINEERED SAFETY FEATURES TRAINS AEB FAIL (HLO)
HPI 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 FAlL TO PROVIDE COOLING- 24,HRS- NO SUPPORT

CCW 1.000E+000 1/2 CCW TRAINS - NO SUPPORT

4.669E-007 D.BOX 2A26E-005
PMF '1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAl. POWER LESS THAH 40K
OHG 5.000E-001 OA TO TRIP MG SETS
AFW 8.870E-002 2/2 HDPs & TDP TO 4/4 SGs FAlL- 5 HRS - ALL SUPPORT



Westinghouse Proprietary Class 2C

Pro osed Case: Solid S a e Pro ection S stern 2 of 4 Lo ic Con 'd

28. 4.469E-007 0.77K 2.470E-005
LMF
RT
PLL
OHG

OCR

PPR

5.300E-001 Loss of Hain Feedwater Flow
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40K
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

31 ~

32.

34

'7.

41.

43.

47.

48.

51.

4.146E-007 0.71/ 2.598E-005
LOSP1 4 '00E-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 PHPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

4.146E-007 0.71X 2.639E-005
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 1.430E-003 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (LLO)
LPI 1.000E+000 1/2 RHR PHPs TO 2/3 COLD LEGS- LLO - NO SPRT
HPI 1.DOGE+000 2/4 HPls- 2/3 CLEGS- LLO- NO SUPPORT
CCU 1.DOGE+000 CCUs FAlL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

3.879E-007 0.66K 2.717E-005
PHF 1 '00E+000 Partial Loss of Hain Feedwater Flow
AFW 2.710E-005 2/2 MDPs 8 TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.DOGE+000 1/3 CON PHPs-1/4 SGs FAlL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.586E-007 0.61/o 2.825E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 HDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

2.951E-007 0.51K 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/
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT COHTROL 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)
4KAC 5.470E-002 4160 V AC PNER BUS A FAlL (WITH DGs - LOSP)
AFW 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAlLS

2.511E-007 0.43K 3.113E-005
LOSP1 4 ~ 100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAlL (WITH DGs - LOSP)
AFM 2 ~ OOOE-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 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)

2.474E-007 0.42K 3.138E-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 40K
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1 '50E-001 OA TO ESTABLISH EHERGENCY BORATION

2.433E-007 0.42K 3.211E-005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAIL (WITH DGs - LOSP)
AFM 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1 ~ DOGE+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
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54. 2.404E-007 0.41X 3.283E-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 40K
OMG 5 ~ 000E-001 OA TO TRIP MG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

55.

56.

59.

66.

69.

71.

78.

80.

2.342E-007 0.40K 3.307E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAlL- 5 HRS- ALL SUPPORT
CON 1 'OOE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAR 6 '90E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.272E-007 0.39K 3.329E-005
TT 7.300E-001 Turbine Trip
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5 ~ OOOE-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 0.34X 3.393E-005
SLO 6.6008-003 Small 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 8 SPRT AVAIL
LPI 1.DOGE+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

1.798E-007 0.31K 3 '24E-005
LOSP1 4 '00E-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 (HO 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 8 SPRT

1.796E-007 0.31K 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 40K
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 EHERGENCY BORATION

1.745E-007 0.30K 3.613E-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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
AF'W 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAlL- 5 HRS - ALL SUPPORT

1.650E-007 0.28K 3.647E-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 40K
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

1.481E-007 0.25/ 3.726E-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

1.458E-007 0.25K 3.755E-005
HLO 8.000E-004 Medium Loss of Coolant Accident
ESF 2.570E-002 EHGINEERED 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. 1.455E-007 0.25% 3.770E-005
MLO 8.000E-004 Medius 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

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%
OHG 5 ~ OOOE-001 OA TO TRIP MG SETS
OCR 5 '70E-001 OA TO IHSERT CONTROL RODS
PPR '.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

85. 1 '07E-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
OHG 5.000E-001 OA TO TRIP HG 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 HDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.DOGE+000 1/3 CON PHPs-1/4 SGs FAlL-- NO SUPPORT
OAB 1 ~ OOOE-002 OA TO ESTABLISH BLEED AHD FEED COOLING -START SI

92. 1.351E-007 0.23% 3.923E-005
PHF 1.500E+000 Partial Loss of Hain 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 HG 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 AHD NO CRI ALL SUPPORT AVAIL

98. 1.215E-007 0.21% 3.998E-005
HLO 8.000E-004 Medius Loss of Coolant Accident
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LPI 6.660E-003 1/2 RPHPs- 2/3 CLEGS- MLO- TR A SPRT FAILS
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Westinghouse Proprietary Class 2C

Pre-TOP Case: Solid Sta e Protec ion S stem 2 of 3 Lo ic

Total plant damage state frequency =,5.717E-005

NUHBER FREQUENCY PERCENT SUH
EVENT VALUE DESCRIPTION

5.

6.

9.

17.

18.

24.

25.

26.

27.

1.203E-006 2.10/ 9.177E-006
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1 ~ 700E-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 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

1.148E-006 2.01X 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 ~ OOOE-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

1.003E-006 1.76X 1 ~ 346E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4QC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2 ~ OOOE-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1 'OGE+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

5.902E-007 1.03X 1.903E-OOS
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

S.BSSE-007 1.02X 1.962E-OOS
TT 7.300E-001 Turbine Trip
RT 1.700E-OOS REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OHG 5.000E-001 OA TO TRIP HG SETS
OCR , 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

4.837E-007 0.85X 2.274E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1 ~ 700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1 '50E-001 OA TO ESTABLISH EMERGENCY BORATION

4.668E-007 0.82X 2.320E-OOS
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E-OOS REACTOR TRIP FAILS <DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
AFW 8.870E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.452E-007 0.78X 2.365E-ODS
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 HPIs- 2/3 CLEGS- HLO- NO SUPPORT
AFW 1.000E+000 AFW - NO SUPPORT AVAILABLE
CCU 1.DOGE+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT
CCW 1 'OOE+000 1/2 CCW TRAINS - NO SUPPORT

4.413E-007 0.77X 2.409E-ODS
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 40X
OHG 5 '00E-001 OA TO TRIP HG SETS
AFW 8.870E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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29.

30.

32.

34.

38.

42.

43.

47.

49.

53

'.262E-007

0.75K 2.495E-005
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 1.470E-003 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (LLO)
LPI 1.DOGE+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

4.251E-007 0.74K 2.538E-005
LMF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POMER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

PPR 2.690E-001 FULL AFM AND NO CRI ALL SUPPORT AVAIL

4.171E-007 0.73K 2.622E-005
LOSP1 4 '00E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC PNER 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.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT
OAB 1 ~ OOOE-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.881E-007 0.68K 2.699E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
AFM 2.710E-005 2/2 HDPs 8 TDP- 2/4 SGs FAlL- 5 HRS- ALL SUPPORT

CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- HO SUPPORT

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

3.589E-007 0.63K 2.844E 005
SGR 2.500E-002 Steam Generator Tube Rupture
AFM 2.510E-003 2/2 HDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

2.807E-007 0.4'.962E.005
LOC 3 '00E-001 Loss of Condenser
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL METH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

PPR 2.690(-001 FULL AFM AND NO CRI ALL SUPPORT AVAIL

2.799E-007 0.49K 2.990E.005
LOSP2 1.000E-002 Loss of Offsite Po~er (Dual Unit)
4KAC 5.470E-002 4160 V AC POMER BUS A FAII. (WITH DGs - LOSP)
AFM 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-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/ 3.096E.005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAIL (MITH DGs - LOSP)
AFM 2.000E-OOZ HDP 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 0.43K 3.145E.005
LOSP2 1.000E-OOZ Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAlL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
COH 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP

2.354E-007 0.41K 3.241E-005
TT 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 40K
OMG 5 ~ 000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION
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54.

55.

57.

70.

71.

81 ~

86.

2.343E-007 0.41K 3.265E-005
PMF 1 '00E+000 Partial Loss of Hain Feedwater Flow
AFW 2.710E-005 2/2 HDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.OBOE+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
TT 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 40K
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONI'ROL RODS
AFW 8.870E-002 2/2 HDPs & TDP TO 4/4 SGs FAlL- 5 HRS - ALL SUPPORT

2.148E-007 0.38K 3.331E-005
TT 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 40X
OMG 5 ~ OBOE-001 OA TO TRIP HG SETS
AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.809E-007 0.32K 3.466E-005
LOSP1 4 '00E-002 Loss of Offsite Po~er (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- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
PZR 4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR 8 SPRT

1.709E-007 0.30K 3.572E-005
LHF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POMER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EHERGENCY BORATION

1.649E-007 0.29K 3.588E-005
LHF 5.300E-001 Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS i(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
AFW 8.870E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL. 5 HRS - ALL SUPPORT

1.559E-007 0.27K 3.653E-005
LHF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP HG SETS
AFW 8.870E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.482E-007 0.26K 3.683E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2 '10E-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 0.25K 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 ~ OOOE+000 LPI- 1/2 LPls- 3/4 CLEGS- NO SUPPORT

1.371E-007 0.24/ 3.810E-005
LHF 5.300E-001 Loss of Hain Feedwater Flow
AFW 2.710E-005 2/2 HOPs & 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 COOLIHG -START Sl
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87. 1.363E-007 0.24/ 3.824E-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 40K
OHG 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. 1.330E-007 0.23/o 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
OHG 5.000E-001 OA TO TRIP HG SETS
OCR, 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1 ~ 550E-001 OA TO ESTABLISH EHERGENCY BORATION

97. 1.172E-007 0.20K 3.949E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 6.150E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

98. 1.129E-007 0.20/o 3.960E-005
LOC 3 '00E-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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1 '50E-001 OA TO ESTABLISH EHERGENCY BORATION

100. 1 '89E-007 0.19K 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/
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5 '70E-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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TOP Case: Solid Sta e Protection S s em 2 of 3 Lo ic

Total plant damage state frequency = 5.832E-005

NUMBER FREQUENCY PERCENT SUH
EVENT VALUE DESCRIPTION

1.237E-006 2.12/o 9.208E-006
PHF 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 40K
OMG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL

6.

9.

14.

17.

19.

25.

26.

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)
AFW 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

9.986E-007 1.71K 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 ~ OOOE-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

6.492E-007 1.11K 1.729E-005
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 2 '40E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAlL (LLO)
LPI 1 'OOE+000 1/2 RHR PHPs TO 2/3 COLD LEGS- LLO - HO SPRT
HPI 1 ~ 000E+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT
CCU 1 ~ 000E+000 CCUs FAlL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

6.021E-007 1.03K 1.910E-005
T'I 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 40K
OMG 5.000E-001 OA TO TRIP HG SETS
OCR 5 '70E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

5.899E-007 1.01K 2.029E-005
SGR 2 '00E-002 Steam Generator Tube Rupture
AFW 2 '10E-003 2/2 HOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING

4.974E-007 0.85/e 2.342E-005
PHF 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 PO'WER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EMERGEHCY BORATION

4.850E-007 0.83/ 2.390E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL 'WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40/i
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.910E-002 2/2 HDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

27., 4.798E-007 0.82K 2.438E-005
MLO 8.000E-004 Hedium Loss of Coolant Accident
ESF
HPI
AFW

CCU

CCW

7.450E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (MLO)
1.DOGE+000 2/4 HPIs- 2/3 CLEGS- HLO- NO SUPPORT
1 'BOE+000 AFW - NO SUPPORT AVAILABLE
1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
1.DOGE+000 1/2 CCW TRAINS - NO SUPPORT
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28.

29.

32.

34.

37.

42.

43.

47.

50.

51.

4.585E-007 0.79/ 2.484E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POllER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
AFW 8.910E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.371E-007 0.75K 2.528E-005
LHF 5.300E-001 Loss of Main Feedwater Flow
RT 1.760E.005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5 ~ OOOE-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

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

4 '51E-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 (MITH DGs - LOSP)
AFW 2.000E-002 HDP TO 2/4 SGs FAlL- 5 HRS- TR B SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAlL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START Sl

3.892E-007 0.67K 2.733E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
AFW 2.720E-005 2/2 MDPs 8 TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
COH 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AHD FEED COOLING -START SI

3.587E-007 0.62K 2.842E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2 '10E-003 2/2 HDPs 8 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 0.49X 2.995E-005
LOC 3.500E-001 Loss of Condenser
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL MITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG 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 0.48K 3.023E-005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAlL (WITH DGs - LOSP)
AFW 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRY FAILS

2.511E-007 0.43K 3.129E-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 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.436E-007 0.424 3.202E-005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAlL (MITH DGs - LOSP)
AFW 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

2.420E-007 0.42K 3.226E-005
TT 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 40K
OHG 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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54

55

'7.

63.

70.

72

'5.

78.

2 '60E-007 0.40K 3.298E-005
TT 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 40K
OHG 5.000E-001 OA TO TRIP HG 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

2.351E-007 0.40/ 3.322E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
AFW 2.720E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.BODE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.231E-007 0.38K 3 '66E-005
TT 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 40X
OMG 5.000E-001 OA TO TRIP HG SETS
AFW 8.910E-002 2/2,HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.879E-007 0.32K 3.483E-005
SLO 6.600E-003 Small Loss of Coolant Accident
ESF 1 ~ 210E-003 EHGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
CCP 2 '50E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL
LPI 1.000E+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

1.800E-007 0.31/» 3.538E-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 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (HO TRA)
CON 1 'OOE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
PZR 4 '90E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

1.757E-007 0.30K 3.609E-005
LHF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL 'WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40yi
OMG 5 ~ OOOE-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EHERGENCY BORATION

1.714E-007 0.29K 3.643E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5 ~ OOOE-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.910E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.620E-007 0.28K 3.692E-005
LMF 5.300E-001 Loss of Hain Feedwater Flow
RT 1 ~ 760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5 ~ OOOE-001 OA TO TRIP HG SETS
AFW 8.910E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1 '81E-007 0.25/ 3.738E-005
SGR 2 '00E-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

1.402E-007 0.24H 3.809E-005
SIS 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 40K
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL
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'7.

1.376E-007 0.24K 3.865E-005
PMF 1 '00E+000 Partial Loss of Main Feedwater Flow
RT 1 ~ 760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL 'WITH OA) - ALL SUPPORT

OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EHERGENCY BORATION

88. 1.375E-007 0.24K 3.878E-005
LHF 5.300E-001 Loss of Hain Feedwater Flow
AFW 2.720E-005 2/2 MDPs 8 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

89. 1.373E-007 0.24K 3.892E-005
HLO 8.000E-004 Median Loss of Coolant Accident
ESF 2.420E-002 ENGINEERED SAFETY FEATURES TRAIN 8 FAILS (HLO)
LPR 8.040E-003 1/2 RPHPs CLEG REC 1/3 CL- HLO- TR A SUPPORT AVAIL

90 '.370E-007 0.23K 3.906E-005
HI.O 8.000E-004 Median Loss of Coolant Accident
ESF 2.420E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (HLO)
LPR 8.040E-003 1/2 RPHPs CLEG REC 1/3 CL- HLO- TR 8 SUPPORT AVAIL

94. 1.300E-007 0.22K 3.959E-005
PHF 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 40K
OHG 5 ~ OOOE-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 6.600E-002 TDP 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 0.20K 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 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EHERGENCY BORATION
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Total plant damage state frequency = 5.893E-005

NUHBER FREQUENCY PERCENT, SUH

EVENT VALUE DESCRIPTION

5.

9.

15.

19.

23

'5.

27.

'1.261E-006 2.'14K 9.2?9E-006
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E.001 OA TO IHSERT CONTROL RODS

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

1.147E-006 1.95/i 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 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

9.966E-007 1.69'.349E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAll. (WITH DGs - LOSP)
AFM 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.OBOE+000 1/3 CON PHPs-1/4 SGs FAlL-- NO SUPPORT

HPI 2.430E 002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

8.459E-007 1.44K 1.533E-005
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 2.920E 003 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (LLO)
LPI '1 'OOE+000 1/2 RHR PHPs TO 2/3 COLD LEGS- LLO - NO SPRT
HPI 1 'OGE+000 2/4 HPIs- 2/3 CLEGS- LLO. NO SUPPORT

CCU 1 'OGE+000 CCUs FAlL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

6.136E-007 1.04K 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 POMER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROI. RODS

PPR 2.690E-001 FULL AFM AND NO CRI ALL SUPPORT AVAIL

5.898E-007 1.00K 2.051E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 HDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING

5.069E-007 0.86K 2.265E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAlLS (DIVERSE SIGNAL MITH OA) - ALL'UPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40/
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5 '70E-001 OA TO INSERT CONTROI. RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATION

4.985E-007 0.85K 2.365E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-OO'I INITIAL POMER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 8.960E-002 2/2 HDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.873E-007 0.83H 2.463E-005
HLO 8.000E-004 Mediun Loss of Coolant Accident
ESF 7.570E-004 ENGIHEERED SAFETY FEATURES TRAIHS ASB FAIL (HLO)
HPI 1 'ODE+000 2/4 HPls- 2/3 CLEGS- HLO- NO SUPPORT
AF'M 1 'OOE+000 AFM - NO SUPPORT AVAILABLE
CCU 1.DOGE+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

CCM '1.000E+000 1/2 CCM TRAINS - NO SUPPORT
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28.

29.

32.

33.

37.

42.

43.

47.

48.

51.

4.712E-007 0.80X 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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.960E-002 2/2 MDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.455E-007 0.76K 2.555E-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 40X
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 '43E-007 0.70'.682E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAIL (WITH DGs - LOSP)
AFW 2 '00E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

3.903E.007 0.66K 2.721E-005
PHF 1 '00E+000 Partial Loss of Main Feedwater Flow
AFW 2.730E-005 2/2 MDPs 8 TDP- 2/4 SGs FAlL- 5 HRS- ALL SUPPORT
COH 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 '86E 007 0.61K 2.869E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.5'IOE-003 2/2 MDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

2.942E-007 0.50K 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 40K
OMG 5 ~ 000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

2.798E-007 0.47K 3.051E-005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (HO TRA)
COH 1 'OOE+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 0.43K 3.156E-005
LOSP1 4 '00E-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 8 SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (IHCLUDES OLP)

2.467E-007 0.42K 3.180E-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 PNER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1 '50E-001 OA TO ESTABLISH EHERGENCY BORATION

2.431E-007 0.41K 3.254E-005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
4KAC 5.470E-002 4160 V AC PNER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAlL- 5 HRS- TR B SPRT (NO TRA)
CON 1 'OOE+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP
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52.

55.

56.

59.

69.

71.

78.

80.

2.426E-007 0.41K 3.278E-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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.960E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

2.359E-007 0.40/. 3.350E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
AFW 2.730E-005 2/2 MDPs 8 TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 'I/3 CON PMPs-1/4 SGs FAlL-- NO SUPPORT
OAR 6 '90E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.293E-007 0.39/ 3.373E-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 40K
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.960E-002 2/2 MDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

2.003E-007 0.34/ 3.436E-005
SLO 6.600E-003 Small 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
LPI 1 'OOE+000 LPI- 1/2 LPIs- 3/4 CLEGS- NO SUPPORT

1.797E-007 0.30K 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 FAlL- 5 HRS- TR B SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
PZR 4.490E-003 1/2 PZR PORVsi BLOCK VLVS FAlL TO OPER- TR B

SPRI'.791E-007

0.30K 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 40K
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

1.761E-007 0.30K 3.657E-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 40K
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 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.665E-007 0.28K 3.691E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITN OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.960E-002 2/2 MDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.481E-007 0 '5K 3.769E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MDPs 8 TOP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

1.458E-007 0.25K 3.799E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 2 '70E-002 ENGINEEREO 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. 1.455E-007 0.25% 3.813E-005
MLO 8.000E-004 Mediun 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 8 SUPPORT AVAIL

83. 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 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

85. 1.406E-007 0.24% 3.870E-005
PMF 1.500E+000 Partial Loss of Main Feedwater FloM
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. 1.379E-007 0.23/ 3.939E-005
LMF 5.300E-001 Loss of Main Feed~ater FloM
AFW 2 '30E-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

91. 1.367E-007 0.23% 3.953E-005
PMF 1.500E+000 Partial Loss of Main Feedwater FloM
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 '70E-001 OA TO INSERT CONTROL RODS
AFW 6.790E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFW AND NO CRI ALL SUPPORT AVAIL

98. 1.215E-007 0.21% 4.041E-005
MLO 8.000E-004 Mediun Loss of Coolant Accident
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LPI 6.660E-003 1/2 RPMPs- 2/3 CLEGS- MLO- TR A SPRT FAILS

100. 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 RODS
OBR 1.550E-001 OA TO ESTABLISH EHERGENCY BORATIOH
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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, (II) that such
use does not infringe on or interfere with privately owned rights, including any party'
intellectual property, or (III) 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).
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ABSTRACT

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

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.
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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

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
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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 turn 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 cabin'et 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 turns 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

Sim lified Dia ram of the Reactor Protection S stem
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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:

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 turn 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 MAINTENANCEACTIVITIES

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
from 2 or 3 to 1 of 2 or from 2 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 signaI 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 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 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

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant 8 (1 Unit)

Plant H (2 Units)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

TOP Implementation

yes (9/94)

yes (9/86, RT 8 10/91, ESF)

yes (8/94)

yes (2/90)

no

no

no

no

yes (8/94)

yes (10/86)

yes (5/90)

no

NR

no

no

no

Test in Trip/Bypass

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

trip

Type of Logic Cabinet

SSPS

SSPS

SSPS

SSPS

Relay

SSPS

Relay

SSPS

Relay

SSPS

SSPS

SSPS

SSPS

Relay

Relay

SSPS

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

ESF - engineered safety features
Relay - relay protection system



Table 4.2
Survey Summary - Analog Channels

Plant Time to Perform Tests
(Typical/Maximum)

Time to Perform
Maintenance

(Typical/Maximum) Test Time Maint. Time

Impact of AOT Extension

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant 8 (1 Unit)

Plant H (2 Units)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

Notes: NR - no response

0.75 hr/3 hr

4 hr/12 hr

8 hr/10 hr

4 hr/8 hr

1.5 hr/3 hr

1 hr/2 hr

4 hr/4 hr

6 hr/9 hr

NAR

0.75 hr/3 hr

3 hr/7 hr

2 hr/5 hr

1 hr/4.5 hr

NAR

3 hr/6 hr

3 hr/4 hr

NAR - not applicable response

12 hr/24 hr

4 hr/12 hr

3 hr/6 hr

6 hr/8 hr

6 hr/8 hr

6 hr/10 hr

4 hr/8 hr

NR

8 hr/48 hr

4.5 hr/8 hr

40 hr/72 hr

6 hr/8 hr

4 hr/10 hr

NAR

4 hr/8 hr

2 hr/4 hr

no impact

no impact

no impact

no impact

no impact

no impact

no impact

NR

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

25% incrs.

no impact

no impact

no impact

no impact

NR

no impact

no impact

no impact

no impact

no impact

no impact

no impact

25% incrs.



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

Plant Time to Perform Tests
(Typical/Maximum)

Time to Perform
Maintenance

(Typical/Maximum) Test Time Maint. Time

Impact of AOT Extension

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant 8 (1 Unit)

Plant H (2 Units)

. Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

Notes: NR - no response

1.25 hr/2 hr

1 hr/3 hr

4 hr/6 hr

4 hr/6 hr

1.5 hr/3 hr

1 hr/2 hl

4 hr/6 hr

1.5 hr/2 hr

4 hr/10 hr

2 hr/2 hr

3 hr/6 hr

1.5 hr/2 hr

1.5 hr/1.5 hr

3 hr/4 hr

2 hr/2 hr

2 hr/3 hr

2 hr/4 hr

4 hr/8 hr

4 hr/6 hr

6 hr/8 hr

3 hr/5 hr

8 hr/24 hr

4 hr/4 hr

NR

4 hr/10 hr

4.5 hr/8 hr

4 hr/6 hr

no failures

not done at-power

10 hr/12 hr

1 hr/2 hr

2 hr/4 hr

no impact

no impact

50% incrs.

no impact

no impact

no impact

no impact

NR

no impact

25% incrs.

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

50% incrs.

no impact

no impact

no impact

no impact

NR

25% incrs.

25% incrs.

no impact

no impact

not done at-power

no impact

no impact

no impact



Table 4.4
Survey Summary - Reactor Trips

Plant

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant F (2 Units)

Plant G (1 Unit)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant P (1 Unit)

Total

Notes: NA - not available

Number
of Trips

16

17

19

16

15

24

42

15

209

No. During
Shutdown

10

Reactor Trips

No. During
Startup

10

30

No. Due to
Instru. Test
Activities

31

No. Due to
Instru. Maint.

Activities

22

Startups

32

17

NA

27

32

20

26

18

32

16

67

39

16

342

Controlled
Shutdowns

16

NA

16

13

15

25

24

10

148



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 concerning 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 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 concerning instrumentation configurations
with channels unavailable.

It is not common practice to have multiple channels measuring the same parameter out of
service simultaneously. The Technical Specifications address this situation and require a
plant shutdown.
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Table 4.5
Survey Summary - Shutdowns and Discretionary Enforcements

Plant

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant F (2 Units)

Plant G (1 Unit)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant P (1 Unit)

Total

Controlled
Shutdowns

16

NA

16

13

15

25

24

10

148

TS Required
Shutdowns

10

33

TS Instrumentation
Required

Shutdowns

Shutdowns
Avoided Discret.

Enforcement

NA

42

TS Instr. Shutdowns
Avoided due to

Discret.
Enforcement

NA

Notes: NA - not available



Table 4.6
Survey Summary - Miscellaneous

Plant

Plant A (2 Units)

Plant B (1 Unit)

Plant C (2 Units)

Plant D (1 Unit)

Plant E (1 Unit)

Plant F (2 Units)

Plant G (1 Unit)

Plant H (2 Units)

Plant I (2 Units)

Plant J (1 Unit)

Plant K (2 Units)

Plant L (1 Unit)

Plant M (2 Units)

Plant N (2 Units)

Plant 0 (2 Units)

Plant P (1 Unit)

Notes: NA - not available

Multiple Channels Out
of Service At the

Same Time

no

no

very rare

no

NR

no

no

NR

no

no

no

no

no

no (channel trip only)
yes (transmitter work)

no

NR - no response

Percentage of Tests
that Lead to
Maintenance

< 10%

10%

10%

10o/o

5%

10%

<5%

1%

10%

4%

10%

25%

1 0/

2-3%

10%

< 10%

Time Span Included In
Survey

5.0 yr

5.3 yr

4.7 yr

4.0 yr

NR

5.0 yr

4.8 yr

NR

5.7 yr

3.8 yr

NA

5.0 yr

6.0 yr

5.7 yr

5.0 yr

5.9 yr

Percent Time Plant
At-Power

Unit 1 - 71%
Unit 2 - 86%

91%

90%

80%

NR

Unit 1 - 80%
Unit 2 - 82%

84%

NR

90%

80%

60%

75%

50%

76%

80%

82%



5.0 TECHNICALSPECIFICATIONS 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.

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 MAINTENANCEFREQUENCIES 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:

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 STls for the RPS and ESFAS

(Solid State Protection System)

Component Pre-TOP TOP Proposed

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

- Calibration Interval

- Calibration Time

1 hour

2 years

2 hours

1 month
NEAP'EAP'+6

hours

2 years

4 hours

3 monthsNEAP'EAP'2+6

hours

2 years

12 hours

3 months

18 months

4 hours

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

2 hours

18 months

1.5 hours

2 months

6+6 hours

18 months

4 hours

2 months

24+6 hours

18 months

4 hours

2 months

- Maint. Time' hours 6+6 hours 24+6 hours

- Maint. Interval see Note 2

- Test Interval 2 months

- Test (bypass) Time 1.5 hours

see Note 2

4 hours

2 months

see Note 2

4 hours

2 months

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

',Reictoi.'..':;Tnp;::,':Breakers;:,'.'::,:::::",

- Maint. Time

2 hours

see Note 2

4 hours

3 months

6 hours

6+6 hours

see Note 2

4 hours

3 months

6 hours

24+6 hours

see Note 2

4 hours

3 months

6 hours

- Maint. Interval

- Test Time

- Test Interval

1 year

2 hours

2 months

1 year

2 hours

2 months

1 year

2 hours

2 months
oes:

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

2 - Maintenance interval is based on the component failure rate.
3 - Not 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 STls for the RPS and ESFAS

(Relay Protection System)

Component Pre-TOP TOP Proposed

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

- Calibration Interval

- Calibration Time

1 hour

2 years

2 hours

1 month
NEAP'EAP'+6

hours

2 years

4 hours

3 monthsNEAP'EAP'2+6

hours

2 years

12 hours

3 months

18 months

4 hours

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

2 hours

1 year

3 hours

1 month

6+6 hours

1 year

8 hours

1 month

24+6 hours

1 year

8 hours

1 month

- Maint. Time'

Maint.'Interval

- Test (bypass) Time

- Test Interval

6 hours

see Note 2

3 hours

1 month

6+6 hours

see Note 2

8 hours

1 month

24+6 hours

see Note 2

8 hours

1 month

- Maint. Time'

Maint. Interval

- Test (bypass) Time

- Test Interval

i;Re'act'or':::T'rIp.:.':8'r'eak'ers"::,'.".:::.:„':.,',''.

- Maint. Time

- Maint. Interval

- Test Time.

- Test Interval

6 hours

see Note 2

6 hours

3 months

6 hours

1 year

2 hours

2 months

6+6 hours

see Note 2

12 hours

3 months

6 hours

1 year

2 hours

2 months

24+6 hours

see Note 2

12 hours

3 months

6 hours

1 year

2 hours

2 months
oes:

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

2 - Maintenance interval is based on the component failure rate.
3 - Not 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.

pH d yi t d 1 i p

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.

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 alternate 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.

rt

inoperable, following a test or an event that would cause an actuation. Therefore, the
maintenance interval is related to the probability of a channel failing to function on demand. A
detailed data collection has not been performed on the channels and no similar data is available
to easily justify an alternate maintenance frequency. From the discussion in Section 4.0, the
frequency of maintenance is reported to vary from once every two years to once every 5 years
based on the limited information available. In Table 4.6 it was reported that 10% or less of tests
on the instrumentation systems lead to maintenance activities. Since analog channels are tested
every three months, a failure would be expected approximately every 30 months per channel
based on the percentage of tests that lead to maintenance activities. For this analysis, the
maintenance interval will be two years.

mA2099w.wpf:1d460195 5-5



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.
V

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 changes 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 ACTUATIONSIGNALS

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
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 steam!inc 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 ACTUATIONSIGNALS

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 tnp signals generated from solid state
protection systems.

The results in Table 3.2-3 (Reference 3) for reactor trip with relay protection systems show that
the signal unavailabilities, with common cause failures included, generally range from 8E-05 to
3E-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
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

SI (1)

SI (1)

SI (1)

SI (1)

SI (1)

SI (1)

Logic
Cabinet

SSPS

SSPS

SSPS

SSPS

Relay

Relay

Channel
Logic

2 of 3

2of4
2 of 3

2 of 4

2 of 3

2of4

Operator
Action

no

no

yes

yes

no

no

AFWPS (2)

AFWPS (2)

AFWPS (2)

AFWPS (2)

SSPS

SSPS

Relay

Relay

2 of 3

2 of 4

2 of 3

2of4

no

no

no

no

RT (3)

RT (3)

RT (4)

RT (3)

RT (3)

RT (4)

RT (3)

RT (3)

RT (4)

SSPS

SSPS

SSPS

SSPS

SSPS

SSPS

Relay

Relay

Relay

2 of 3

2 of 4

Diverse

2of3
2 of4

Diverse

2 of 3

2of4
Diverse

no

no

no

yes

yes

yes

no

no

no

Notes:
1. Sl signal is from pressurizer pressure low interlocked 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 UNAVAILABILITYANALYSIS

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 UNAVAILABILITYANALYSIS 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:

1. random failures of components
2. common cause failures of components
3. unavailability of components due to testing
4. unavailability of components due to maintenance
5. human error

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,
m'aster 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

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:
Failure of 4 of 4 components:
Failure of 2 of 3 components:
Failure of 3 of 3 components:

Q x P x y x (1-5)/3 x no. of common cause cutsets

Q x P x y x 5 x no. of common cause cutsets

Q x P x (1-y)/2 x no. of common cause cutsets

Q x P x y x no. of common cause cutsets

where: Q - component failure pro bility
+a,c

The P, y, and 5 values are for electronic type components.

In determining the common cause contribution of the analog channels it is necessary to determine
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.

Com onent Unavailabili 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 unavailability (TOP AOTs)

= 5.29E-07 failures/hour x 12 hours/failure = 6.35E-06
where: 5.29E-07 is the relay failure rate (Reference 3)

12 hours is the AOT (6 hours) plus 6 hours to enter next specified mode if
the component is not returned to service

Master relay unavailability (TOP AOTs)

= 5.29E-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
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.

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 FAULTTREE 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 UNAVAILABILITYANALYSIS

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

Sl - 2/4 logic w/CCF

Sl - 2/4 logic, w/o CCF

Sl - 2/4 logic w/OA, w/CCF

Sl - 2/4 logic w/OA, w/o CCF

Sl - 2/4 logic, 1 train, w/CCF

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

SI - 2/4 logic, 1 train w/OA, w/CCF

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

Sl - 2/3 logic, w/CCF

Sl - 2/3 logic, w/o CCF

Sl - 2/3 logic w/OA, w/CCF

Sl - 2/3 logic w/OA, w/o CCF

Sl - 2/3 logic, 1 train, w/CCF

Sl -2/3 logic, 1 train, w/o CCF

Sl - 2/3 logic, 1 train w/OA, w/CCF

Sl - 2/3 logic, 1 train w/OA, w/o CCF

AFWPS - 2/4 logic, w/CCF

AFWPS - 2/4 logic, w/o CCF

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

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

AFWPS - 2/3 logic, w/CCF

AFWPS - 2/3 logic, w/o CCF

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

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

Pre-TOP

1.18E-03

1.52E-04

6.88E-04

4.72E-05

2.15E-02

2.14E-02

1.84E-02

1.84E-02

1.47E-03

2.64E-04

6.91E-04

4.83E-05

2.18E-02

2.15E-02

1.84E-02

1.84E-02

5.91E-04

5.98E-05

1.00E-02

1.00E-02

7.64E-04

1.36E-04

1.02E-02

1.01E-02

TOP

1.40E-03

2.38E-04

7.36E-04

9.41E-05

2.75E-02

2.73E-02

2.42E-02

2.42E-02

2.24E-03

5.57E-04

7.45E-04

9.73E-05

2.83E-02

2.76E-02

2.42E-02

2.42E-02

7.01E-04

9.57E-05

1.43E-02

1.42E-02

1.14E-03

2.50E-04

1.47E-02

1.45E-02

Proposed

1.43E-03

2.73E-04

7.42E-04

1.00E-04

2.89E-02

2.87E-02

2.57E-02

2.57E-02

2.92E-03

1.23E-03

7.57E-04

1.10E-04

3.04E-02

2.97E-02

2.57E-02

2.57E-02

7.24E-04

1.19E-04

1.57E-02

1.56E-02

1.66E-03

7.72E-04

1.66E-02

1.64E-02

Sl: Safety Injection
AFWPS: Auxiliary Feedwater Pump Start
CCF: Common Cause Failures
OA: Operator Action

m:%099w.wpf:1d-060195 7-8



Table 7.2
Summary of Safety Injection and Auxiliary Feedwater Pump Start Signal

Unavailabilities - Relay Protection System

Signal

Sl - 2/4 logic, w/CCF

Sl - 2/4 logic, w/o CCF

Sl - 2/3 logic, w/CCF

Sl -2/3 logic, w/o CCF

AFWPS - 2/4 logic, w/CCF

AFWPS - 2/4 logic, w/o CCF

AFWPS - 2/3 logic, w/CCF

AFWPS - 2/3 logic, w/o CCF

Pre-TOP

7.12E-04

8.96E-05

1.00E-03

2.01E-04

7.19E-05

3.87E-06

2A5E-04

8.00E-05

TOP

9.84E-04

2.23E-04

1.82E-03

5.39E-04

1.51E-04

8.70E-06

5.85E-04

1.62E-04

Proposed

1.02E-03

2.55E-04

2.49E-03

1.20E-03

1.61E-04

1.88E-05

1.09E-03

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

RT - 2/4 logic, w/CCF

RT - 2/4 logic, w/o CCF

RT - 2/4 logic w/OA, w/CCF

RT - 2/4 logic w/OA, w/o CCF

RT - 2/3 logic, w/CCF

RT - 2/3 logic, w/o CCF

RT - 2/3 logic w/OA, w/CCF

RT - 2/3 logic w/OA, w/o CCF

RT - diverse signals, w/CCF

RT - diverse signals, w/o CCF

RT - diverse signals w/OA, w/CCF

RT - diverse signals w/OA, w/o CCF

Pre-TOP

1.20E-04

6.47E-06

1.79E-05

9.06E-07

2.94E-04

8.31E-05

1.96E-05

1.67E-06

3.01E-05

1.19E-06

1.70E-05

8.72E-07

TOP

1.99E-04

1.10E-05

1.93E-05

1.59E-06

6.34E-04

1.65E-04

2.37E-05

3.13E-06

3.13E-05

2.42E-06

1.76E-05

1.52E-06

Proposed

2.13E-04

2.47E-05

1.98E-05

2.08E-06

1.14E-03

6.68E-04

2.91E-05

8.61E-06

3.23E-05

3.37E-06

1.80E-05

1.89E-06

RT: Reactor Trip
CCF: Common Cause Failures
OA: Operator Action
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Table 7.4
Summary of Reactor Trip Signal Unavailabilities

Relay Protection System

Signal

RT - 2/4 logic, w/CCF

RT - 2/4 logic, w/o CCF

RT - 2/3 logic, w/CCF

RT -2/3 logic, w/o CCF

RT - diverse signals, w/CCF

RT - diverse signals, w/o CCF

Pre-TOP

7.78E-05

4.01E-06

2.51E-04

8.02E-05

2.29E-05

3.65E-06

TOP

1.57E-04

8.87E-06

5.91E-04

1.62E-04

2.73E-05

8.10E-06

Proposed

1.69E-04

2.16E-05

1.09E-03

6.65E-04

2.89E-05

9.70E-06

RT: Reactor Trip
CCF: Common Cause Failures
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Relay Protection System:
1. Safety injection signal: representative of the safety injection signal.

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

signaI 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 consewatively 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
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 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

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Relays and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Slave relays

- Master relays

- Logic cabinets

1.51E-04

9.21E-07

1.52E-04

5.21E-04

1.16E-04

3.15E-04

12.8

0.1

12.9

44.3

9.9

26.8

2.33E-04

4.50E-06

2.38E-04

5.21E-04

1.16E-04

3.15E-04

16.6

0.3

16.9

37.2

8.3

22.5

2.49E-04

2.37E-05

2.73E-04

5.21E-04

1.16E-04

3.15E-04

17.4

1.6

19.0

36.3

8.1

22.0

- Analog channels

- Subtotal

Total

7.16E-05

1.02E-03

1.18E-03

6.1

86.8

2.10E-04

1.16E-03

1 40E-03

15.0

83.0 1.16E-03

1 43E-03

81.1

2.10E-04 '4.7

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



Table 7.6
Breakdown of Signal Unavailability Contributors

SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interlocked with P-11 with Operator Action

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Unavailability Percent Unavailability Percent Unavailability Percent

Random failures, test, and maint.

- Relays and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Slave relays

- Master relays

- Logic cabinets

- Analog channels

- Subtotal

Total

4.72E-05

9.21E-09

4.72E-05

5.21E-04

1.16E-04

3.15E-06

7.16E-07

6.41E-04

6.88E-04

6.9

0.0

6.9

75.7

16.9

0.5

0.1

93.2

9.41E-05

4.50E-08

9.41E-05

5.21E-04

1.16E-04

3.15E-06

2.10E-06

6.42E-04

7.36E-04

12.8

0.0

12.8

70.8

15.8

0.4

0.3

87.3

1.00E-04

2.37E-07

1.00E-04

5.21E-04

1.16E-04

3.15E-06

2.10E-06

6.42E-04

7.42E-04

13.5

0.0

13.5

70.2

15.6

0.4

0.3

86.5

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)

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Relays and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Slave relays

- Master relays

- Logic cabinets

- Analog channels

- Subtotal

Total

5.93E-05

5.21E-07

5.98E-05

1.74E-04

5.79E-05

2.60E-04

3.90E-05

5.31E-04

5.91E-04

10.0

0.1

10.1

29.5

9.8

44.0

6.6

89.9

9.42E-05

1.49E-06

9.57E-05

1.74E-04

5.79E-05

2.60E-04

1.13E-04

6.05E-04

7.01E-04

13.4

0.2

13.6

24.8

8.3

37.1

16.1

86.3

1.06E-04

1.32E-05

1.19E-04

1.74E-04

5.79E-05

2.60E-04

1.13E-04

6.05E-04

7.24E-04

14.6

1.8

16.4

24.0

8.0

35.9

15.6

83.5

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

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Trip breakers and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Trip breakers

- Logic cabinets

- Analog cabinets

- Subtotal

Total

9.01E-07

5.21E-09

9.06E-07

1.60E-05

5.90E-07

3.90E-07

1.70E-05

1.79E-05

5.0

0.0

5.0

89.5

3.3

2.2

95.0

1.58E-06

1.49E-08

1.59E-06

1.60E-05

5.90E-07

1.13E-06

1.77E-05

1.93E-05

8.2

0.1

8.3

82.8

3.1

5.9

91.8

1.95E-06

1.32E-07

2.08E-06

1.60E-05

5.90E-07

1.13E-06

1.77E-05

1.98E-05

9.8

0.7

10.5

80.8

3.0

5.7

89.5

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



Table 7.10
Breakdown of Signal Unavailability Contributors

SSPS Reactor Trip: Pressurizer Pressure High (2/3) or Overtemperature Delta T (2/4)

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Trip breakers and logic cabinets

- Analog channels

- Subtotal

Common cause failures

- Trip breakers

- Logic cabinets

- Analog cabinets

- Subtotal

Total

1.13E-06

2.19E-08

1.15E-06

1.60E-05

1.29E-05

3.67E-08

2.89E-05

3.01E-05

3.8

0.1

3.9

53.2

42.9

0.1

96.2

1.92E-06

1.81E-07

2.10E-06

1.60E-05

1.29E-05

3.15E-07

2.92E-05

3.13E-05

6.1

0.6

6.7

51.1

41.2

1.0

93.3

2.36E-06

6.96E-07

3.06E-06

1.60E-05

1.29E-05

3.15E-07

2.92E-05

3.23E-05

7.3

2.1

9.4

49.6

40.0

1.0

90.6

Notes: 1 - The total may not equal 100/o 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

Contributor Pre-TOP Case

Unavailability Contributions

TOP Case Proposed Case

Random failures, test, and maint.

Unavailability Percent Unavailability Percent Unavailability Percent

- Trip breakers and logic cabinets

- Analog channels

8.72E-07

2.19E-10

5.1

0.0

1.52E-06

1.81E-09

8.6

0.0 6.96E-09 0.0

1.88E-06 10.4

- Subtotal

Common cause failures

- Trip breakers

- Logic cabinets

- Analog cabinets

- Subtotal

Total

8.72E-07

1.60E-05

1.29E-07

3.67E-10

1.61E-05

1.70E-05

5.1

94.1

0.8

0.0

94.9

1.52E-06

1.60E-05

1.29E-07

3.15E-09

1.61 E-05

1.76E-05

8.6

90.7

0.7

0.0

91.4

1.89E-06

1.60E-05

1.29E-07

3.15E-09

1.61E-05

1.80E-05

10.4

88.8

0.7

0.0

89.5

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. It is

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 TECHNICALSPECIFICATION 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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Table 7.12
Dominant Cutsets for Signal Failure - Proposed Case

SSPS Safety Injection: Pressurizer Pressure Low (2/4) Interlocked with P-11

1.
2.
3.
4.
5.
6.
7.
8.
9
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

35.
36.
37.
38.
39.
40.
41.
42.
43.

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
9.45E-06
5.93E-06
5.93E-06
5.93E-06

'.93E-06

3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.52E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.23E-06
3.13E-06
2.35E-06
2.35E-06
2.35E-06
2.35E-06

CCF: SLAV
CCF: LOGI
CCF: ANAL
CCF: MAS
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
SSPS1

-SRC1T
SRC1T
SSPSB
MRDMB
MRCMB
MRFMB
MREMB

E RELAYS
C CABINETS
OG CHANNELS

TER RELAYS
-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
TBT
TBT
TBT

-TBT
-TBT
-TBT
-TBT
-TBT
-TBT
SRF3T

-SRF3T
SRF2T

-SRF2T
SRF1T

-SRF1 T
SRE3T

-SRE3T
SRE2T

-SRE2T
SRE1T
SSPS1

TBT
TBT

-TBT
-TBT

TBT
TBT

-TBT
-TBT

See Table 7.15 for descriptions of basic event identifiers.
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Table 7.13
Dominant Cutsets for Signal Failure - Proposed Case

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

1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

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
4.19E-06
4.19E-06
4.19E-06
3.31E-06
3.31E-06
3.31E-06
3.31E-06
2.78E-06
2.78E-06
2.35E-06
2.35E-06
2.35E-06
2.35E-06
2.21E-06
2.21E-06
2.21E-06
2.21E-06
1.57E-06
1.57E-06
1.46E-06
9.91E-07
9.91E-07
9.91E-07
9.91E-07
7.89E-07
7.89E-07
7.89E-07
7.89E-07

CCF: LOGIC CABINETS
CCF: SLAVE RELAYS
CCF: ANALOG CHANNELS
CCF: MASTER RELAYS
MRCM -MRDM

-MRCM MRDM
SSPS -TAT
SSPSB TAT
MRCM -MRDM

-MRCM MRDM
-SRC1T MRCM
SRC1T -MRCM
AC1 AC2
AC1 AC2
AC1 AC3
AC2 AC3

-MRCM SSPS
MRCM -MRDM
SRC1MB -TAT
SRC2MB -TAT
SRD2MB TAT
SRD1MB TAT
SSPS -SRC2T
SSPSB SRC2T

-SRC1T SSPS
SRC1T -SRD1T
MRCMB -TAT
MRDMB TAT
SSPS SSPSB
MRCM -MRDM

-MRCM MRDM
MRCM SRD1MB
SRC1MB -MRCM
SRC2T SRD2MB
SRC2MB -SRC2T
SRC1T SRD1MB
SRC1M8 -SRC1T

-TAT
TAT
TBT

-TBT
-SRC2T
SRC2T
SRD1T

-SRD1T
AC3
AC4
AC4
AC4
MRDM
SSPSB
TBT
TBT

-TBT
-TBT
SRD2T

-SRD2T
SRD1T
SSPSB
TBT

-TBT

SRD2MB
SRC2MB

-MRDM
MRDM

-SRD2T
SRD2T

-SRD1T
SRD1T

TBT
-TBT

SRD2T
-SRD2T
-MRDM
MRDM

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 (2l4)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

35.
36.
37.
38.
39.

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
5.88E-07
5.88E-07
4.25E-07
4.25E-07
4.25E-07
4.25E-07
2.94E-07
2.94E-07
2.94E-07
2.94E-07
2.94E-07
2.94E-07
2.81E-07
2.81E-07
2.55E-07
2.55E-07
2.12E-07
2.12E-07
2.12E-07
2.12E-07
2.12E-07
2.12E-07
2.03E-07
2.03E-07
1.85E-07
1.85E-07
1.44E-07
1.44E-07
1.44E-07
1.44E-07

CCF: ANALOG CHANNEL
CCF: LOGIC CABINETS
CCF: REACTOR TRIP BR
BI456 BI457
BI455 BI457
BI455 BI456
B1455 BI456

-TBT -TBM
-TBT 'TBM
TBT -TAT
TBT -TAT

-TBT -TBM
-TBT -TBM
TBM -TAT
TBM -TAT

-TBT -TBM
-TBT -TBM
-TBT -TBM
TBT -TAT
TBT -TAT
TBT -TAT
TBT 52AM
MM52B -TBT
TBT 52AC
CONTS -TBT

-TBT -TBM
-TBT -TBM
-TBT -TBM
TBM -TAT
TBM -TAT
TBM -TAT
TBM 52AM
MM52B -TBT
TBM 52AC
CONTS -TBT
8MZ4 OPER1
815DC OPER1
OPER2 88MZ4
OPER2 8815DC

EAKERS
BI458
BI458
BI458
BI457
8MZ4
815DC

-TAM
-TAM
SMZ4
815DC

-TAM
-TAM
SGZ1
8GZ2
8GZ3

-TAM
-TAM
-TAM
-TAT
-TBM
-TAT
-TBM
SGZ1
SGZ2
SGZ3

-TAM
-TAM
-TAM
-TAT
-TBM
-TAT
-TBM

TAT
TAT
88MZ4
8815DC
TAM
TAM
SSMZ4
8815DC
TAT
TAT
TAT
SGGZ1
SGGZ2
8GGZ3

-TAM
TAT

-TAM
TAT
TAM
TAM
TAM
8GGZ1
8GGZ2
SGGZ3

-TAM
TAM

-TAM
TAM

See Table 7.15 for descriptions of basic event identifiers.
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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
OPER1 - operator error in aligning bypass trip breaker A
OPER2 - operator error in aligning bypass trip breaker B

SRxxMB - slave relay xx mechanically bound
SRxxT - slave relay xx in test
SSPSB - solid state protection system train B

SSPS1 - solid state protection system train A

TxM - 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)

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 8 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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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 ANALYSISAPPROACH

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 II and III 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 Sl 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 signaI 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 = (X(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'ecommended

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

m."12099 w.wpf:1d.060195 8-2



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 ACTUATIONSIGNALS

In assessing the impact of the change in unavailability of the reactor trip and engineered safety
feature actuation signals on plant safety, it is necessary to consider the possible signals that will

be available to actuate reactor trip and the safety functions (safety injection, auxiliary feedwater

pump start, etc.) for each event. WOG TOP (Reference 1, Appendix H, Table 2.b-1) provides this

information for reactor 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

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'ssessing 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 internal initiating events, the accident sequences that comprise the core damage

frequency, and the top event or system importance factors are all discussed to varying degrees in

the following for the Pre-TOP Case, Top Case and Proposed Case. In addition, similar
information for the two sensitivity cases involving the TOP Case and Proposed Case is provided.

As noted Section 8.1, the sensitivity cases involved reducing the transient initiator frequency by

0.5 trips/year. This is based on the expected benefits as determined in WOG TOP for

implementing the AOT, bypass time, and 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/o 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/o and 3.6/o for 2 of 4 and 2 of 3 logic, respectively, when changing

from Pre-TOP parameters (AOTs, bypass times, and STls) to the TOP parameters. These values

are broken into contributions from reactor trip signals and engineered safety features signals as

follows:
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Table 8.1

Sources of Reactor Trip Actuation Signals

Large LOCA

Medium LOCA

Small LOCA

Event Reactor Trip
Actuation Signal

Not Required

Not Required

Nondiverse

Operation Action

Yes

Steam Generator Tube Rupture

Interfacing Systems LOCA

Reactor Vessel Rupture

Secondary Side Break
Inside Containment

Secondary Side Break
Outside Containment

Positive Reactivity Insertion

Loss of Reactor Coolant Flow

Loss of Main Feedwater Flow

Partial Loss of Main Feedwater Flow

Loss of Condenser

Turbine Trip

Reactor Trip

Spurious Safety Injection Signal

Inadvertent Opening of a Steam Valve

Primary System Transient

Loss of Offsite Power

Station Blackout

Loss of Instrument Air

Total Loss of Nuclear Service Cooling
Water

Loss of 125 VDC Bus

Loss of Two 120V Vital AC Instrument
Panels

No ndiverse

Not Required

Not Required

Nondiverse

Nondiverse

Diverse

Diverse

Diverse

Diverse

Diverse

Diverse

Generated by RPS

Diverse

Diverse

Diverse

Not Required by RPS

Not Required by RPS

Diverse

Nondiverse

Diverse

Diverse

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Table 8.2
Sources of Engineered Safety Features Actuation Signals

Safety Function

Safety Injection

Event

Large LOCA

Medium LOCA

Small LOCA

Interfacing Systems
LOCA

SG Tube Rupture

Signal Actuation Source

Nondiverse signal

Nondiverse signaI, OA by Sl switch on main control board

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

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

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

Secondary Side Breaks - Nondiverse signal, OA by Sl switch on main control board, OA of
individual components

Auxiliang Feedwater Pump
Start

Events generating Sl
signal Transients

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

Steamline Isolation Secondary Side Breaks

Main Feedwater Isolation Secondary Side Breaks Nondiverse signal

Nondiverse signal

Containment Spray
Actuation

Containment Isolation

Containment Cooling

AII events

All events

All events

Nondiverse signal

From Sl signal

From Sl signal



Table 8.3
Summary of Human Error Probabilities for Operator Actions Backing Up Actuation Signals

Operator Action

Reactor trip from the main control board trip switches

Reactor trip by interrupting power from the motor-generator
sets given that the operator failed to trip by the control board
switches

Manually insert the control rods into the core given the
previous operator actions to trip have failed

Safety injection from the main control board switches

Safety injection by manual actuations of individual components

Auxiliary feedwater pump start

HEP (1)

1E-02

5E-01

5E-01

1E-02

2E-03

2E-02

Source

Conservative estimate based on several
IPEs

VEGP IPE (2)

VEGP IPE (2)

Conservative estimate based on several
IPEs

VEGP IPE (2)

VEGP IPE (2)

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



Table 8.4
Summary of Results by Core Damage Frequency

Case

Pre-TOP

TOP

Proposed

TOP - Sens.

Proposed - Sens.

CDF (per year)

5.706 E-05

5.800E-05

5.835E-05

5.651 E-05

5.683 E-05

2/4 Logic

Change:
Referenced to

Pre-TOP

1.6%

2.3%

-1.0%

-0.4%

Change:
Referenced

to TOP

0.6%

0.6%

CDF (per year)

5.717E-05

5.832E-05

5.893E-05

5.683E-05

5.741 E-05

2/3 Logic

Change:
Referenced to

Pre-TOP

2.0%

31%

-0.6%

04

Change:
Referenced

to TOP

1 00/

1.0%

Notes: 1. CDF - core damage frequency
2. It was necessary to present four significant digits in the core damage frequency values to highlight the small changes

between cases.
3. The sensitivity cases (denoted by Sens.) credit a 0.5 reduction in transient frequency which is consistent with the WOG

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



2 of 4 logic:

2 of 3 logic:

ESF signals = 2.4% (Reference 3, Appendix N)

RT signals = 0.3% (Reference 3, Appendix D)

Total = 2.7%
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

m:0099 w.wpf:1d4M195 8-9



Table 8.5
System (Top Event) Importance Summary: SSPS with 2 of 4 Logic

System
Pre-TOP TOP Proposed

Importance Measure

4160 VAC Power

Auxiliary Feedwater

Nuclear Service Cooling Water

CB ESF Electrical Equipment Room HVAC

Reactor Trip

Condensate Feed

Essential Chilled Water System

Turbine Driven Pump

PORVs andior SVS Open

High Pressure Injection

High Pressure Recirculation

Containment Cooling Units

Engineered Safety Features

Component Cooling Water

Centrifugal Charging Pumps

Low Pressure Injection

Safety Injection Pumps

Low Pressure Recirculation

RWST Failure

Normal Chilled Water System

480 VAC Buses Train A

Hot Leg Recirculation

Normal Charging

125 VDC Buses

Pressurizer PORVs

55 9%

20.5%

15.5%

15.4%

14.2%

11 0'/

9.1%

7.3%

6.5%

64/
6.3%

6.0%

5.0%

43%

3.2%

30%

2.7%

1.9%

1.6%

1.5%

1.4%

1.2%

0.9%

0.8%

07%

55.1%

20.6%

15.4%

15.2%

14 5'/

10.9%

90

7.2%

6.6%

6.8%

6.2%

6.3%

6.2%

4.4%

33%

3.4%

27%

2,0%

1.5%

1 4'/

1.2%

0 9'/

0 8o/o

0.7%

54.7%

20.7%

15.4%

15.1%

14 7'/

10.8%

9.0%

7.2%

6.7%

6.8%

6.2%

6.4%

64%

4.5%

33%

3.5%

2.7%

2.0%

1.6%

15%

1 4o/

1.2%

0 9%

0.8%

07%
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Table 8.6
System (Top Event) Importance Summary: SSPS with 2 of 3 Logic

4160 VAC Power

System
Pre-TOP

55.8%

Importance Measure

TOP

54.8%

Proposed

54.2%

Auxiliary Feedwater

Nuclear Service Cooling Water

CB ESF Electrical Equipment Room HVAC

Reactor Trip

Condensate Feed

Essential Chilled Water System

Turbine Driven Pump

High Pressure Injection

PORVs and/or SVS Open

High Pressure Recirculation

Containment Cooling Units

Engineered Safety Features

Component Cooling Water

Low Pressure Injection

Centrifugal Charging Pumps

Safety Injection Pumps

Low Pressure Recirculation

RWST Failure

Normal Chilled Water System

480 VAC Buses Train A

Hot Leg Recirculation

Normal Charging

125 VDC Buses

Pressurizer PORVs

20 5%

15 5%

15.4%

14 1ol

11.0%

9 1%

7.3%

6.5%

6.5%

6.3%

6.2%

5.2%

4.3%

3.2%

32%

2.7%

1 9%

1 6%

15%

1.4%

1.2%

09%

0.8%

07%

20 6%

15.4%

15.1%

14.5%

10.8%

9.0%

7.2%

7.2%

6.6%

6.2%

6.8%

6.6%

4.4%

3.8%

3.3%

2.7%

2.0%

1.6%

1.5%

1 4%

1.2%

0;9%

0 8'/

07%

20.6%

15.2%

15.0%

14.7%

10 7o/

8.9%

7 1o/

7 6'l

6.7%

6.1%

7.1%

7.2%

4.4%

4.2%

33%

2.6%

2.0%

1.6%

1.5%

1.4%

1.2%

0.9%

0 8'/

07%
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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 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 AOTs. 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 AOTs for the master and slave relays, logic cabinets, and analog channels will

promote improved maintenance practices that will provide improved component performance,
improved availability of the protection system, and a reduced number of spurious reactor trips
and spurious actuations of safety equipment.

2. The longer AOTs and bypass times for the analog channels will provide additional time before

being required to place the channel in 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.

3. 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 flexibilitywill 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.

4. Extending the AOTs for the instrumentation begins to address an inconsistency in the
Technical Specifications related to AOTs between the ESF actuation signals and the
components the signals actuate. In many cases, the systems actuated by the ESFAS signals
have AOTs significantly greater than those for the ESFAS. The unavailability of a single train
of the ESFAS does not necessarily cause the system the signal actuates to also be
unavailable. For most events, these systems can still be actuated by operator actions to

mitigate the event or by an alternate signal. With a slave relay unavailable, the current
Technical Specifications with TOP implemented requires the slave relay to be repaired within

~ 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.

5. 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.

m32099 w.wpf:1d460195 9-1





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 ff11.

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.

9. 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 multiple components providing the affected components are all in the
same train of a single system. To implement this, the high, intermediate and low head

subsystems of the emergency core cooling system must each be considered a single system
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11.0 IMPLEMENTATIONOF THE PROPOSED TECHNICALSPECIFICATION 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.

2. 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).

3. Change the action for an inoperable slave relay to "following expiration of the slave relay
allowed outage time, the component affected by the inoperable slave should 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 Sl

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

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. It is 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. It is 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.

5. 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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Pro osed Chan es to the Standard Technical S ecifications
(NUREG-1431. NUREG-0452)

— to be provided—
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APPENDIX B

No Si nificant Hazards Evaluation

— to be provided—
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Attachment

WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Surve: 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 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 fillout anything else on
page 6 at this time.

Thank you in advanced for your cooperation. Ifyou have any questions, please contact
either Jerry Andre'412-374%723) or Jim Andrachek (412-374-501S).



WOG Tech Spec Instrumentation Chapter Optimization Program

Plant Surve: Part 1

Utility/Plant:

UtilityContact:

General Questions:

Phone Number:

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 Lo ic Cabinet Unavailabili 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%
ii 10%
iii. 25%
iv. 50%
v. 75%
vi. 90%
vii. 100%
viii. other (please specify)
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4. How often are maintenance activities on logic cabinets required'? (estimate as once per
year, once every five years, etc.)

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

6. 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
vi. test time would increase to 72 hours
vii. other (please specify)

7. 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. 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
vi. test time would increase to 24 hours
vii. other (please specify)

8. 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)? 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 Startu and Shutdown 0 ratin Information
(Please limit this to the latest five years of operation. IfWOG-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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6. Number of startups:

7. Number of reactor trips:

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

9. Number of trips that occurred during startup:

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

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

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

13. 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 returned to service - if
necessary, attach an additiorial page providing the information).

14. Time period examined to respond to the above questions on plant startup and shutdown

operating information (divide between pre-TOP and post-TOP if applicable):

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

Plant Suive: 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 PRO'ItqDED 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 If1). A suggested table to
capture this information follows.

Su ested Table for Channel and Lo ic Vnavailabili Histo

~Com anent Time and Date
Remove from

Service

Time and Date
Returned to

Service

Activity
Performed

test or maint

Tnp or
~Bass

PZR P1 1/5/91, 1:15 PM 1/5/91, 2:00 PM

SG1 L1 1/6/91, 8:00 AM 1/6/91, 9:30 AM

etc.

test,

test

trip

trip

Please return the completed survey to:

Mall to:
Mr. G.R.

Andre'CE

MS 4-28
Westinghouse Electric Corporation
P.O. Box 355
Pittsburgh, PA 15230-0355

Fax to: (412) 374-5099

Due Date: Friday September 16, 1994
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APPENDIX D

Fault Tree Dia rams

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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APPENDIX E

Event Se uence Quantification Results
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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
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Pre-TOP Case: Solid S a e Protection S s em 2 of 4 Lo ic

I'otal plant damage state frequency = 5.706E-005

HUMBER FREQUEHCY PERCENT SUH
EVENT VALUE DESCRIPTION

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 40X
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO IHSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

1.148E-006 2.01X 1.033E-005
LOSPl 4.100E-002 Loss of Offsite Po~er (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 FAlL- 5 HRS. TR 8 SPRT (NO TRA)
CON 1.DOGE+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAlLS

1.004E-006 1.76X 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 8 SPRT (NO TRA)
CON 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP

17.

18.

24.

25.

26.

27.

5.902E-007 1.03X 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

SUPPORl'AB

1.000E.002 OA TO ESTABLISH BLEED AND FEED COOLING

5.859E-007 1.03X 1.962E-005
TT 7.300E-001 Turbine Trip
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) ALL SUPPORT
PLL 8.610E-001 INITIAL POllER LESS THAN COX
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5-070E-001 OA TO INSERT COHTROL RODS
PPR 2.690E-001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

4.840E.007 0.85X 2.274E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.700E 005 REACTOR 'TRIP FAlLS (DIVERSE SIGNAL WITH OA) ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAH 40X
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 EMERGEHCY BORATION

4.658E-007 0.82X 2.321E.005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL 'WITH OA) - ALL SUPPORT
PLL 8.610E 001 IHITIAL POWER LESS THAN 40X
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E 001 OA TO IHSERT CONTROL RODS
AFW 8.850E-002 2/2 MDPs 0 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.C34E-007 0.78X 2.365E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 6.880E-004 ENGINEERED SAFETY FEATURES TRAIHS AEB FAIL (MLO)
HPI 1.DOBE+000 2/4 HPls- 2/3 CLEGS- MLO- HO SUPPORT
AFW 1.000E+000 AFW - HO SUPPORT AVAILABLE
CCU 1.000E+000 CCUs FAIL TO PROVIDE COOLIHG- 24 HRS- NO SUPPORT
CCW 1.DOGE+000 1/2 CCW TRAINS - HO SUPPORT

4.404E-007 0.77X 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

SUPPOR1'LL

8.610E 001 INITIAL POWER LESS THAH 40X
OHG 5.000E-001 OA 'TO TRIP MG SETS
AFW 8.850E.002 2/2 HOPs 8 'TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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Pre-TOP Case: Solid S a Pro e i n S em 2 f 4 Lo ic Con 'd

29. 4.253E-007 0.75X 2.495E-005
LMF
RT

PLL
OMG

OCR

PPR

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

2.690E 001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

31. C. 172E.007 0.73X 2.579E 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 8 SPRT (NO TRA)
1.DOGE+000 1/3 CON PMPs.1/4 SGs FAIL- NO SUPPORT

1 ~ OOOE 002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

33. 3.882E.007 0.68X 2.657E-005
PMF

AFW
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.l/4 SGs FAlL - NO SUPPORT

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

37.

38.

42.

43.

47.

49.

53.

3.589E-007 0.63X 2.802E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AF'W 2.510E-003 2/2 MOPs & TDP- 3/3 SGs FAIL- 5 HRS. ALL SUPPORT

OAR 6 '90E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

3.422E-007 0.60X 2.836E-005
LLO 3.000E.004 Large Loss of Coolant Accident
ESF 1. 180E-003 ENGIHEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
LPI 1.DOGE+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - HO SPRT

HPI 1.DOGE+000 2/4 HPIs- 2/3 CLEGS- LLO- HO SUPPORT

CCU 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT

2.809E-007 0.49X 2.954E-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 40X
OMG 5.000E 001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

PPR 2.690E 001 FULL AF'W AHD HO CRI ALL SUPPORT AVAIL

2.799E-007 0.49X 2.982E.005
LOSP2 1.000E-002 Loss of Offsite Power (Dual Unit)
CKAC 5.470E-002 4160 V AC POWER BUS A FAlL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO 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 0.44X 3.088E-005
LOSP1 4. 100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL ('ITH DGS - LOSP)
AF'W 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO TRA)
COH 1.DOGE+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (IHCLUDES OLP)

2.448E.007 0.43X 3. 137E-005
LOSP2 1.000E-002 Loss of Offsite Po~er (Dual Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL ('ITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO TRA)
COH 1.DOGE+000 1/3 COH PMPs 1/4 SGs FAIL-- HO SUPPORT

HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP

2.355E.007 0.41X 3.233E-005
TT 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 COX

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA 'TO INSERI'OHTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGEHCY BORATIOH
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Pre-TOP Case: Solid State Pro ec ion S s em 2 of 4 Lo ic Con 'd

54. 2.343E.007 0.4 1K 3.256E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
AF'W 2.710E.005 2/2 HOPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL - NO SUPPORt
OAR 6 ~ 090E 003 OA TO ESTABLISH HIGH PRESSURE RECIRC ( INCLUDES OLP)

55. 2.267E.007 O.CD% 3.279E.005
7.300E-001 Turbine Trip

Rt 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) . ALL SUPPOR'I

PLL 8.610E-001 INITIAL POWER LESS THAN CON

OMG 5.000E.001 OA TO TRIP HG SETS
OCR 5.070E.001 OA TO INSERT COHTROL RODS
AFlJ 8.850E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

57. 2.143E.007 0.38K 3.323E-005
T'I 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 CON
OMG 5.000E-001 OA TO TRIP MG SETS
AFM 8.850E.002 2/2 HOPs & TDP TO 4/4 SGs FAIL. 5 HRS . ALL SUPPORT

64. 1.809E-007 0.32K 3.457E-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/C SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- HO SUPPORT
PZR 4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR 8 SPRt

70. 1.710E 007 0.30K 3.564E-005
LMF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.700E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL IJITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAH CO%

OHG 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 BORATIOH

71. 1.646E.007 0.29K 3.580E.005
LMF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POMER LESS THAN CO%

OHG 5.000E 001 OA TO TRIP MG SETS
OCR 5.070E.001 OA TO INSERT CONTROL RODS

AFW 8.850E-002 2/2 HOPs & TOP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

75. 1.556E-007 0.27)l 3.644E.005
LMF 5.300E.001 Loss of Hain Feedwater Flow
Rt 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E.001 INITIAL POWER LESS THAN CON
OMG 5.000E-001 OA TO TRIP HG SETS
AFW 8.850E-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

77. 1.482E-007 0.26K 3.674E.005
SGR 2.500E-002 Steam Generator Tube Rupture
AFM 2.510E-003 2/2 HOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530E 003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

81. 1.429E-007 0.25X 3.732E-005
SLO 6.600E-003 Small Loss of Coolant Accident
ESF 9.200E-ODC ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
CCP 2.550E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL
LPI 1.000E+000 LPI- 1/2 LPls- 3/C CLEGS- HO SUPPORT

86. 1.372E 007 0.24K 3.801E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
AFW 2.710E-005 2/2 HOPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.DOGE+000 1/3 CON PMPs-1/C SGs FAlL-- HO SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI
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Pre-TOP Cas: Soli S a e Pro ec ion S tern 2 f 4 Lo i Cont'd

87. 1.364E-007 0.24'.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 40K
ONG 5.000E.001 OA TO TRIP HG SETS
OCR 5.070E 001 OA TO INSERT COHTROL RODS
PPR 2.690E-001 FULL AFW AND HO CRI ALL SUPPORT AVAIL

89. 1.330E-007 0 '3K 3.842E 005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT

OMG 5.000E.001 OA TO TRIP HG SETS
OCR 5.070E.001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGEHCY BORATIOH

97. 1.168E-007 0.20X 3.941E-005
PHF 1.500E+000 Partial Loss of Hain Feedvater FloN
R'I 1.700E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) . ALL SUPPORT

PLL 8.610E.001 INITIAL POWER LESS THAN 40K
OHG 5.000E 001 OA TO TRIP HG 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 AHD HO CRI ALL SUPPORT AVAIL

98. 1.129E.007 0.20K 3.952E-005
LOC 3.500E-001 Loss of Condenser
RT 1.700E-005 REAC'IOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT

PLL 8.610E 001 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP KG SETS
OCR 5.070E-001 OA TO IHSER'I CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EHERGEHCY BORATIOH



TOP Case: Solid S ate Protection S stem 2 of 4 Lo ic

Total plant damage state frequency = 5.800E.005

NUMBER FREOUENCY PERCEHT SUM
EVEN'I VALUE DESCRIPTION

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 40X
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

1.147E-006 1.98X 1.036E 005
LOSPI 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 8 SPRt (NO TRA)
COH 1.BODE+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORt
HPR 2.800E-002 1/2 CCPs- 1/2 RHR- tR A SPRT FAILS

9.990E-007 1.72X 1.348E-005
LOSP1 4.100E-002 Loss of Offsite Po~er (Single Unit)
4KAC 5.470E.002 4160 V AC POWER BUS A FAIL (Wl'TH DGs - LOSP)
AFW 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO TRA)
COH 1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORt
HP I 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP

16.

18

24

25.

26.

27.

6.030E.007 1.04X 1.846E 005
TT 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 THAH 40X
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E 001 OA TO INSER1'ONTROL RODS
PPR 2.690E-001 FULL AFW AND NO CRI ALL SUPPORT AVAIL

5.899E.007 1.02X 1.965E 005
SGR 2.500E-002 Steam Generator tube Rupture
AF'W 2.510E-003 2/2 HOPs & TOP- 3/3 SGs FAlL- 5 HRS- ALL SUPPORT
OAB 1.000E-002 OA TO ESTABLISH BLEED AHD FEED COOLING

4.981E.007 0.86X 2.278E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater FlowRl'.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OHG 5.000E-001 OA TO TRIP HG SE'TS

OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EHERGEHCY BORATION

4.825E-007 0.83X 2.326E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 IHltIAL POWER LESS THAN 40X
OMG 5.000E-001 OA TO TRIP HG 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

4.742E-007 0.82X 2.373E.005
HLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.360E-004 EHGIHEERED SAFETY FEATURES TRAIHS A&B FAIL (MLO)
HPI 1.DOGE+000 2/4 HPls- 2/3 CLEGS- HLO- NO SUPPORT
AF'W 1.DOGE+000 AFW - NO SUPPORl'VAILABLE
CCU 1.OBOE+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT
CCW 1.DOGE+000 1/2 CCW 'TRAIHS - HO SUPPOR't

4.561E-007 0.79X 2.419E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40%
OHG 5.000E 001 OA TO TRIP HG SETS
AFW 8.860E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT
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TOP Case: Solid Sta e Protec ion S s em 2 of 4 Lo ic Con 'd

28. 4.378E-007 0.75X 2.463E-005
LHF
RT

PLL
OHG

OCR

PPR

5.300E-001 Loss of Hain Feedwater Flow
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

8.610E.001 INITIAL POWER LESS I'HAN 40X
5.000E 001 OA TO TRIP HG SETS
5.070E-001 OA TO IHSERT CONTROL RODS

2.690E 001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

31. 4.153E-007 0.72X 2.590E-005
LOSP1
4KAC
AFW

CON

OAB

4. 100E-002 Loss of Offsite Po~er (Single Unit)
5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)

2.000E.002 HDP TO 2/4 SGs FAIL- 5 NRS TR B SPRT (NO TRA)
1.000E+000 1/3 COH PHPs-1/4 SGs FAIL-- NO SUPPORT

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

32. 4.059E-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 ALB FAlL (LLO)
1.DOGE+000 1/2 RHR PHPs TO 2/3 COLD LEGS- LLO . NO SPRT

1.000E+000 2/4 HPls- 2/3 CLEGS- LLO- NO SUPPOR'I

1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT

34. 3.879E-007 0.67X 2.708E-005
PMF

AFW

CON

OAB

1.500E+000 Partial Loss of Hain Feedwater Flow
2.710E-005 2/2 HDPs 8 TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

1.DOGE+000 1/3 COH PHPs.1/4 SGs FAIL" NO SUPPORT

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

37. 3.587E-007 0.62X 2.817E-005
SGR

AFW

OAR

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 HOPs 8 TDP- 3/3 SGs FAIL- 5 NRS- ALL SUPPORT

6.090E 003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

42. 2.891E-007 0.50X 2.971E-005
LOC

RT

PLL
OHG

OCR

PPR

3.500E.001 Loss of Condenser
1.760E 005 REAC'IOR TRIP FAILS (DIVERSE SIGHAL WITH OA) ALL SUPPORT

8.610E 001 INITIAL POWER LESS THAH 40X
5.000E-001 OA TO TRIP HG SETS

5.070E 001 OA TO INSERT CONTROL RODS

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

43. 2.799E-007 0.48K 2.999E-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 HDP TO 2/4 SGs FAlL- 5 HRS- TR 8 SPRY (NO TRA)

1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT

2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRY FAILS

47. 2.511E.007 0.43X 3. 104E-005
LOSP1
4KAC
AF'W

CON

OAR

4. 100E-002 Loss of Offsite Power (Single Unit>
5.470E-002 4160 V AC POWER BUS A FAIL ('ITH DGs - LOSP)

2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO TRA)
1.DOGE+000 1/3 CON PHPs-1/4 SGs FAIL-- HO SUPPORT

6.090E.003 OA TO ESTABLISH HIGH PRESSURE RECIRC (IHCLUDES OLP)

50. 2.437E.007 0.42X 3.178E 005
LOSP2
4KAC
AFW

COH

HPI

1.000E.002 Loss of Offsite Po~er (Dual Unit)
5.470E.002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 HDP TO 2/4 SGs FAlL- 5 NRS TR 8 SPRY (NO TRA)

1.OBOE+000 'I/3 CON PHPs-1/4 SGs FAlL" HO SUPPORT

2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP

51. 2.424E.007 0.42X 3.202E.005
TT

R1'LL

OMG

OCR

OBR

7.300E-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL 'WITH OA) - ALL SUPPORT

8.610E 001 IHITIAL POWER LESS THAN 40X
5.000E 001 OA TO TRIP HG SETS

5.070E 001 OA TO INSERT CONTROL RODS

1.550E-001 OA TO ESTABLISH EHERGEHCY BORATION

E-8
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54. 2.348E-007 0.40% 3.274E-005
TT
Rt
PLL
OHG

OCR

AFW

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 NG SETS
5.070E 001 OA TO INSERT CONTROL RODS

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

55. 2.342E.007 0.40% 3.297E-005
PNF
AFW

COH

OAR

1.500E+000 Partial Loss of Hain Feedwater Flow
2.710E-005 2/2 HOPs & TDP- 2/4 SGs FAIL- 5 HRS ~ ALL SUPPORT

1.000E+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

57. 2.220E.007 0.38/ 3.342E-005
'I'

RT

PLL
OMG

AFW

7.300E.001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL 'WITH OA) - ALL SUPPORT

8.610E-001 INITIAL POWER LESS THAN 40%
5.000E 001 OA TO TRIP HG SETS
8.860E-002 2/2 HOPs & tDP TO 4/4 SGs FAII.. 5 HRS - ALL SUPPORT

63. 1.879E-007 0.32% 3.458E.005
SLO

ESF
CCP

LPI

6.600E-003 Small Loss of Coolant Accident
1.210E-003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (0'THERS)
2.550E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL
1.000E+000 LPI- 1/2 LPls. 3/4 CLEGS- NO SUPPORT

66. 1.801E.007 0.31% 3.513E-005
LOSP1
CKAC
AFW

CON

PZR

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 8 SPRT (NO TRA)
1.OBOE+000 1/3 CON PMPs-1/C SGs FAlL - NO SUPPORT

4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAlL TO OPER- TR 8 SPRY

70. 1.760E-007 0.30% 3.584E.005
LMF

RT

PLL
ONG

OCR

OBR

5.300E.001 Loss of Hain Feedwater Flow
1 '60E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WI'TH 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 RCOS
1.550E-001 OA TO ESTABLISH EHERGEHCY BORATION

72. 1.705E-007 0.29% 3.619E-005
LNF
RT

PLL
ONG

OCR

AFW

5.300E-001 Loss of Hain 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 HG SETS
5.070E.001 OA TO IHSERT CONTROL RODS

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

76. 1.612E-007 0.28% 3.683E-005
LMF

RT

PLL
OHG

AFW

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 HG SETS
8.860E-002 2/2 NDPs & TDP TO 4/C SGs FAlL- 5 HRS - ALL SUPPORT

78. 1.481E-007 0.26% 3.713E.005
SGR

AFW

HPR

2.500E-002 Steam Generator 'tube Rupture
2.510E-003 2/2 NDPs & TDP. 3/3 SGs FAIL. 5 HRS- ALL SUPPORT

2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORt

83. 1.404E-007 0.24% 3.785E-005
SIS
RT

PLL
OMG

OCR
PPR

1.700E-001 Safety Injection Signal ( Inadv)
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT

8.610E-001 INITIAL POWER LESS THAN 40%
5.000E-001 OA TO TRIP HG SETS
5.070E-001 OA TO INSERT COHTROL RODS
2.690E-001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL
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87. 1.376E.007 0.24K 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 IHSERT CONTROL RODS

OBR 1.550E.001 OA TO ESTABLISH EMERGENCY BORATIOH

88. 1.373E.007 0.24/ 3.854E.005
MLO 8.000E-004 Median Loss of Coolant Accident
ESF 2.420E 002 EHGINEERED SAFETY FEATURES TRAIH B FAILS (MLO)
LPR 8.040E-003 'I/2 RPMPs CLEG REC 1/3 CL- MLO- TR A SUPPORT AVAIL

89. 1.371E.007 0.24K 3.867E-005
LMF 5.300E-001 Loss of Main FeedHater Flow
AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

COH 1.OBOE+000 1/3 CON PMPs.1/4 SGs FAIL-- HO SUPPORT

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

90. 1.370E-007 0.24K 3.881E-005
MLO 8.000E.004 Mediun 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 8 SUPPORT AVAIL

94. 1.293E.007 0.22K 3.934E-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 40X
OMG 5.000E 001 OA TO TRIP KG SETS

OCR 5.070E-001 OA TO INSER1'OHTROL RODS

AFW 6.560E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT

PPR 3.620E.001 PARTIAL AF'W AND HO CRI ALL SUPPORT AVAIL

100. 1.162E 007 0.20K 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 40X
OMG 5.000E-001 OA TO TRIP KG SETS

OCR 5.070E.001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATIOH
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Total plant damage state frequency = 5.835E-005

HUHBER FREDUENCY PERCENT SUH
EVENT VALUE DESCRIPTIOH

1.265E-006 2. 17/ 9.238E-006
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL 'WITH OA) ALL SUPPORT
PLL 8.610E-001 IHI'IIALPOWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E.001 OA TO INSERT COHTROL RODS
PPR 2.690E-001 FULL AFW AND HO CRI ALL SUPPOR'T AVAIL

1. 147E 006 1.97K 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)
AFW 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
CON 1.BODE+000 1/3 COH PMPs. 1/4 SGs FAIL" HO SUPPORT
HPR 2.800E.002 1/2 CCPs 1/2 RHR- TR A SPRY FAlLS

9.975E.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 FAlL (WITH DGs - LOSP)
AF'W 2.000E 002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRY AVAIL- LOSP

14.

18.

22.

25.

26.

27.

6.155E-007 1.05K 1.728E-005'll'.300E-001 Turbine Trip
R'I 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL 'WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN

40'MG

5.000E-001 OA 'jo 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 1.01K 1.968E.005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 MDPs 8 TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E.002 OA TO ESTABLISH BLEED AND FEED COOLING

5.084E-007 0.87X 2.182E 005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
R'I 1.800E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL 'WITH OA) ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO IHSER'T COHTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EHERGEHCY BORATION

4.939E 007 0.85K 2.331E-005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAlLS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 IHITIAL POWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CON'TROL RODS
AFW 8.870E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 MRS - ALL SUPPORT

4.781E-007 0.82K 2.379E-005
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.420E-004 ENGINEERED SAFETY FEATURES TRAINS ABB FAIL (MLO)
HPI 1.000E+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT
AFW 1.DOGE+000 AFW - NO SUPPORT AVAILABLE
CCU 1.BODE+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
CCW 1.DOGE+000 1/2 CC'W TRAINS - HO SUPPORT

4.669E-007 O.BOX 2.426E-005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-005 REAC'IOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS 'THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
AFW 8.870E-002 2/2 HOPs 4 TDP TO 4/4 SGs FAlL 5 HRS ALL SUPPORT
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28. 4.469E 007 0.77K 2.470E-005
LMF
RT

PLL
OMG

OCR
PPR

5.300E-001 Loss of Hain Feedwater Flow
1.800E-005 REAC'TOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40K
5.000E-001 OA TO TRIP HG SETS
5.070E 001 OA TO INSERT CONTROL RODS
2.690E.001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

31. 4.146E.007 0.71K 2.598E.005
LOSP1
4KAC
AFW

CON

OAB

4.100E-002 Loss of Offsite Po~er (Single Unit)
5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.DOGE+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AHD FEED COOLING START SI

32. 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 TRAIHS A&8 FAIL (LLO)
1.DOGE+000 1/2 RHR PHPs TO 2/3 COLD LEGS- LLO - NO SPRT
1.000E+000 2/4 HPls- 2/3 CLEGS- LLO- NO SUPPORT
1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

34. 3.879E 007 0.66/ 2.717E-005
PHF
A F'W

CON

OAB

1.500E+000 Partial Loss of Hain Feedwater Flow
2.710E-005 2/2 HDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

1.OBOE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E.002 OA TO ESTABLISH BLEED AND FEED COOLING START SI

37. 3.586E.007 0.61K 2.825E.005
SGR

AFW

OAR

2.500E-002 Steam Generator Tube Rupture
2.510E.003 2/2 HDPs & TDP. 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

41. 2.951E.007 0.51K 2.950E-005
LOC
RT
PLL
OMG

OCR

PPR

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 40K
5.000E-001 OA TO TRIP HG SETS
5.070E-001 OA TO INSERT CONTROL RODS

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

43. 2.798E-007 0.48K 3.007E.005
LOSP2
4KAC
AFW

CON

HPR

1.000E-002 Loss of Offsite Po~er (Dual Unit)
5.470E-002 4160 V AC POWER BUS A FAIL ('ITH DGs - LOSP)
2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.DOGE+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT
2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

47.

48.

51.

2.511E.007 0 '3K 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 HDP TO 2/4 SGs FAlL- 5 HRS- TR B SPRY (HO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- HO SUPPORT

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC ( INCLUDES OLP)

2.474E-007 0.42K 3. 138E.005
TT 7.300E-001 Turbine Trip
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL 'WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POllER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO IHSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EHERGEHCY BORATIOH

2.433E.007 0.42K 3.211E-005
LOSP2
4KAC
AF'W

CON

HPI

1.000E-002 Loss of Offsite Po~er (Dual Unit)
5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO TRA)
1.OBOE+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT
2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP
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54. 2. 404E-007 0.41X 3. 283E-005
TT 7.300E-001 Turbine Trip
RT 1.800E.OOS REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) . ALL SUPPORt
PLL 8.610E 001 INITIAL POWER LESS THAH 40X
OMG 5.000E.001 OA TO TRIP HG SETS
OCR 5.070E 001 OA TO INSERT COHTROL RODS
AFW 8.870E-002 2/2 HOPs & tDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORt

55. 2.342E-007 0.40X 3.307E 005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
AFW 2.710E-DOS 2/2 HDPs & TDP- 2/4 SGs FAIL- 5 HRS. ALL SUPPORT
CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

56. 2.272E.007 0.39X 3.329E 005
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 40X
OHG 5.000E 001 OA TO TRIP HG SETS
AFW 8.870E-002 2/2 HOPs & TDP TO 4/4 SGs FAlL- 5 HRS - ALL SUPPORT

59. 2.003E-007 0.34X 3.393E 005
SLO 6.600E-003 Small Loss of Coolant Accident
ESF 1 '90E 003 ENGINEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
CCP 2.550E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL
LPI 1.OBOE+000 LPI- 1/2 LPls. 3/4 CLEGS. NO SUPPORt

66. 1.798E.007 0.31X 3.524E.005
LOSPl 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 HDP tO 2/4 SGs FAIL- 5 HRS- TR 8 SPRt (NO 'IRA)
CON 1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL" NO

SUPPORl'2R

4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAlL TO OPER- TR 8 SPRT

69.

71.

78.

80.

1. 796E.007 0. 31X 3. 578E-005
LHF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.800E-DOS REACTOR TRIP FAlLS (DIVERSE SIGNAL WITH OA) ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OMG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EHERGEHCY BORATION

1.745E ~ 007 0.30X 3.613E-OOS
LMF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.800E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPOR'r
PLL 8.610E-001 IHI'TIAL POWER LESS THAN 40X
OHG 5.000E-001 OA TO TRIP MG SE'IS
OCR 5.070E-001 OA TO INSERT COH'TROL RODS
AF'W 8.870E-002 2/2 MDPs & TDP tO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

1.650E.007 0.28X 3.647E.OOS
LMF 5.300E-001 Loss of Hain Feedwater Flow
RT 1.800E-ODS REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT
PLL 8.610E-001 IHITIAL POWER LESS THAN 40X
OHG S.OOOE-001 OA TO TRIP MG SETS
AFW 8.870E-002 2/2 HOPs & TDP TO 4/4 SGs FAIL- 5 HRS . ALL SUPPORT

1.481E 007 0.25X 3.726E 005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003'/2 HOPs & TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

1.458E-007 0.25X 3.755E-OOS
HLO 8.000E-004 Medium Loss of Coolant Accident
ESF 2.570E 002 EHGINEERED SAFETY FEATURES TRAIN 8 FAILS (MLO)
LPR 8.040E-003 1/2 RPHPs CLEG REC 1/3 CL- HLO- TR A SUPPORT AVAIL

E-1 3
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81. 1.455E.007 0.25K, 3.770E-005
HLO 8.000E-004 Hediun Loss of Coolant Accident
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIN A FAILS (HLO)
LPR 8.040E-003 1/2 RPHPs CLEG REC 1/3 CL- HLO. TR 8 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 IHITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

PPR 2.690E-001 FULL AF'W AHD NO CRI ALL SUPPORT AVAIL

85. 1.407E.007 0.24K 3.826E 005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E.005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

OHG 5.000E-001 OA TO TRIP HG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EHERGEHCY BORATION

90. 1.370E.007 0.23K 3.896E.005
LHF 5.300E-001 Loss of Hain Feedwater Flow
AFW 2.710E-005 2/2 HDPs 8 TDP- 2/4 SGs FAIL. 5 HRS- ALL SUPPORT

CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- HO SUPPORT

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

92. 1.351E.007 0.23K 3.923E-005
~ PHF 1.500E+000 Partial Loss of Hain Feedwater Flow

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

8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS

OCR 5.070E-001 OA TO IHSERT 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 SUPPOR'l AVAIL

98. 1.2'ISE-007 0.21K 3.998E-005
MLO 8.000E.004 Hediun Loss of Coolant Accident
ESF 2 '70E-002 EHGINEERED SAFETY FEATURES TRAIN A FAILS (HLO)
LPI 6.660E-003 1/2 RPHPs. 2/3 CLEGS- HLO TR A SPRT FAILS

E-14



Pre-TOP Case: Solid State Protection S stem 2 of 3 Lo ic

Total plant damage state frequency = 5.717E-005

NUHBER FREOUENCY PERCENT SUN
EVENT VALUE DESCRIPTION

1.203E.006 2. 10% 9. 177E-006
PHF 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 40K
ONG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E 001 OA TO IHSERT COHTROL RODS
PPR 2.690E 001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

1.148E.006 2.01K 1.032E.005
LOSP1 4.100E-002 Loss of Offsite Po~er (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (MITH DGs - LOSP)
AFM 2.000E 002 MDP TO 2/4 SGs FAIL 5 NRS TR B SPR'I (NO 'TRA)
CON 1.DOGE+000 1/3 CON PHPs-1/4 SGs FAIL-- HO SUPPORT
HPR 2.800E-002 1/2 CCPs. 1/2 RHR- TR A SPRT FAILS

9.

17.

1.003E-006 1.76K 1.346E-005
LOSPl 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4 160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
COH 1.BODE+000 1/3 CON PHPs-1/4 SGs FAIL" HO SUPPORT
HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL- LOSP

5.902E.007 1.03K 1.903E.005
SGR 2.500E.002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 HDPs 8 'TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
OAB 1.000E 002 OA TO ESTABLISH BLEED AND FEED COOLIHG

18. '.855E-007 1.02K 1.962E-005
7.300E-001 Turbine Trip

RT 1.700E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E 001 INITIAL POMER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E 001 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AND HO CRI ALL SUPPORT AVAIL

4.837E.007 0.85K 2.274E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR 'TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT
PLL 8.610E 001 INITIAL POWER LESS THAN 40K
OHG 5.000E 001 OA TO TRIP HG SE'TS

OCR 5.070E 001 OA TO INSERT CONTROL RODS

OBR 1.550E 001 OA TO ESTABLISH EHERGEHCY BORATIOH

25.

26.

27.

4.668E.007 0.82K 2.320E-005
PNF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E 001 INITIAL POMER LESS THAN 40K
OHG 5.000E 001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
AFW 8.870E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.452E-007 0.78K 2.365E 005
HLO 8.000E-004 Hediua Loss of Coolant Accident
ESF 6.910E 004 ENGINEERED SAFETY FEATURES TRAINS ARB FAIL (HLO)
HPI 1.DOGE+000 2/4 HPIs- 2/3 CLEGS- HLO. HO SUPPORT
AFW 1.DOGE+000 AFW - HO SUPPORT AVAILABLE
CCU 1.OBOE+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT
CCM 1.000E+000 1/2 CCW TRAINS HO SUPPORT

4.413E-007 0.77K 2.409E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
R'I 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POMER LESS THAN 40K ~

OHG 5.000E-001 OA TO TRIP HG SETS
AFM 8.870E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 HRS . ALL SUPPORT



Pre-TOP Cas: Solid S e Pro ec ion S s em 2 of 3 Lo ic Con 'd

29. 4.262E-007 0.75K 2.495E 005
LLO
ESF
LPI
HPI
CCU

3.000E-004 Large Loss of Coolant Accident
1.470E-003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - NO SPRY
1.000E+000 2/4 HPIs- 2/3 CLEGS- LLO- HO SUPPORT
1.000E+000 Ccus FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT

30. 4 '51E 007 0.74K 2.538E-005
LMF

RT

PLL
OMG

OCR

PPR

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 THAM 40/e
5.000E-001 OA TO TRIP HG SETS
5.070E 001 OA To INSERT'ONTROL RODS
2.690E-001 FULL AFW AND HO CRI ALL SUPPORT AVAIL

32. 4.171E-007 0.73X 2.622E-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 (HO TRA)
1.000E+000 1/3 COH PMPs-1/4 SGs FAIL" HO SUPPORT

1.000E 002 OA TO ESTABLISH BLEED AHD FEED COOLING START SI

34. 3.881E-007 0.68/ 2.699E-005
PHF
AFW

CON

OAB

1.500E+000 Partial Loss of Hain Feedwater Flow
2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAIL- 5 HRS. ALL SUPPORT
1.DOGE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORT
1.000E.002 OA TO ESTABLISH BLEED AND FEED COOLING -START SI

38. 3.589E-007 0.63K 2.844E.005
SGR

AFW

OAR

2.500E-002 Steam Generator Tube Rupture
2.510E.003 2/2 MDPs 8 TDP. 3/3 SGs FAIL- 5 HRS. ALL SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC 'W/0 SPRAY

42.

43

'7.

49.

53.

2.807E-007 0.49X 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 40K
OHG 5.000E 001 OA TO TRIP MG SETS
OCR 5.070E.001 OA TO INSERT CONTROL RODS

PPR 2.690E-001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL

2.799E.007 0.49K 2.990E.005
LOSP2 1.000E-002 Loss of Offsite Po~er (Duet 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 8 SPRY (HO TRA)
COH 1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT
HPR 2.800E.002 1/2 CCPs- 1/2 RHR TR A SPRY FAILS

2.512E-007 0.44K 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>
AF'W 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS- TR B SPRT (HO TRA)
CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT

OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

2.448E-007 0.43K 3. 145E.005
LOSP2 1.000E-002 Loss of Offsite Po~er (Dual Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2 ~ OOOE-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (NO TRA)
COH 1.GOBE+000 1/3 COH PMPs.1/4 SGs FAIL-- HO SUPPORT
HP I 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP

2.354E-007 0.41X 3.241E-005
TT 7.300E-001 Turbine Trip
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 IHITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT COHTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EMERGENCY BORATIOH
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54. 2.343E.007 0.41X 3.265E.005
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
AFW 2.710E-005 2/2 HOPs & TDP- 2/4 SGs FAlL- 5 HRS- ALL SUPPORT
CON 1.OBOE+000 1/3 CON PMPs-1/4 SGs FAIL-- NO SUPPORt
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

55. 2.272E 007 0.40X 3.287E-005
TT 7.300E-001 'Turbine Trip
RT 1.700E.005 REAC'IOR TRIP FAILS (DIVERSE SIGHAL 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 OA TO INSERT COHTROL RODS
A F'W 8.8?OE 002 2/2 MDPs & 'IDP TO 4/4 SGs FAIL- 5 MRS ALL SUPPORT

57. 2.148E-007 0.38X 3.331E 005
I' 7.300E-001 Turbine Trip
RT 1.700E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E 001 INITIAL POMER LESS THAN 40X
OMG 5.000E-001 OA TO TRIP MG SETS
AFW 8.870E.002 2/2 MOPs & TDP TO 4/4 SGs FAIL- 5 MRS . ALL SUPPOR'I

64. 1.809E-007 0.32X 3.466E-005
LOSP1 4.100E-002 Loss of Offsite Power (Single Unit)
4KAC 5.470E-002 4160 V AC POWER BUS A FAlL (WITH DGs - LOSP)
AFW 2.000E-002 MDP TO 2/4 SGs FAlL- 5 HRS- TR B SPRY (HO TRA)
CON 1.000E+000 1/3 CON PMPs-I/4 SGs FAIL-- NO SUPPORT
PZR 4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

70. 1.709E.007 0.30X 3.572E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
RT 1.700E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL MITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAH 40X
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 BORATIOH

71. 1.649E.007 0.29X 3.588E.005
LMF '5.300E-001 Loss of Main Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAlLS (DIVERSE SIGNAL MITH OA) - ALL SUPPORT
PLL 8.610E 001 INITIAL POMER LESS THAH 40X
OMG 5.000E-OOI OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT COHTROL RODS
AFW 8.870E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

75.

77.

81.

1.559E 007 0.27X 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 POlER LESS THAH 40X
OMG 5.000E 001 OA TO TRIP MG SETS
AFW 8.870E.002 2/2 HOPs & TDP TO 4/4 SGs FAIL 5 HRS ALL SUPPORt

1.482E 007 0.26X 3.683E.005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E-003 2/2 HOPs & TDP- 3/3 SGs FAIL- 5 MRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs. I/2 RHR ALL SUPPORT

1.429E.007 0.25X 3.740E-005
SLO 6.600E-003 Small Loss of Coolant Accident
ESF 9.200E-004 EHGIHEERED SAFETY FEATURES TRAIN A FAILS (OTHERS)
CCP 2.550E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL
LPI 1.DOGE+000 LPI- 1/2 LPls- 3/4 CLEGS- HO SUPPORT

1.371E-007 0.24X 3.810E-005
LMF 5.300E-001 Loss of Main Feedwater Flow
AFW 2.710E-005 2/2 MDPs & TDP- 2/4 SGs FAlL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E 002 OA TO ESTABLISH BLEED AHD FEED COOLING -START SI
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87. 1.363E 007 0.24K 3.824E-005
SIS 1.700E-001 Safety Injection Signal (Inadv)
RT 1.700E.005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
PLL 8.610E.001 INITIAL POWER LESS 'IHAH 40K
OHG 5.000E 001 OA TO TRIP HG SETS
OCR 5.070E 001 OA TO INSERT CONTROL RODS

PPR 2.690E-001 FULL AFW AND HO CRI ALL SUPPORT AVAIL

89. 1.330E.007 0.23/ 3.850E.005
PHF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
OHG 5.000E-001 OA TO TRIP HG SETS

OCR 5.070E.001 OA TO INSERT CONTROL RODS

OBR 1.550E 001 OA TO ESTABLISH EHERGEHCY BORATION

97. 1. 172E-007 0.20K 3.949E-005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.700E 005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA)
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OHG 5.000E-001 OA TO TRIP HG SETS
OCR 5.070E-OOI OA TO INSERT CONTROL RODS

AFW 6. 150E-002 TDP TO 2/4 SGs FAILS- 5 HRS - ALL SUPPORT

PPR 3 '20E-001 PARTIAL AF'W AND HO CRI ALL SUPPORT AVAIL

98. 1.129E 007 0.20K 3.960E-005
LOC 3.500E-001 Loss of Condenser
RT 1.700E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
PLL 8.610E 001 INITIAL POWER LESS THAN 40K
OHG 5.000E 001 OA TO TRIP HG SETS

OCR 5.070E.001 OA TO INSERT CONTROL RODS

OBR 1.550E 001 OA TO ESTABLISH EHERGEHCY BORATIOH

100. 1.089E-007 0.19K 3.982E-005
LOC 3.500E-001 Loss of Condenser
R'I 1.700E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA)
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OHG 5.000E 001 OA TO TRIP HG SETS

OCR 5.070E-001 OA TO INSERT COHTROL RODS

AFW 8.870E.002 2/2 HDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS ALL

- ALL SUPPORT

- ALL SUPPORT

ALL SUPPORT

. ALL SUPPORT

. ALL SUPPORT

SUPPORT



Westinghouse Proprietary Class 2C

TOP Case: Solid State Protec ion S s m 2 of 3 Lo ic

Total plant damage state frequency = 5.832E-005

HUMBER FREDUEHCY PERCENT SUM

EVENT VALUE DESCRIPTIOH

'.237E.0062. 12I". 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 THAM 40%

OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E 001 OA TO INSERT COHI'ROL RODS

PPR 2.690E.001 FULL AFW AND HO CRI ALL SUPPORT AVAIL

1. 147E-006 1.97K 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 (HO TRA)
COH 1.000E+000 1/3 CON PMPs-1/4 SGs FAIL-- HO SUPPORT

HPR 2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

9.986E-007 1.7IX 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)
AF'W 2.000E-002 MDP TO 2/4 SGs FAIL- 5 HRS TR B SPRT (HO TRA)

COH 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL" HO SUPPORT

HPI 2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPR'I AVAIL- LOSP

14.

I7.

19.

25.

26.

27.

6.492E-007 1. 11K 1.729E-005
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 2.240E.003 EHGIHEERED SAFETY FEATURES TRAINS ABB FAIL (LLO)
LPI 1.DOGE+000 1/2 RHR PMPs TO 2/3 COLO LEGS. LLO - HO SPRT

HPI 1.DOGE+000 2/4 HPIs- 2/3 CLEGS- LLO- NO SUPPORT

CCU 1.DOGE+000 CCUs FAIL TO PROVIDE COOLING 24 HRS- NO SUPPORT

6.021E-007 1.03I". 1.910E-005
TT 7.300E-001 Turbine TripRl'.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) - ALL

SUPPORI'LL

8.610E-001 INITIAL POWER LESS THAH 40K
OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT COHTROL RODS

PPR 2;690E.001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL

5.899E-007 I.OIL 2.029E-005
SGR 2.500E-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 AHD FEED COOLING

4.974E-007 0.85K 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 THAH 40K
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 BORATIOH

4.850E.007 0.83K 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 IHITIAL POWER LESS THAN 40K
OMG 5.000E-001 OA TO TRIP MG SETS

OCR 5.070E-001 OA TO INSERT CONTROL RODS

AFW 8.910E-002 2/2 HOPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

4.798E.007 0.82K 2.438E-005
MLO 8.000E-004 Medius Loss of Coolant Accident
ESF 7.450E.004 EHGIHEERED SAFET'Y FEATURES TRAINS ABB FAIL (MLO)
HP I 1.DOGE+000 2/4 HPIs- 2/3 CLEGS- MLO- NO SUPPORT

AFW 1.DOGE+000 AFW HO SUPPORT AVAILABLE
CCU 1.DOGE+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT

CCW 1.DOGE+000 1/2 CCW TRAINS - HO SUPPORT



TOP Case: Solid State Protection S s em 2 of 3 Lo ic Cont'd

28. 4.585E.007 0.79X 2.484E 005
PHF
R'I

PLL
OMG

AFW

1.500E+000 Partial Loss of Hain Feeduater Floe
1.760E 005 REAC'TOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT

8.610E-001 INITIAL POWER LESS THAN 40X
5.000E 001 OA TO TRIP HG SETS
8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

29. 4.371E.007 0.75X 2.528E-005
LMF
RT

PLL
OMG

OCR

PPR

5.300E-001 Loss of Hain Feedwater FloM
1.760E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT

8.610E 001 INITIAL POWER LESS I'HAH 40X
5.000E 001 OA TO TRIP HG SETS
5.070E.001 OA TO IHSERT CONTROL RODS

2.690E.001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL

32. 4.151E.007 0.71X 2.655E.005
LOSP1
4KAC
AFW

CON

OAB

4.100E.002 Loss of Offsite Po~er (Single Unit)
5.C70E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 HDP TO 2/4 SGs FAIL 5 HRS. TR 8 SPRT (NO TRA)
1.DOGE+000 1/3 COH PMPs 1/4 SGs FAIL-- HO SUPPORT

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

34. 3.892E.007 0.67X 2.733E.005
PHF
AFW

COH

OAB

1.500E+000 Partial Loss of Hain Feedvater Fiox
2.720E-005 2/2 MOPs &, TDP- 2/4 SGs FAIL- 5 HRS. ALL SUPPORT

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

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

37. 3.587E.007 0.62X 2.842E.005
SGR

AFW

OAR

2.500E-002 Steam Generator Tube Rupture
2.510E.003 2/2 MOPs & TDP. 3/3 SGs FAIL- 5 HRS. ALL SUPPORT

6.090E 003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

42. 2.887E.007 0.49X 2.995E.005
LOC

RT

PLL
OMG

OCR

PPR

3.500E-001 Loss of Condenser
1.760E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) . ALL SUPPORT

8.610E-001 INITIAL POWER LESS THAM 40X
5.000E.001 OA TO TRIP HG SETS

5 '70E-001 OA TO IHSERT CONTROL RODS

2.690E.001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL

43. 2.799E.007 O.CBX 3.023E-005
LOSP2
4KAC
AFW

CON

HPR

1.000E-002 Loss of Offsite Power (Dual Unit)
5.470E-002 C160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 MDP TO 2/4 SG$ FAIL- 5 HRS- TR 8 SPRT (MO TRA)
1.DOGE+000 1/3 COH PMPs-1/4 SGs FAlL-- HO SUPPORT

2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRT FAILS

47. 2.511E.007 0.43X 3.129E-005
LOSP1
4KAC
AFW

COH

OAR

4. 100E-002 Loss of Offsite Pouer (Single Unit)
S.C70E-002 4160 V AC POWER BUS A FAlL (WITH DGs - LOSP)

2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT (HO TRA)
1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- NO SUPPORT

6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

50. 2.436E-007 0.42X 3.202E.005
LOSP2
4KAC
AFW

COH

HPI

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 HDP TO 2/4 SGs FAIL- 5 HRS- TR 8 SPRT <HO TRA)
1.000E+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT

2.430E-002 1/2 CCPs- 3/4 CLEGS- TR B SPRT AVAIL. LOSP

51. 2.420E-007 0.42X 3.226E.005
TT
RT

PLL
OHG

OCR

OBR

7.300E-001 Turbine Trip
1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) ALL SUPPORT

8.610E-001 INITIAL POWER LESS THAN 40X
5 ~ OOOE-001 OA TO TRIP HG SETS
5.070E-001 OA TO IHSERT COHTROL RODS

1.550E.001 OA TO ESTABLISH EMERGENCY BORATIOH
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54. 2.360E.007 0.40X 3.298E-005
TT
RT
PLL
OMG

OCR

AFW

7.300E-001 Turbine Trip
1.760E-005 REAC'TOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40K
5.000E 001 OA TO TRIP MG SETS
5.070E.001 OA TO INSERT CONTROL RODS
8.910E-002 2/2 HOPs & TDP TO 4/4 SGs FAlL- 5 HRS - ALL SUPPORT

55. 2.351E-007 0.40% 3.322E-005
PMF

AFW

CON

OAR

1.500E+000 Partial Loss of Main Feedvater Floe
2.720E.005 2/2 HDPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- NO SUPPORT
6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

57. 2.231E-007 0.38K 3.366E-005

RT

PLL
OMG

AF'W

7.300E-001 Turbine Trip
1.760E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAN 40K
5.000E-001 OA TO TRIP MG SETS
8.910E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL 5 HRS - ALL SUPPORT

63. 1.879E-007 0.32K 3.483E-005
SLO
ESF
CCP

LPI

6.600E-003 Small Loss of Coolant Accident
1.210E-003 ENGINEERED SAFETY FEATURES TRAIH A FAILS (OTHERS)
2.550E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL
1.DOGE+000 LPI- 1/2 LPls- 3/4 CLEGS- NO SUPPORT

66. 1.800E.007 0.31K 3.538E.005
LOSP1
4KAC
AFW

COH

PZR

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 8 SPRT (HO TRA)
1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- NO SUPPORT
4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR B SPRT

70. 1.757E.007 0.30K 3.609E.005
LHF
RT

PLL
OMG

OCR

OBR

5.300E.001 Loss of Hain Feedwater Fiov
1.760E.005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

8.610E 001 INITIAL POWER LESS THAH 40K
5.000E.001 OA TO TRIP MG SETS
5.070E 001 OA TO INSERT CONTROL RODS
1.550E-001 OA TO ESTABLISH EMERGENCY BORATIOH

72. 1.714E.007 0.29X 3.643E.005
LMF
R'I

PLL
OMG

OCR
AF'W

5.300E-001 Loss of Hain Feedwater Floe
1.760E-005 REACTOR TRIP FAlLS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

8.610E 001 INITIAL POWER LESS THAN 40K
5.000E 001 OA TO TRIP MG SETS
5.070E-001 OA TO INSERT CONTROL RODS
8.910E-002 2/2 HDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

75.

78.

83.

1.620E-007 0.28)( 3.692E-005
LHF 5.300E-001 Loss of Hain Feedwater Floe
RT 1.760E-005 REACTOR TRIP FAlLS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT

PLL 8.610E-001 INITIAL POWER LESS THAH 40K
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

1.481E 007 0.25K 3.738E.005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2 '10E-003 2/2 HOPs & TDP. 3/3 SGs FAIL. 5 HRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

1.402E-007 0.24K 3.809E-005
SIS 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 THAH 40K
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CON'TROL RODS
PPR 2.690E-001 FULL AFW AND HO CRI ALL SUPPORl'VAIL
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'7.

1.376E 007 0.24X 3.865E 005
PHF 1.500E+000 Partial Loss of Mein Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL IJITH OA) ALL SUPPORT
OMG 5.000E 001 OA TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS

OBR 1.550E-001 OA TO ESTABLISH EHERGEHCY BORATIOH

88. 1.375E.007 0.24X 3.878E.005
LHF 5.300E-001 Loss of Hain Feedwater Flow
AFW 2.720E-005 2/2 HOPs 8, TOP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- NO SUPPORT
OAB 1.000E 002 OA To ESTABLISH BLEED AND FEED COOLING START SI

89. 1.373E-007 0.24X 3.892E-005
MLO 8.000E-004 Mediun Loss of Coolant Accident
ESF 2.420E 002 EHGINEERED SAFETY FEATURES TRAIN 8 FAILS (MLO)
LPR 8.040E.003 1/2 RPHPs CLEG REC 1/3 CL- MLO TR A SUPPORT AVAIL

90. 1.370E.007 0.23X 3.906E.005
HLO 8.000E.004 Median Loss of Coolant Accident
ESF 2.420E-002 EHGINEERED SAFETY FEATURES TRAIN A FAILS (HLO)
LPR „ 8.040E-003 1/2 RPHPs CLEG REC 1/3 CL- MLO- TR 8 SUPPORT AVAIL

94. 1.300E-007 0.22X 3.959E 005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL NITH OA) - ALL SUPPORT
PLL 8.610E 001 INITIAL PONER LESS THAN 40X
OHG 5.000E 001 OA TO TRIP HG SETS
OCR 5.070E 001 OA TO INSERT CONTROL RODS

AFll 6.600E-002 TDP TO 2/4 SGs FAlLS- 5 HRS - At.L SUPPORT
PPR 3.620E-001 PARTIAL AFN ANO NO CRI ALL SUPPORT AVAIL

100. 1.161E-007 0.20X 4.031E-005
LOC 3.500E-001 Loss of Condenser
RT 1.760E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL NITH OA) - ALL SUPPORT
PLL 8.610E-001 IHITIAL PONER LESS THAN 40X
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 EHERGEHCY BORATION
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Total plant damage state frequency = 5.893E.OOS

HUMBER FREOUEHCY PERCEHT SUM
EVENT VALUE DESCRIPTION

1.261E.006 2.14X 9.229E-006
PMF 1.500E+000 Partial Loss of Main Feedwater Flow
RT 1.800E-OOS REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) . ALL SUPPORT
PLL 8.610E.001 IHITIAL POWER LESS THAN 40X
OMG 5.000E 001 OA TO TRIP MG SE'ls
OCR 5.070E 001 OA TO INSERT CONTROL RODS
PPR 2.690E.001 FULL AF'W AHD NO CRI ALL SUPPORI'VAIL

1. 147E.006 1.95X 1.038E-OOS
LOSP1 4.100E.002 Loss of Offsite Power (Single Unit)
CKAC 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 (HO 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

9.966E-007 1.69X 1.349E-OOS
LOSP1 4.100E.002 Loss of Offsite Po~er (Single Unit)
4KAC 5.C70E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
AFW 2.000E-002 MDP tO 2/4 SGs FAIL- 5 MRS- tR 8 SPRI'HO TRA)
CON 1.000E+000 1/3 CON PMPs.1/4 SGs FAIL" NO SUPPORT
HP I 2.430E-002 I/2 CCPs- 3/4 CLEGS- tR B SPRT AVAIL- LOSP

8.459E.007 1.44X 1.533E.OOS
LLO 3.000E-004 Large Loss of Coolant Accident
ESF 2.920E 003 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (LLO)
LPI 1.000E+000 1/2 RHR PMPs TO 2/3 COLD LEGS- LLO - HO SPRT
HPI 1.000E+000 2/4 HPls- 2/3 CLEGS- LLO- NO SUPPORT
CCU 1.DOGE+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- NO SUPPORT

15.

19.

23.

25.

27.

6.136E-007 1.04X 1.811E-OOS
TT 7.300E-001 Turbine Trip
RT 1.800E-OOS REACTOR TRIP FAlLS (DIVERSE SIGHAL 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 OA TO INSERT CONTROL RODS
PPR 2.690E-001 FULL AFW AHD HO CRI ALL SUPPORT AVAIL

5.898E-007 1.00X 2.051E-005
SGR 2.500E-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 AHD FEED COOLING

5.069E-007 0.86X 2.265E 005
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
Rt 1.800E-OOS REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ~ ALL SUPPORT
PLL 8.610E-001 IHITIAL POWER LESS THAN 40X
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

4.985E.007 D.BSX 2.365E-OOS
PMF 1.500E+000 Partial Loss of Hain Feedwater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAH 40X
OMG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT COHTROL RODS
AFW 8.960E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 MRS - ALL SUPPORT

4.873E-007 0.83X 2.463E-ODS
MLO 8.000E-004 Medium Loss of Coolant Accident
ESF 7.570E-004 ENGINEERED SAFETY FEATURES TRAINS A&B FAIL (HLO)
HPI 1.DOGE+000 2/4 MPls- 2/3 CLEGS- MLO- NO SUPPORT
AF'W 1.DOGE+000 AFW - NO SUPPORT AVAILABLE
CCU 1.000E+000 CCUs FAIL TO PROVIDE COOLING- 24 HRS- HO SUPPORT
CCW 1.DOGE+000 1/2 CC'W tRAIHS . HO SUPPORT
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28. 4.712E.OD? O.BOX 2.510E.005
PHF
RT

PLL
OHG

AFW

1.500E+000 Partial Loss of Hain Feedwater Flow
1.800E 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
8.960E-002 2/2 MDPs 8 TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

29. 4.455E.OD? 0.76/ , 2.555E-005
LMF

RT
PLL
OMG

OCR

PPR

5.300E-001 Loss of Hain Feedwater Flow
1.800E-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 INSER'I COHTROL RODS

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

32. 4. 143E.007 0.70X 2.682E-005
LOSP1
4KAC
AFW

COH

OAB

4.100E-002 Loss of Offsite Po~er (Single Unit)
5.470E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 HDP To 2/C SGs FAIL- 5 HRS- TR B SPRT (NO TRA)
1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING -START Sl

33. 3.903E-007 0.66X 2.721E-005
PHF
AFW

CON

OAB

1.500E+000 Partial Loss of Hain Feedwater Flow
2.730E-005 2/2 MDPs II TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT

1.000E+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT
1.000E-002 OA TO ESTABLISH BLEED AND FEED COOLING START SI

37. 3.586E.007 0.61X 2.869E 005
SGR

AFW

OAR

2.500E-002 Steam Generator Tube Rupture
2.510E-003 2/2 MDPs B TDP- 3/3 SGs FAIL- 5 HRS- ALL SUPPORT

6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC W/0 SPRAY

42. 2.942E.OO? 0.50X 3.023E 005
LOC
RT

PLL
OMG

OCR

PPR

3.500E-001 Loss of Condenser
1.800E 005 REACTOR 'TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
8.610E-001 INITIAL POWER LESS THAH 40X
5.000E-001 OA TO TRIP HG SETS
5.070E-001 OA TO INSERT COHTROL RODS

2.690E 001 FULL AFW AHD NO CRI ALL SUPPORT AVAIL

43. 2.798E.007 0.47X 3.051E-005
LOSP2
4KAC
AF'W

COH

HPR

1.000E-002 Loss of Offsite Power (Dual Unit)
5.470E-002 4160 V AC POWER BUS A FAlL (WITH DGs . LOSP)
2.000E 002 MDP TO 2/4 Sos FAIL- 5 HRS- TR 8 SPRT (HO TRA)
1.000E+000 1/3 CON PHPs-1/4 SGs FAlL-- HO SUPPORT

2.800E-002 1/2 CCPs- 1/2 RHR- TR A SPRY FAILS

47. 2.511E-007 0.43X 3.156E-005
LOSP1

'KAC
AFW

COH

OAR

4.100E-002 Loss of Offsite Po~er (Single Unit)
S.C70E-002 4160 V AC POWER BUS A FAIL (WITH DGs - LOSP)
2.000E-002 HDP TO 2/4 SGs FAIL- 5 HRS. TR 8 SPRT (HO TRA)
1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT

6.090E-003 OA TO ES'TABLISH HIGH PRESSURE RECIRC ( INCLUDES OLP)

48. 2.467E.007 0.42X 3 '80E-005
TT
RT
PLL
OMG

OCR

OBR

7.300E-001 Turbine Trip
1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) . ALL SUPPORT
8.61OE-OOI INITIAL IOWER LESS THAN COX

5.000E-001 OA TO TRIP HG SETS
5.070E-001 OA TO INSERT CONTROL RODS

1.550E-001 OA TO ESTABLISH EHERGENCY BORATIOH

51. 2.431E.007 0./1X 3.254E-005
LOSP2
CKAC
AFW

CON

HPI

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 8 SPRT (HO TRA)
1.DOGE+000 1/3 COH PHPs-1/4 SGs FAIL-- HO SUPPORT
2.430E-002 1/2 CCPs- 3/4 CLEGS- TR 8 SPRT AVAIL- LOSP



Pro osed Case: Solid State Pro ection S stem 2 of 3 Lo ic Cont'd

52. 2.426E-007 0.41K 3.278E.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 40H
OMG 5.000E 001 OA TO TRIP HG SETS
OCR 5.070E 00'I OA TO INSERT CONTROL RODS
AFW 8.960E-002 2/2 MDPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

55. 2.359E.007 0.40% 3.350E.005
PHF 1.500E+000 Partial Loss of Hain Feed~ater FloM
AFW 2.730E-005 2/2 HOPs & TDP- 2/4 SGs FAIL- 5 HRS. ALL SUPPORT
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- HO SUPPORT
OAR 6.090E-003 OA TO ESTABLISH HIGH PRESSURE RECIRC (INCLUDES OLP)

56. 2.293E-007 0.39K 3.373E 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 40H
OHG 5.000E 00'I OA TO TRIP MG SETS
AFW 8.960E-002 2/2 HOPs & TDP TO 4/4 SGs FAIL- 5 HRS . ALL SUPPOR'I

59. 2.003E.007 0.34K 3.436E-005
SLO 6.600E-003 Small 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 8 SPRY AVAIL
LPI 1.DOGE+000 LPI- 1/2 LPls. 3/4 CLEGS- HO SUPPORT

68. 1.797E-007 0.30K 3.604E 005
LOSP1 4.100E.002 Loss of Offsite PoHer (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 8 SPRY (NO TRA)
CON 1.000E+000 1/3 CON PHPs-1/4 SGs FAIL-- NO SUPPORT
PZR 4.490E-003 1/2 PZR PORVs& BLOCK VLVS FAIL TO OPER- TR 8 SPRT

69. 1.791E.007 0 '0K 3.621E.005
LMF 5.300E-001 Loss of Hain FeedHater Flow
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WI1'H OA) ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40X
OHG 5.000E 001 OA 'TO TRIP HG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E 001 OA TO ESTABLISH EHERGEHCY BORATIOH

71. 1.761E.007 0.30K 3.657E.005
LMF 5.300E-OO'I Loss of Hain FeedHater Flow
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 HG SETS
OCR 5.070E 001 OA TO INSERT CONTROL RODS
AFW 8.960E-002 2/2 HOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

73. 1.665E-007 0.28K 3.691E-005
LHF 5.300E-001 Loss of Hain Feedvater Flow
RT 1.800E 005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E-001 INITIAL POWER LESS THAN 40K
OHG 5.000E-001 OA TO TRIP HG SETS
AFW 8.960E-002 2/2 MOPs & TDP TO 4/4 SGs FAIL- 5 HRS - ALL SUPPORT

78. 1.481E-007 0.25K 3.769E-005
SGR 2.500E-002 Steam Generator Tube Rupture
AFW 2.510E.003 2/2 HOPs & TDP. 3/3 SGs FAIL- 5 HRS- ALL SUPPORT
HPR 2.530E-003 1/2 CCPs- 1/2 RHR- ALL SUPPORT

80. 1.458E-007 0.25K 3.799E.005
MLO 8.000E-004 Hedium Loss of Coolant Accident
ESF 2.570E-002 EHGIHEERED SAFETY FEATURES TRAIN 8 FAILS (HLO)
LPR 8.040E-003 1/2 RPHPs CLEG REC 1/3 CL- HLO- TR A SUPPORT AVAIL
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81. 1.455E.007 0.25X 3.813E.005
HLO 8.000E-004 Medius Loss of Coolant Accident
ESF 2.570E-002 ENGINEERED SAFETY FEATURES TRAIH A FAILS (MLO)
LPR 8.040E-003 1/2 RPMPs CLEG REC 1/3 CL- MLO- TR 8 SUPPORT AVAIL

83. 1.429E-007 0.24X 3.842E.005
SIS 1.700E.001 SafetY Injection Signal (Inadv)
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGHAL WITH OA) ALL

SUPPOR1'LL

8.610E-001 INITIAL POWER LESS THAN 40X
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 SUPPOR'I AVAIL

85. 1.406E-007 0.24X 3.870E.005
" PMF 1.500E+000 Partial Loss of Hain Feedaater Flo~

RT 1 ~ BODE-005 REACTOR TRIP FAILS (DIVERSE SIGNAL 'WITH OA) ALL SUPPORT
OHG 5.000E-001 OA TO TRIP MG SETS
OCR 5.070E-001 OA TO INSERT CONTROL RODS
OBR 1.550E-001 OA TO ESTABLISH EHERGENCY BORATIOH

90. 1.379E.007 0.23X 3.939E-005
LHF 5.300E-001 Loss of Hain Feedvater FloH
AFW 2.730E-005 2/2 HOPs & TDP- 2/4 SGs FAIL- 5 HRS- ALL SUPPORT
CON 1.000E+000 1/3 COH PMPs-1/4 SGs FAIL-- HO SUPPORT
OAB 1.000E.002 OA TO ESTABLISH BLEED AND FEED COOLING .START SI

91. 1.367E-007 0.23X 3.953E.005
PMF 1.500E+000 Partial Loss of Hain Feedvater Flow
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 HG SETS
OCR 5.070E-001 OA TO IHSERT CONTROL RODS
AFW 6.790E-002 TDP TO 2/4 SGs FAII.S- 5 HRS - ALL SUPPORT
PPR 3.620E-001 PARTIAL AFll AND NO CRI ALL SUPPORT AVAIL

98. 1.215E.007 0.21X 4.041E.005
MLO 8.000E-004 Mediun Loss of Coolant Accident
ESF 2.570E.002 EHGIHEERED SAFETY FEATURES TRAIN A FAILS (MLO)
LPI 6.660E-003 1/2 RPMPs. 2/3 CLEGS HLO TR A SPRY FAILS

100. 1.183E.007 0.20X 4.065E-005
I.OC 3.500E-001 Loss of Condenser
RT 1.800E-005 REACTOR TRIP FAILS (DIVERSE SIGNAL WITH OA) - ALL SUPPORT
PLL 8.610E 001 IHITIAL POWER LESS THAH 40X
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 EHERGEKCY BORATIOH
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