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LEGAL NOTICE

This report was prepared as an account of work performed by Westinghouse Electric Company LLC.
Neither Westinghouse Electric Company LLC, nor any person acting on its behalf:

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

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

COPYRIGHT NOTICE

This report has been prepared by Westinghouse Electric Company LLC and bears a Westinghouse Electric
Company copyright notice. As a member of the PWR Owners Group, you are permitted to copy and
redistribute all or portions of the report within your organization; however all copies made by you must
include the copyright notice in all instances.

DISTRIBUTION NOTICE

This report was prepared for the PWR Owners Group. This Distribution Notice is intended to establish
guidance for access to this information. This report (including proprietary and non-proprietary versions) is
not to be provided to any individual or organization outside of the PWR Owners Group program
participants without prior written approval of the PWR Owners Group Program Management Office.
However, prior written approval is not required for program participants to provide copies of Class 3

Non Proprietary reports to third parties that are supporting implementation at their plant, and for
submittals to the NRC.
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FOREWARD

This document contains Westinghouse Electric Company 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 2.390 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 Company. Should it become necessary to release this information to such persons
as part of the review procedure, please contact Westinghouse Electric Company, 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-17261-NP,
Revision 0).
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PWR Owners Group
Member Participation” for Project/Task PA-LSC-0136
Participant
Utility Member Plant Site(s) Yes No

Ameren UE Callaway (W) X
American Electric Power D.C. Cook 1&2 (W) X
Arizona Public Service Palo Verde Unit 1, 2, & 3 (CE) X
Constellation Energy Group Calvert Cliffs 1 & 2 (CE) X
Constellation Energy Group Ginna (W) X
Dominion Connecticut Millstone 2 (CE) X
Dominion Connecticut Millstone 3 (W) X
Dominion Kewaunee Kewaunee (W) X
Dominion VA North Anna 1 & 2, Surry 1 & 2 (W) X
Duke Energy Catawba 1 & 2, McGuire 1 & 2 (W) X

Duke Energy Oconee 1, 2, 3 (B&W) X
Entergy Palisades (CE) X
Entergy Nuclear Northeast Indian Point 2 & 3 (W) X
Entergy Operations South Arkansas 2, Waterford 3 (CE), Arkansas 1 (B&W) X
Exelon Generation Co. LLC Braidwood 1 & 2, Byron 1 & 2 (W), TMI 1 (B&W) X
FirstEnergy Nuclear Operating Co Beaver Valley 1 & 2 (W), Davis-Besse (B&W) X
Florida Power & Light Group St. Lucie 1 & 2 (CE) X
Florida Power & Light Group Turkey Point 3 & 4, Seabrook (W) X
Florida Power & Light Group Pt. Beach 1 &2 (W) X
Luminant Power Comanche Peak 1 & 2 (W) X
Omaha Public Power District Fort Calhoun (CE) X
Pacific Gas & Electric Diablo Canyon 1 & 2 (W) X
Progress Energy Robinson 2, Shearon Harris (W), Crystal River 3 (B&W) X
PSEG - Nuclear Salem 1 & 2 (W) X
Southern California Edison SONGS 2 & 3 (CE) X
South Carolina Electric & Gas V.C. Summer (W) X
So. Texas Project Nuclear Operating Co. | South Texas Project 1 & 2 (W) X
Southern Nuclear Operating Co. Farley 1 & 2, Vogtle 1 & 2 (W) X
Tennessee Valley Authority Sequoyah 1 & 2 (W) X
Tennessee Valley Authority Watts Bar (W) X
Wolf Creek Nuclear Operating Co. Wolf Creek (W) X
Xcel Energy Prairie Island 1&2 (W) X
Note:

1. Project participants as of the date the final deliverable was completed. On occasion, additional members will join a
project. Please contact the PWR Owners Group Program Management Office to verify participation before sending this
document to participants not listed above.
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PWR Owners Group
International Member Participation” for Project/Task PA-LSC-0136
Participant
Utility Member Plant Site(s) Yes | No
British Energy Sizewell B (W) X
|t Electrabel (Belgian Utilities) Doel 1,2 & 4, Tihange 1 & 3 (W) X

Hokkaido Tomari 1 & 2 (MHI) X

Japan Atomic Power Company Tsuruga 2 (MHI) X

Kansai Electric Co., LTD Mihama 1,2 & 3, Ohi 1, 2, 3 & 4, Takahama 1, 2, X

3 & 4 (W & MHI)
Korea Hydro & Nuclear Power Corp. Kori1,2,3 &4 X
Yonggwang 1 & 2 (W)
Korea Hydro & Nuclear Power Corp. Yonggwang 3,4,5& 6 X
. Ulchin 3, 4, S & 6 (CE)

Kyushu Genkai 1, 2, 3 & 4, Sendai 1 & 2 (MHI) X

Nuklearna Electrarna KRSKO Krsko (W) X

Axpo AG Beznau 1 & 2 (W) X

Ringhals AB Ringhals 2, 3 & 4 (W) X

Shikoku Ikata 1, 2 & 3 (MHI) X

Spanish Utilities Asco 1 & 2, Vandellos 2, X

Almaraz 1 & 2 (W)

Taiwan Power Co. Maanshan 1 & 2 (W) X

Electricite de France 54 Units X

Note:

1. This is a list of participants in this project as of the date the final deliverable was completed. On occasion, additional
members will join a project. Please contact the PWR Owners Group Program Management Office to verify participation
before sending documents to participants not listed above.
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EXECUTIVE SUMMARY

The objective of this program is to develop the technical justification to support adding an Action, for
two inoperable reactor trip signal (RTS) or engineered safety features actuation signal (ESFAS) channels
for those RTS and ESFAS Functions with a two-out-of-four actuation logic. A number of situations have
occurred at various plants that resulted in two channels, for a function with a two-out-of-four logic, being
inoperable. Although none have resulted in a plant shutdown, several resulted in utility requests for
NOED:s and others required the utilities to initiate preparation of a NOED.

Technical Specifications currently provide an Action for one inoperable RTS or ESFAS instrument
channel with a completion time of 72 hours for functions that require one-out-of-two, two-out-of-three, or
two-out-of-four channels for actuation. This Action ensures that the minimum required channels are
available for actuation of the required function. But for RTS and ESFAS functions with two-out-of-four
logic, and with one channel inoperable, the logic is reduced to two-out-of-three and additional redundancy
is maintained. With two channels inoperable, the function can still meet the minimum required channels
for actuation, although the availability of the signal is impacted. Technical Specifications 3.3.1 (RTS
Instrumentation) and 3.3.2 (ESFAS Instrumentation) do not contain an Action for two inoperable channels
for functions with two-out-of-four logic. In this situation Limiting Condition for Operation 3.0.3 must be
entered, which requires a unit shutdown. Shutting the unit down for this situation may not be the
appropriate action, since the impacted function can still be actuated with the remaining two operable
channels.

Generally, three or four channels are used to develop actuation signals. If a parameter is used only for
input to the protection circuits, three channels with a two-out-of-three logic is sufficient to provide the
required reliability and redundancy. If a parameter is used for protection and control functions,

four channels with a two-out-of-four logic are sufficient to provide the required reliability and
redundancy. In the second case, the circuit must be able to withstand both an input failure to the control
system, which may then require the protection function actuation, and a single failure in the other
channels providing the protection function actuation. Additionally, four channels are sometimes used to
improve reliability via additional redundancy. Therefore, the use of four channels to develop an actuation
signal can be due to one of two reasons.

) If the parameter is also used for a control function.
. If additional redundancy is necessary.

This program applies a risk-informed approach that is consistent with the NRC’s guidance for using
probabilistic risk assessment in risk-informed decisions on plant-specific changes to the plant’s current
licensing basis. This guidance is provided in Regulatory Guide 1.174 (“An Approach for Using
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the Licensing
Basis”) and Regulatory Guide 1.177 (“An Approach for Plant-Specific, Risk-Informed

Decisionmaking: Technical Specifications™). The approach addresses, as documented in this report, the
impact on defense-in-depth and the impact on safety margins, as well as an evaluation of the impact on
risk. The risk evaluation considers the impact of the proposed change on core damage frequency (CDF)
and large early release frequency (LERF). Consistent with RG 1.177, the incremental conditional core
damage probability and incremental conditional large early release frequency are also assessed. A generic
internal event PRA model for a plant with a Westinghouse Nuclear Steam Supply System is used to assess
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the CDF and LERF metrics. External events are addressed on a qualitative basis. Monitoring requirements
to ensure the plant is operated consistent with the analysis assumptions are also provided.

The following summarizes the results:
. The proposed change is consistent with or does not impact the current regulatory requirements.

) The proposed change is consistent with the defense-in-depth plant design philosophy and safety
margins are not impacted.

. The proposed change is consistent with the single failure criterion by establishing a finite period
of time the plant is allowed to operate in this configuration.

. The impact of the proposed change on plant risk for the applicable RTS and ESFAS functions was
evaluated using a representative PRA model for a 24 hour CT. The assessment demonstrated that
the proposed change has an acceptably small impact on CDF and LERF. In addition, the ICCDP
and ICLERP values meet their acceptance criteria.

. Monttoring requirements have been identified to ensure that plants that implement this change are
operated consistent with the analysis supporting this proposed change.

. The results of this analysis are applicable to all Westinghouse NSSS plants.
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1 INTRODUCTION AND BACKGROUND

The objective of this program is to develop the technical justification to support adding an Action, for
two inoperable reactor trip signal (RTS) or engineered safety features actuation signal (ESFAS) channels
for those RTS and ESFAS Functions with a two-out-of-four actuation logic.

The Pressurized Water Reactor Owners Group (PWROG) has sponsored several programs documented in
WCAP-10271 with Supplements 1 and 2, WCAP-14333 (TSTF-418), and WCAP-15376 (TSTF-411)
directed at improving various Completion Times (CTs), bypass test times, and surveillance test intervals
(STIs) contained in Technical Specification (TS) 3.3.1 (RTS Instrumentation) and 3.3.2 (ESFAS
Instrumentation) (References 1-5). The U.S. Nuclear Regulatory Commission (NRC) has reviewed and
approved these TS changes, and a number of utilities have already, or will in the future, implement the
approved changes. These TS changes provide additional time to complete surveillance testing in bypass
and maintenance activities with the channels inoperable, and also extend the surveillance frequencies.

Implementation of the WCAP-14333 changes allow a single RTS or ESFAS instrument channel to be
inoperable for up to 72 hours for functions with one-out-of-two, two-out-of-three, or two-out-of-four
channels for actuation. This Action ensures that the minimum required channels are available for
actuation of the required function. But for RTS and ESFAS functions with two-out-of-four logic, and with
one channel inoperable, the logic is reduced to two-out-of-three and additional redundancy is maintained.
With two channels inoperable, the function can still meet the minimum required channels for actuation,
although the availability of the signal is impacted. TS 3.3.1 and 3.3.2 do not contain an Action for

two inoperable channels for functions with two-out-of-four logic. In this situation Limiting Condition for
Operation (LCO) 3.0.3 must be entered, which requires a unit shutdown. Shutting the unit down for this
situation may not be the appropriate action, since the impacted function can still be actuated with the
remaining two operable channels.

Generally, three or four channels are used to develop actuation signals. If a parameter is used only for
input to the protection circuits, three channels with a two-out-of-three logic is sufficient to provide the
required reliability and redundancy. If a parameter is used for protection and control functions,

four channels with a two-out-of-four logic are sufficient to provide the required reliability and
redundancy. In the second case, the circuit must be able to withstand both an input failure to the control
system, which may then require the protection function actuation, and a single failure in the other
channels providing the protection function actuation. Additionally, four channels are sometimes used to
improve reliability via additional redundancy. Therefore, the use of four channels to develop an actuation
signal can be due to one of two reasons:

. If the parameter is also used for a control function.
. If additional redundancy is necessary.

This program applies a risk-informed (RI) approach that is consistent with the NRC’s guidance for using
probabilistic risk assessment (PRA) in RI decisions on plant-specific changes to the plant’s current
licensing basis. This guidance is provided in Regulatory Guide (RG) 1.174 (“An Approach for Using
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the Licensing
Basis™) and RG 1.177 (“An Approach for Plant-Specific, Risk-Informed Decisionmaking: Technical
Specifications™) (References 6 and 7). The approach addresses, as documented in this report, the impact
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on defense-in-depth and the impact on safety margins, as well as an evaluation of the impact on risk. The
risk evaluation considers the impact of the proposed change on core damage frequency (CDF) and large
carly release frequency (LERF). Consistent with RG 1.177, the incremental conditional core damage
probability (ICCDP) and incremental conditional large early release probability (ICLERP) are also
assessed. A generic internal event PRA model for a plant with a Westinghouse Nuclear Steam Supply
System (NSSS) is used to assess the CDF and LERF metrics. External events are addressed on a
qualitative basis. Monitoring requirements to ensure the plant is operated consistent with the analysis
assumptions are also provided.
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2  REGULATORY EVALUATION
2.1 DESIGN BASIS REQUIREMENTS AND IMPACT

The following subsections discuss the RTS and ESFAS design basis requirements and the impact of the
proposed changes on the design basis. Also discussed are previous programs directed at changes to the
CTs for the analog channels. '

2.1.1 RTS and ESFAS Design Basis Requirements

The following information is taken from NUREG-1431, “Standard Technical Speciﬁcatidns,
Westinghouse Plants, Bases” (Reference 8).

2.1.1.1 Reactor Trip System

The RTS initiates a unit shutdown, based on the values of selected unit parameters, to protect against
violating the core fuel design limits and reactor coolant system (RCS) pressure boundary during
anticipated operational occurrences (AOOs) and to assist the engineered safety feature system in
mitigating accidents.

The protection and monitoring systems have been designed to assure safe operation of the reactor. This is
achieved by specifying limiting safety system settings in terms of parameters directly monitored by the
RTS, as well as specifying LCOs on other reactor system parameters and equipment performance.

During AOOs, which are those events expected to occur one or more times during the unit life, the
acceptable limits are:

1. The departure from nucleate boiling ratio shall be maintained above the safety limit value to
prevent departure from nucleate boiling.

2. Fuel centerline melt shall not occur.
3. The RCS pressure safety limit of 2750 psia shall not be exceeded.

Operation within the safety limits of Technical Specification 2.0 “Safety Limits (SLs)” also maintains the
above values and assures that offsite dose be within the 10 CFR 50 and 10 CFR 100 criteria during AOOs.

Accidents are events that are analyzed even though they are not expected to occur during the unit life. The
acceptable limit during accidents is that offsite dose shall be maintained within an acceptable fraction of
10 CFR 100 limits. Different accident categories are allowed a different fraction of these limits, based on
probability of occurrence. Meeting the acceptable dose limit for an accident category is considered having
acceptable consequences for that event. '
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The RTS instrumentation is segmented into four distinct, but interconnected modules as discussed in the
following:

1. Field transmitters or process sensors: provides a measurable electronic signal based on the
physical characteristics of the parameter being measured.

2. Signal process control and protection system, including analog protection system, nuclear
instrumentation system (NIS), field contacts, and protection channel sets: provides signal
conditioning, bistable setpoint comparison, process algorithm actuation, compatible electrical
signal output to protection system devices, and control board/control room/miscellaneous
indications. ' '

3. Solid state protection system (SSPS) including input, logic, and output bays: initiates proper unit
shutdown and/or engineered safety features actuation in accordance with the defined logic, which
is based on the bistable outputs from the signal process control and protection system.

4. Reactor trip switchgear, including reactor trip breakers (RTB) and bypass breakers: provides the
means to interrupt power to the control rod drive mechanisms and allows the rod cluster control
assemblies, or “rods,” to fall into the core and shut down the reactor. The bypass breakers allow
testing of the RTBs at power.

Applicable Safety Analysis, LCO, and Applicability

The RTS functions to maintain the safety limits during all AOOs and mitigates the consequences of
design basis accidents in all modes in which the rod control system is capable of rod withdrawal or one or
more rods are not fully inserted.

Each of the analyzed accidents and transients can be detected by one or more RTS functions. The accident
analysis takes credit of most RTS trip functions. RTS trip functions not specifically credited in the
accident analysis are qualitatively credited in the safety analysis and the NRC staff approved licensing
basis of the unit. These RTS trip functions may provide protection for conditions that do not require
dynamic transient analysis to demonstrate function performance. They may also serve as backups to RTS
trip functions that were credited in the accident analysis.

The LCO requires all instrumentation performing an RTS function, listed in Table 3.3.1-1 of Reference 9

" in the accompanying LCO, to be OPERABLE. The LCO generally requires OPERABILITY of four or
three channels in each instrumentation function, two channels of manual reactor trip in each logic
function, and two trains in each automatic trip logic function. Four OPERABLE instrumentation channels
in a two-out-of-four configuration are required when one RTS channel is also used as a control system
input. This configuration accounts for the possibility of the shared channel failing in such a manner that it
creates a transient that requires RTS action. In this case, the RTS will still provide protection, even with
random failure of one of the other three protection channels. Three OPERABLE instrumentation channels
in a two-out-of-three configuration are generally required when there is no potential for control system
and protection system interaction that could simultaneously create a need for an RTS trip and disable

one RTS channel. The two-out-of-three and two-out-of-four configurations allow one channel to be
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tripped during maintenance for testing without causing a reactor trip. Specific exceptions to the above
general philosophy exist and are discussed in NUREG-1431.

Actions
The Actions of interest are related to Conditions D, E, and K, and LCO 3.0.3.

Condition D applies to the Power Range Neutron Flux — High Function. The NIS power range detectors
provide input to the Rod Control System and the SG Water Level Control System and, therefore, have a
two-out-of-four trip logic. A known inoperable channel must be placed in the tripped condition. This
results in a partial trip condition requiring only one-out-of-three logic for actuation. The 72 hours allowed
to place the inoperable channel in the tnpped condition is justified in Reference 4.

Condition E applies to the following reactor trip Functions:

. Power Range Neutron Flux — Low

Overtemperature AT

Overpower AT

Power Range Neutron Flux — High Positive Rate

Power Range Neutron Flux — High Negative Rate

Pressurizer Pressure — High

SG Water Level — Low Low

SG Water Level — Low coincident with Steam Flow/Feedwater Flow Mismatch

A known inoperable channel must be placed in the tripped condition within 72 hours. Placing the channel
in the tripped condition results in a partial trip condition requiring only one-out-of-two logic for actuation
of the two-out-of-three trips and one-out-of-three logic for actuation of the two-out-of-four trips. The

72 hours allowed to place the inoperable channel in the tripped condition is justified in Reference 4.

Condition K applies to the following reactor trip Functions:

. Pressurizer Pressure — Low

) Pressurizer Water Level — High
. Reactor Coolant Flow — Low

. Undervoltage RCPs

. Underfrequency RCPs

With one channel inoperable, the inoperable channel must be placed in the tripped condition within

72 hours (Reference 4). For the Pressurizer Pressure — Low, Pressurizer Water Level — High,
Undervoltage RCPs, and Underfrequency RCPs trip Functions, placing the channel in the tripped
condition when above the P-7 setpoint results in a partial trip condition requiring only one additional
channel to initiate a reactor trip. For the Reactor Coolant Flow — Low trip Function, placing the channel in
the tripped condition when above the P-8 setpoint results in a partial trip condition requiring only

one additional channel in the same loop to initiate a reactor trip. The 72 hours allowed to place the
channel in the tripped condition is justified in Reference 4. '
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Conditions D, E, and K only address the condition of one inoperable channel. If two channels are
inoperable, LCO 3.0.3 must be entered, since an Action is not provided for this condition, and the unit
must be shut down.

Surveillance Requirements

The Technical Specification Surveillance Requirements for the RTS are not impacted by the changes
proposed in this program; therefore, they are not discussed.

2.1.1.2 Engineered Safety Features Actuation System

The ESFAS initiates necessary safety systems, based on the values of selected unit parameters, to protect
against violating core design limits and the RCS pressure boundary, and to mitigate accidents. The ESFAS
instrumentation is segmented into three distinct but interconnected modules as discussed in the following:

I. Field transmitters or process sensors and instrumentation: provide a measurable electronic signal
based on the physical characteristics of the parameter being measured.

2. Signal processing equipment including analog protection system, field contacts, and protection
channel sets: provide signal conditioning, bistable setpoint comparison, process algorithm
actuation, compatible electrical signal output to protection system devices, and control
board/control room/miscellaneous indications.

3. Solid State Protection System (SSPS) including input, logic, and output bays: initiates the proper
unit shutdown or engineered safety feature (ESF) actuation in accordance with the defined logic
and based on the bistable outputs from the signal process control and protection system.

Applicable Safety Analyses, LCO, and Applicability

Each of the analyzed accidents can be detected by one or more ESFAS functions. One of the ESFAS
functions is the primary actuation signal for that accident. An ESFAS function may be the primary
actuation signal for more than one type of accident. An ESFAS function may also be a secondary, or
backup, actuation signal for one or more other accidents. For example, pressurizer pressure — low is a
primary actuation signal for small loss of coolant accidents (LOCAs) and a backup actuation signal for
steam line breaks (SLBs) outside containment. Functions such as manual initiation, not specifically
credited in the accident safety analysis, are qualitatively credited in the safety analysis and the NRC staff
approved licensing basis for the unit. These functions may provide protection for conditions that do not
require dynamic transient analysis to demonstrate function performance. These functions may also serve
as backups to functions that were credited in the accident analysis.

This LCO requires all instrumentation performing an ESFAS function to be OPERABLE. The LCO
generally requires OPERABILITY of four or three channels in each instrumentation function and
two channels in each logic and manual initiation function. The two-out-of-three and

two-out-of-four configurations allow one channel to be tripped during maintenance or testing without
causing an ESFAS initiation. Two logic or manual initiation channels are required to ensure no

single random failure disables the ESFAS.
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The required channels of ESFAS instrumentation provide unit protection in the event of any 6f the
analyzed accidents. The ESFAS protection functions are:

Safety Injection

Containment Spray

Containment Isolation

Steam Line Isolation

Turbine Trip and Feedwater Isolation
Auxiliary Feedwater

Automatic Switchover to Containment Sump
ESFAS Interlocks

e 5 & S & S O

Each protection function includes automatic actuation logic and actuation relays. The automatic actuation
logic and actuation relays consist of all circuitry included in the actuation subsystems, including the
initiating relay contacts responsible for actuating the engineered safety feature equipment. Also included
are the master relays and slave relays. This LCO requires two trains to be OPERABLE.

-

Actions
The Actions of interest are related to Conditions D, E, and K, and LCO 3.0.3.
Condition D applies to:

Containment Pressure — High 1

Pressurizer Pressure — Low (two, three, and four loop units)

Steam Line Pressure — Low

Steam Line Differential Pressure — High

High Steam Flow in Two Steam Lines Coincident With Tavg — Low Low or Coincident With
Steam Line Pressure — Low

Containment Pressure — High 2

Steam Line Pressure — Negative Rate — High

High Steam Flow Coincident With Safety Injection Coincident With Tavg — Low Low
High High Steam Flow Coincident With Safety Injection

High Steam Flow in Two Steam Lines Coincident With Tavg — Low Low

SG Water Level — Low Low (two, three, and four loop units)

SG Water Level — High High (P-14) (two, three, and four loop units).

L] e & S 8 o

T & & & 9 s

If one channel is inoperable, 72 hours are allowed to restore the channel to OPERABLE status or to place
it in the tripped condition. Generally this Condition applies to functions that operate on

two-out-of-three logic. Therefore, failure of one channel places the Function in a

two-out-of-two configuration. One channel must be tripped to place the Function in a

one-out-of-two configuration that satisfies redundancy requirements. The 72 hours allowed to restore the
channel to OPERABLE status or to place it in the tripped condition is justified in Reference 4.
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Condition E applies to:

. Containment Spray Containment Pressure — High 3 (High, High) (two, three, and four loop units)
. Containment Phase B Isolation Containment Pressure — High 3 (High, High)

None of these signals have input to a control function. Thus, two-out-of-three logic is necessary to meet
acceptable protective requirements. However, a two-out-of-three design would require tripping a failed
channel. This is undesirable because a single failure would then cause spurious containment spray
initiation. Spurious spray actuation is undesirable because of the cleanup problems presented. Therefore,
these channels are designed with two-out-of-four logic so that a failed channel may be bypassed rather
than tripped. Note that one channel may be bypassed and still satisfy the single failure criterion.
Furthermore, with one channel bypassed, a single instrumentation channel failure will not spuriously
initiate containment spray. To avoid the inadvertent actuation of containment spray and Phase B
containment isolation, the inoperable channel should not be placed in the tripped condition. Instead it is
bypassed. Restoring the channel to OPERABLE status, or placing the inoperable channel in the bypass
condition within 72 hours, is sufficient to assure that the Function remains OPERABLE and minimizes
the time that the Function may be in a partial trip condition (assuming the inoperable channel has failed
high).

Condition K applies to:
) RWST Level - Low Low Coincident with Safety Injection
. RWST Level -~ Low Low Coincident with Safety Injection and Coincident with Containment

Sump Level — High.

RWST Level — Low Low Coincident With SI and Coincident With Containment Sump Level - High
provides actuation of switchover to the containment sump. Note that this Function requires the bistables
to energize to perform their required action. The failure of up to two channels will not prevent the
operation of this Function. However, placing a failed channel in the tripped condition could resuit in a
premature switchover to the sump, prior to the injection of the minimum volume from the RWST. Placing
the inoperable channel in bypass results in a two-out-of-three logic configuration, which satisfies the
requirement to allow another failure without disabling actuation of the switchover when required.
Restoring the channel to OPERABLE status or placing the inoperable channel in the bypass condition
within [6] hours is sufficient to ensure that the Function remains OPERABLE, and minimizes the time
that the Function may be in a partial trip condition (assuming the inoperable channel has failed high).

Conditions D, E, and K only address the condition of one inoperable channel. If two channels are
inoperable, LCO 3.0.3 must be entered, since an Action is not provided for this condition, and the unit
must be shut down.

Surveillance Requirements

The Technical Specification Surveillance Requirements for the RTS are not impacted by the changes
proposed in this program; therefore, they are not discussed.
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2.1.2 Previous Applicable Programs

The PWROG has successfully completed several programs directed at extending the CTs, bypass test
times, and STIs for the RPS (RTS and ESFAS) that are specified in the TSs for Westinghouse NSSS
plants. These programs and the changes associated with the analog channels are:

. WCAP-10271 with Supplements 1 and 2 (References 1-3) — Increased the CT to 6 hours, the
bypass test time to 4 hours, and the channel operability STI to 3 months.

. WCAP-14333 (Reference 4) — Increased the CT to 72 hours and the bypass test time to 12 hours.
. WCAP;I 5376 (Reference 5) — Increased the channel operability STI to 6 months.

A number of Westinghouse .NSSS plants have implemented these changes.

2.1.3 Impact of Proposed Changes on the Design Basis

The design basis for the reactor protection system (RPS), specifically for the analog channels, was
discussed in subsection 2.1.1. TS Actions are provided for a single channel inoperable. If two channels are
inoperable, then LCO 3.0.3 must be entered since there is no Action for this condition. This current
program provides the justification for adding an Action and CT for two inoperable RTS or ESFAS
channels for those RTS and ESFAS Functions with two-out-of-four logic.

2.2 APPLICABLE REGULATORY REQUIREMENTS

As discussed in subsection 2.1.2, the PWROG completed a number of studies to improve the Technical
Specifications for Westinghouse NSSS plants related to the RPS. These studies examined improvements
to STIs, CTs, and bypass test times on the analog channels, logic cabinets, master relays, slave relays, and
RTBs. The results of these studies are documented in WCAP-10271-P-A; WCAP-10271, Supplement 1-
P-A; WCAP-10271-P-A, Supplement 2, Rev. 1; WCAP-14333-P-A, Rev. 1; and WCAP-15376-P-A, Rev.
1. The NRC approved these WCAPs and the requested changes. The benefits of these changes were
related to reduced plant transients, component wear, and unnecessary burden on plant personnel.

The applicable regulations related to the changes proposed in this topical report include:

. ~ 10 CFR 50.36, Technical Specifications. This regulation requires that all operating licenses for
nuclear reactors include Technical Specifications. The regulation states that Technical
Specifications need to be included for specific categories. The category applicable to this study is
limiting conditions for operation. The regulation states:

Limiting conditions for operation.

(i) Limiting conditions for operation are the lowest functional capability or performance levels of
equipment required for safe operation of the facility. When a limiting condition for operation of a
nuclear reactor is not met, the licensee shall shut down the reactor or follow any remedial action
permitted by the technical specifications until the condition can be met.
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(ii) A technical specification limiting condition for operation of a nuclear reactor must be
established for each item meeting one or more of the following criteria:

(A) Criterion 1. Installed instrumentation that is used to detect, and indicate in the control
room, a significant abnormal degradation of the reactor coolant pressure boundary.

(B) Criterion 2. A process variable, design feature, or operating restriction that is an initial
condition of a design basis accident or transient analysis that either assumes the failure of
or presents a challenge to the integrity of a fission product barrier.

(C) Criterion 3. A structure, system, or component that is part of the primary success path
and which functions or actuates to mitigate a design basis accident or transient that either
assumes the failure of or presents a challenge to the integrity of a fission product barrier.

(D) Criterion 4. A structure, system, or component which operating experience or
probabilistic risk assessment has shown to be significant to public health and safety.

(iii) A licensee is not required to propose to modify technical specifications that are included in
any license issued before August 18, 1995, to satisfy the criteria in paragraph (c)(2)(ii) of this
section,

10 CFR 50.36 does not specify the TS Actions or CTs. Actions are included to address when the
LCO is not met. The proposed changes are consistent with this regulation.

10 CFR 50.55a, Codes and standards, h) Protection and safety systems, (2) Protection systems.

For nuclear power plants with construction permits issued after January 1, 1971, but before

May 13, 1999, protection systems must meet the requirements stated in either IEEE Std. 279,
“Criteria for Protection Systems for Nuclear Power Generating Stations,” or in IEEE

Std. 603-1991, “Criteria for Safety Systems for Nuclear Power Generating Stations,” and the
correction sheet dated January 30, 1995. For nuclear power plants with construction permits
issued before January 1, 1971, protection systems must be consistent with their licensing basis or
may meet the requirements of IEEE Std. 603-1991 and the correction sheet dated

January 30, 1995. '

IEEE Std. 279 provides criteria that establish minimum requirements for the safety-related
functional performance and reliability of protection systems for stationary, land-based nuclear
-reactors producing steam for electric power generation. Section 4.2 provides the single failure
criterion as “Any single failure within the protection system shall not prevent proper protective
action at the system level when required.” IEEE-603 establishes minimum functional design
criteria for the power, instrumentation, and control portions of nuclear power generating station
safety systems. Section 5.1 “Single-Failure Criterion,” states: “The safety systems shall perform
all safety functions required for a design basis event in the presence of: (1) any single detectable
failure within the safety systems concurrent with all identifiable but non-detectable failures;

(2) all failures caused by the single failure; and (3) all failures and spurious system actions that
cause or are caused by the design basis event requiring the safety functions.” The inoperability of
two channels in a two-out-of-four configuration does not conflict with the single failure criterion
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in [EEE Std. 279 or IEEE Std. 603 since they are a design requirement which is not being
changed.

Therefore, the addition of an Action for two inoperable channels for functions with
two-out-of-four actuation logic, does not impact the single failure design criterion.

10 CFR 50.65, Requirement for monitoring the effectiveness of maintenance at nuclear
power plants. This regulation, as related to the proposed changes, requires the assessment and
management of the increase in risk that may result from the proposed maintenance activity. The
proposed changes are related to allowing two channels of specific RTS or ESFAS functions to be
inoperable for a limited period of time while at-power. The assessment and management of risk
associated with this change will be addressed consistent with 10 CFR 50.65. Therefore, the
proposed changes are consistent with this regulation.

General Design Criterion 13 — Instrumentation and control. This criterion states
“Instrumentation shall be provided to monitor variables and systems over their anticipated ranges
for normal operation, for anticipated operational occurrences, and for accident conditions as
appropriate to assure adequate safety, including those variables and systems that can affect the
fission process, the integrity of the reactor core, the reactor coolant pressure boundary, and the
containment and its associated systems. Appropriate controls shall be provided to maintain these
variables and systems within prescribed operating ranges.” The proposed changes do not impact
this criterion, since the design of the RPS is not being changed.

General Design Criterion 20 — Protection system functions. This criterion states “The
protection system shall be designed (1) to initiate automatically the operation of appropriate
systems including the reactivity control systems, to assure that specified acceptable fuel design
limits are not exceeded as a result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important to safety.” The
proposed changes do not impact the protection functions since the design of the RPS is not being
changed.
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. General Design Criterion 21 — Protection system reliability and testability. This criterion
states “The protection system shall be designed for high functional reliability and inservice
testability commensurate with the safety functions to be performed. Redundancy and
independence designed into the protection system shall be sufficient to assure that (1) no single
failure results in loss of the protection function and (2) removal from service of any component or
channel does not result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise demonstrated. The protection
system shall be designed to permit periodic testing of its functioning when the reactor is in
operation, including a capability to test channels independently to determine failures and losses of
redundancy that may have occurred.” The proposed changes do not impact the reliability or
testability of the RPS. The proposed change to allow two channels inoperable simultaneously is
limited to functions with two-out-of-four logic, therefore, the protection function is maintained.
The reliability of the impacted signals will be maintained by limiting the frequency of
two channels inoperable and limiting the time it is acceptable to remain in this condition.

. General Design Criterion 22 — Protection system independence. This criterion states “The
protection system shall be designed to assure that the effects of natural phenomena, and of normal
operating, maintenance, testing, and postulated accident conditions on redundant channels do not
result in loss of the protection function, or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity or diversity in component design
and principles of operation, shall be used to the extent practical to prevent loss of the protection
function.” The proposed changes do not impact the RPS system independence.

. General Design Criterion 23 — Protection system failure modes. This criterion states “The
protection system shall be designed to fail into a safe state or into a state demonstrated to be
acceptable on some other defined basis if conditions such as disconnection of the system, loss of
energy (e.g., electric power, instrument air), or postulated adverse environments (e.g., extreme
heat or cold, fire, pressure, steam, water, and radiation) are experienced.” The proposed changes
do not impact the failure modes of the RPS or the failed state on loss of energy or the failed state
from adverse environments, since the design is not being changed.

. General Design Criterion 24 — Separation of protection and control systems. The criterion
states “The protection system shall be separated from control systems to the extent that failure of
any single control system component or channel, or failure or removal from service of any
single protection system component or channel which is common to the control and protection
systems leaves intact a system satisfying all reliability, redundancy, and independence
requirements of the protection system. Interconnection of the protection and control systems shall
be limited so as to assure that safety is not significantly impaired.” The proposed changes do not
impact the separation between protection and control functions, since the design is not being
changed.
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2.3

General Design Criterion 25 — Protection system requirements for reactivity control
malfunctions. The criterion states “The protection system shall be designed to assure that
specified acceptable fuel design limits are not exceeded for any single malfunction of the
reactivity control systems, such as accidental withdrawal (not ejection or dropout) of control
rods.” The proposed changes do not impact malfunctions of the RPS that could lead to specified
acceptable fuel design limits being exceeded, since the design is not being changed.

General Design Criterion 29 — Protection against anticipated operational occurrences. The
criterion states “The protection and reactivity control systems shall be designed to assure an
extremely high probability of accomplishing their safety functions in the event of anticipated
operational occurrences.” With the proposed changes the design of the RPS is not altered and the
RPS maintains a high probability of accomplishing its safety function. Reactivity control systems
are not impacted by the proposed changes.

Applicable Regulatory Guidance — NRC Generic Letter 80-30 states “The NRC’s Standard
Technical Specifications (STS) were formulated to preserve the single failure criterion for
systems that are relied upon in the safety analysis report. By and large, the single failure criterion
is preserved by specifying Limiting Conditions for Operation (LCOs) that require all redundant
components of safety related systems to be OPERABLE. When the required redundancy is not
maintained, either due to equipment failure or maintenance outage, action is required, within a
specified time, to change the operating mode of the plant to place it in a safe condition. The
specified time to take action, usually called the equipment out of service time, is a temporary
relaxation of the single failure criterion, which, consistent with overall system reliability
considerations, provides a limited time to fix equipment or otherwise make it OPERABLE. If
equipment can be returned to OPERABLE status within the specified time, plant shutdown is not
required.”

APPLICABLE REGULATORY CRITERIA AND GUIDELINES

The guidance for evaluating the technical basis of proposed risk-informed changes is provided in
Chapters 16.1 (Reference 10) and 19.2 (Reference 11) of the NRC’s Standard Review Plant. Chapter 19.2
“Review of Risk Information used to Support Permanent Plant-Specific Changes to the Licensing Basis:
General Guidance” provides the general guidance requirements and Chapter 16.1 “Risk-Informed
Decisionmaking: Technical Specifications” provides the guidance for CT changes.
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The applicable regulatory criteria and guidelines are provided in Regulatory Guides 1.174 and 1.177. The
following key principles are required to be met:

. The proposed change meets the current regulations unless it is explicitly related to a requested
exemption or rule change.

o The proposed change is consistent with the defense-in-depth philosophy.
o The proposed change maintains sufficient safety margins.
. When proposed changes result in an increase in CDF or risk, the increases should be small and

consistent with the intent of the Commission’s Safety Goal Policy Statement.

. The impact of the proposed change should be monitored using performance measurement
strategies.

Each of these key principles need to be considered in an integrated fashion in the decision making
process. These Regulatory Guides also define a four-element approach to integrated decision making for
changes to Technical Specifications. These four elements are:

. Define the proposed change

. Perform engineering analysis

. Define implementation and monitoring program .
. Submit proposed change

The evaluation of the changes proposed in this topical report has been completed consistent with these
elements and principles.

Regulatory Guide 1.174 provides the acceptance criteria based on CDF and LERF. This is dependent on
the total plant CDF and LERF. Regulatory Guide 1.177 discusses a three-tiered approach for the
evaluation of the risk impact. Tier 1 assesses the plant risk associated with the proposed changes in terms
of the change in CDF and LERF, and in the calculation of ICCDP and ICLERP. Tier 2 requires the
licensee to provide reasonable assurance that risk-significant plant equipment outage configurations will
not occur when specific plant equipment is out of service consistent with the proposed change. Tier 3
requires the licensee to develop a program that ensures the risk impact of out of service equipment is
appropriately evaluated prior to performing any maintenance activity. Since the proposed change is
related to developing TS Actions with CTs, the Tier 1, 2, and 3 requirements are applicable.
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3 TECHNICAL EVALUATION

This section discusses the proposed Technical Specification changes and the need for the change, provides
an assessment of the impact of the proposed change on defense-in-depth and safety margins, presents a
description of the RPS, and provides a detailed discussion of the analysis and results, The analysis and
results are provided primarily for the risk analysis with some discussion related to the fault trees and
modeling of the analog channels of interest.

3.1 TECHNICAL SPECIFICATIONS
3.1.1 Applicable Technical Specifications

The following Technical Specifications are applicable to RTS and ESFAS instrumentation for functions
with two-out-of-four logic.

LCO 3.3.1: The RTS instrumentation for each Function in Table 3.3.1-1 of the TS shall be OPERABLE

. Condition D: One Power Range Neutron Flux — High channel inoperable
Required Action D.1.1: Place channel in trip
Completion Time: 72 hours

. Condition E: One channel inoperable
Required Action E.1: Place channel in trip
Completion Time: 72 hours

. Condition K: One channel inoperable
Required Action K.1: Place channel in trip
Completion Time: 72 hours

LCO 3.3.2: The ESFAS instrumentation for each Function in Table 3.3.2-1 of the TS shall be
OPERABLE

. Condition D: One channel inoperable
Required Action D.1: Place channel in trip
Completion Time: 72 hours '

. Condition E: One Contatnment Pressure channel inoperable
Required Action E.1: Place channel in bypass
Completion Time: 72 hours

. Condition K: One channel inoperable
Required Action K.1: Place channel in bypass
Completion Time: 72 [6] hours

Currently, with two channels inoperable, in a two-out-of-four channel actuation logic configuration,
LCO 3.0.3 must be entered and a unit shutdown is required. '
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The specific functions included in this program are listed in Table 3-1.

Table 3-1 Summary of RTS and ESFAS Signals with Four Channels

LCO Function
3.3.1 Reactor Trip System 2a Power Range Neutron Flux — High
331 Reactor Trip System 2b Power Range Neutron Flux - Low
33.1 Reactor Trip System 3a Power Range Neutron Flux Rate — High Positive rate
3.3.1 Reactor Trip System 3b Power Range Neutron Flux Rate — High Negative rate
3.3.1 Reactor Trip System 6 Overtemperature AT
3.3.1 | Reactor Trip System 7 Overpower AT
33.1 Reactor Trip System . 8.a Pressurizer Pressure — Low
3.3.1 Reactor Trip System 8b Pressurizer Pressure — High
33.1 Reactor Trip System 14 SG Water Level — Low Low
3.3.2 Safety Injection 1d Pressurizer Pressure — Low
3.3.2 | Containment Spray 2.c Containment Pressure — High 3 (High High)

3.3.2 | Containment Isolation - Phase B 3.b(3) | Containment Pressure — High 3 (High High)

3.3.2 | Steamline Isolation 4.c Containment Pressure — High 2

3.3.2 | Turbine Trip and Feedwater 5b SG Water Level — High High .
Isolation

332 Auxiliary Feedwater 6.c -SG Water Level — Low Low

3.3.2 | Automatic Switchover to 7.b RWST Level - Low Low Coincident with SI
Containment Sump

3.3.2 | Automatic Switchover to 7.c RWST Level — Low Low Coincident with SI and
Containment Sump Coincident with Containment Sump Level ~ High

3.1.2 Need for Proposed Technical Specification Change

The need for the proposed chahge is to avoid entering LCO 3.0.3 and the ensuing mode changes,
requesting Notice of Enforcement Discretions (NOED), and preparation of emergency license amendment
requests. A number of these occurrences are discussed in the following paragraphs (Reference 12).

On July 23, 1998, lightning disabled two refueling water storage tank (RWST) level channels at a
Westinghouse NSSS unit. Troubleshooting determined that the RWST level transmitters could not be
calibrated, and needed to be replaced. The licensee requested 48 hours to replace one RWST level
transmitter that was damaged by lightning. An NOED was granted on July 23, 1998. One RWST level
channel was restored to operable status in less than the 48 hours requested, therefore LCO 3.0.3 was
exited.
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On January 24, 2003, two RWST level channels at a Westinghouse NSSS unit were declared inoperable
due to indicating a high level. The apparent cause was frozen sensing lines due to the loss of the
associated instrument box heaters during freezing weather. The licensee requested 48 hours to restore or
replace at least one of the two inoperable RWST level channels to operable status. An NOED was granted
on January 24, 2003. Subsequent to granting the NOED, one RWST level channel was restored to
operable status, and LCO 3.0.3 was exited. :

On August 16, 2003, lightning caused two RWST level channels to fail high at a Westinghouse NSSS
unit. LCO 3.0.3 was entered and power was reduced to 82 percent of rated thermal power. The licensee
requested 48 hours to restore one RWST level channel to operable status. An NOED was granted on
August 16, 2003. One RWST level channel was restored to operable status prior to the 7 hours required to
be in Mode 3, therefore LCO 3.0.3 was exited, and the NOED was not utilized.

One Westinghouse NSSS unit prepared an emergency License Amendment Request (LAR) because the
Technical Specifications did not contain a Condition for two inoperable containment pressure channels,
but did not submit the LAR as discussed below.

On September 16, 2004, a containment pressure sensor demonstrated erratic behavior and was declared
inoperable. One of the troubleshooting activities determined that the strain gage, which is connected to
the outer bellows of the pressure sensor was the cause of the problem. The bellows and strain gage could
not be repaired and had to be replaced as a unit. TIG welding was required to replace this unit. The
containment pressure transmitters are sensitive to welding in the vicinity of the transmitters, and electrical
noise in the operable transmitters could result in spurious actuation of various ESFAS functions actuated
by the containment pressure transmitters. Therefore a LAR was prepared that would allow only one
containment pressure transmitter to be operable for up to 1 hour for four different periods of time to allow
replacement of the bellows and strain gage of the sensor. Another troubleshooting activity was evaluating
the electronics associated with the channels. The electronics associated with the two channels were
replaced, and the channels were restored to operable status, and therefore this LAR was not submitted.

One Westinghouse NSSS unit entered LCO 3.0.3 because the Technical Specifications did not contain a
Condition for two inoperable RWST level channels. An NOED was being prepared, but was not requested
as discussed below.

On January 24, 2003, two RWST level channels at a Westinghouse NSSS unit were declared inoperable
due to indicating a high level. The apparent cause was frozen sensing lines during freezing weather. An
NOED was being prepared because two RWST level channels were restored to operable status prior to the
7 hours required to be in Mode 3, therefore LCO 3.0.3 was exited.

One Westinghouse NSSS unit entered LCO 3.0.3 because the Technical Specifications did not contain a
Condition for two inoperable underfrequency reactor coolant pump (RCP) RTS channels. The details of
the LCO 3.0.3 entries are discussed below.

On November 15, 2007, two planned entries into LCO 3.0.3 were made to perform corrective
maintenance repairs to a potential transformer in a 12 KV bus “E” RCP undervoltage relay that had failed
on October 28, 2007. After the failure of the potential transformer on October 28, 2007, the RCP 1-3,
Bus “E,” 12 KV undervoltage relay tripped, resulting in an increased trip risk (a trip of one of the
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two undervoltage relays on the other bus would satisfy the reactor trip system logic of 1/2 relays on

2/2 busses). The licensee evaluated several options to repair the potential transformer and decided to

perform the repair while the unit was online. This required a planned LCO 3.0.3 entry in order to provide

electrical isolation for employee safety during the repair and to eliminate a unit trip risk during the
_transfer of power supplies to support the repair.

The planned LCO 3.0.3 entries were made as a result of more than one underfrequency RCPs channel
being inoperable while the underfrequency relays were being jumpered (to prevent actuation while
transferring power supplies) during the repair. The RTS underfrequency RCP trip logic results in a reactor
trip on 2/3 relays on 1/2 busses. Two LCO 3.0.3 entries were made during the repair when more than

one underfrequency RCPs relay was jumpered, the first entry was for 36 minutes and the second entry
was for 44 minutes.

In summary, these situations occurred for an RTS function (Underfrequency RCP) and two different
ESFAS functions (RWST and Containment Pressure). The inoperable RWST ESFAS channels were
caused by lightning strikes and frozen sensing lines. A Condition for two channels inoperable would have
eliminated the need to develop and submit NOEDs to the NRC for approval.

3.1.3 Technical Specification Change Request

This analysis provides the justification for adding a Condition, Action, and associated 24 hour CT for
two inoperable RTS or ESFAS channels for those RTS and ESFAS Functions with a two-out-of-four
actuation logic. A note will be added to the affected TS Conditions that this is not applicable when a
second channel is intentionally made inoperable.

Table 3-2 Technical Specification Change

Condition Action Completion Time

Two channels inoperable Place one channel in trip 24 hours

3.2 SYSTEM DESCRIPTION

This section discusses the overall description of the RPS and includes RTS, ESFAS, and test and
maintenance activities.

3.2.1 RTS and ESFAS Design

The typical circuit used to develop reactor trip actuation signals consists of analog channels (field
transmitters or process sensors, and the signal process control and protection system), combinational logic
units (solid state or relay protection system logic cabinets), and RTBs (reactor trip switchgear). The
typical circuit used to develop engineered safety feature actuation signals consists of analog channels,
combinational logic units, and actuation relays. The boards within the logic cabinets control the operation
of the RTB and actuation relays. There are typically two trains of logic cabinets, RTBs, and actuation
relays. The analog channels, usually arranged in one-out-of-two, two-out-of-three, or

two-out-of-four logic combinations, provide signals to both logic cabinets (trains). The actuation relays
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are master and slave relays with the master relays conﬁol]ing the slave relays. The slave relays actuate the
required safety equipment. Figure 3-1 shows a simplified diagram of the RPS.

Any particular protective feature, such as safety injection on pressurizer pressure low, will have two,
three, or four separate analog channels with each providing input to the logic cabinets. Actuation of the
RTBs or master and slave relays requires a combinational logic of one-out-of-two, two-out-of-three, or
two-out-of-four, 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. A typical digital channel uses a
similar configuration; however, the sensor output is converted using an A/D interface module and
processed digitally.

The combinational voting logic function is performed in the logic cabinet. Each SSPS train consists of the
input cabinet which contains the input relays, the logic cabinet, and the output cabinet which contains the
master and slave relays. The input bays are arranged such that all inputs are physically and electrically
isolated. The logic cabinet is where all the logic decisions are made and where the majority of system
tests are performed. The output cabinets are the interface between the logic ctrcuits and the safeguards
equipment. There are some variations to this configuration with multiple output cabinets.
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The SSPS receives inputs from the analog channels via the input relays. This is accomplished using relays
in either an energized or de-energized state. The relays operate grounding contacts in the logic circuitry.
When a comparator senses a trip condition the corresponding input relay will de-energize as appropriate,
applying a ground to a specific logic input. The inputs are applied to universal logic boards which are the
basic circuits of the protection system. These boards contain one-out-of-two, two-out-of-three, or
two-out-of-four 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 below:

1. Connection to other universal boards enables additional logic combinations. For example, the
motor-driven auxiliary feedwater pumps may be started by low-low level in one steam
generator (SG) as sensed by two-out-of-three channels. Each of the three SG channels for one SG
would input to a two-out-of-three universal board circuit. For a three-loop plant there would be
three such circuits. The output of each of these universal boards would input to a one-out-of-three
universal board to achieve the desired logic.

2. Connection to undervoltage output boards to drive the undervoltage relays to trip the RTBs.
3. Connection to safeguard output boards to drive the master relays which in turn drive the slave
relays.

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

3.2.2 Test and Maintenance Activities

Test and maintenance activities are related to the analog channels (process instrumentation), logic
cabinets, RTBs, and master and slave relays in the RTS and ESFAS instrumentation systems. 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 protection system. Satisfactory completion of
all tests provides assurance that the system will perform the protective functions credited 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.

With regard to the following analyses, the impact of test and maintenance activities on the RTS and
ESFAS is 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 impacted by 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
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channel is unavailable and actuation logic changes from two-out-of-three to two-out-of-two or
from two-out-of-four to two-out-of-three depending on the initial logic requirement. If tested in
the tripped state, the channel is providing a trip signal to the logic cabinets and the actuation logic
changes from two-out-of-three to one-out-of-two or from two-out-of-four to one-out-of-three.
Most plants do not have the installed bypass test capability.

J 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
ESF actuation train associated with these relays is 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.

. RTBs — The trip breakers are tested and maintained in the bypassed state, but the bypass trip
breaker for the trip breaker being tested or maintained is used to provide the reactor trip function.
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 indications and/or alarm observation. Preventive maintenance activities are pre-scheduled
maintenance activities done to maintain the component in an operable condition. Both types of activities
impact the component availability.

This new program adds an Action that allows two channels with a two-out-of-four actuation logic to be
inoperable for a specific CT provided in the TS. This will not be applicable to two channels inoperable for
preventive maintenance or for the situation when a first channel has failed and a second channel is
removed from service for preventive maintenance. The trip logic during the limited time period

two channels are inoperable will change from two-out-of-four to two-out-of-two.

3.3 IMPACT ON DEFENSE-IN-DEPTH AND SAFETY MARGINS

In addition to discussing the impact of the changes on plant risk, as presented in Section 3.4, the
traditional engineering considerations need to be addressed. These include defense-in-depth and safety
margins. The fundamental safety principles on which the plant design is based cannot be compromised.
Design basis accidents are used to develop the plant design. These are a combination of postulated
challenges and failure events that are used in the plant design to demonstrate safe plant response to an
accident. Defense-in-depth, the single failure criterion, and adequate safety margins may be impacted by
the proposed change and consideration needs to be given to these elements.
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3.3.1 Impact on Defense-in-Depth

Regulatory Guide 1.174 defines the elements that comprise defense-in-depth that proposed changes need
to meet. These elements and the impact of the proposed change on each follow:

' A reasonable balance is preserved among prevention of core damage, prevention of containment
failure, and consequence mitigation.

The development of an Action for two channels inoperable does not impact the system design,
therefore, from a deterministic perspective the balance between prevention of core damage,
containment failure, and consequence mitigation will remain the same prior to and after the
proposed change. The reactor trip and ESFAS signals are used to actuate reactor trip and ESF
equipment to mitigate plant events. The equipment actuated by these signals prevents core
damage, prevents containment failure, and preserves consequence mitigation. The impact on CDF
and LERF is negligible as discussed in Section 3.4. The proposed change does not degrade the
ability of one barrier to fission product release and compensate with an improvement of another
barrier. The balance between prevention of core damage, prevention of containment failure, and
consequence mitigation is maintained. Furthermore, no new accidents or transients are introduced
with the proposed change and the likelihood of an accident or transient is not impacted.

. Over-reliance on programmatic activities to compensate for weaknesses in plant design is
avoided.

The plant design will not be modified with this proposed change. All safety systems, including
the RPS, will still function in the same manner with high reliability, and there will be no
additional reliance on alternate systems, procedures, or operator actions following this change. As
demonstrated in Section 3.4, the impact of the proposed change on risk is very small.

) System redundancy, independence, and diversity are preserved commensurate with the expected
frequency, consequences of challenges to the system, and uncertainties.

The RPS, excluding the field transmitters and signal processing equipment, is arranged in a

two train system. As previously noted, the proposed changes do not represent a change to this
design or the functioning of the RPS. The same signals will still be generated by the RPS with
high reliability. Therefore, system redundancy, independence, and diversity will be maintained
within the RPS. No new common cause failure (CCF) mechanisms will be introduced due to the
new Action. For infrequent occurrences, signals generated using two-out-of-four logic will be
generated from two-out-of-two logic. The time in this Condition is limited by the proposed CT.
Signals will still be developed consistent with the safety analysis requirements and the high
reliability of the system will be maintained. '
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Defenses against potential common cause failures are preserved, and the potential for
introduction of new common cause failure mechanisms is assessed.

Defenses against CCFs are maintained. If the Condition is entered due to two inoperable channels
related to the same cause, it will need to be verified that the remaining operable channels are not
inoperable for that same cause. No new CCF mechanisms have been introduced since the
equipment, test requirements, and preventive maintenance requirements are not changing.

Independence of barriers is not degraded.

The barriers protecting the public and the independence of these barriers are maintained. The
availability of the reactor trip and ESFAS signals will be similar to the results of the signal
unavailability evaluations in WCAP-15376 and WCAP-14333. The signals are used to actuate
equipment to preserve core and containment protective barriers. The slight increase in signal
unavailabilities related to having two channels inoperable simultaneously will not impact this
independence.

Defenses against human errors are preserved.

No new operator actions related to the change are required to maintain plant safety. There will be
no change to the schemes or methods or procedures currently followed for testing and
maintenance activities. Therefore, pre-initiator human errors will not be impacted. Post-initiator
human actions, those to actuate components if the automatic signals fail, will also remain the
same.

The intent of the General Design Criteria in Appendix A to 10 CFR Part 50 is maintained.

This intent of the General Design Criteria is maintained. Of particular interest in this application
are the General Design Criteria related to protection and reactivity control systems. The specific
applicable criteria follow.

- Criterion 13 — Instrumentation and Control

- Criterion 20 — Protection System Functions

- Criterion 21 — Protection System Reliability and Testability

- Criterion 22 — Protection System Independence

- Criterion 23 - Protection System Failure Modes

- Criterion 24 — Separation of Protection and Control Systems

- Criterion 25 — Protection System Requirements for Reactivity Control Malfunctions
- Criterion 29 — Protection Against Anticipated Operational Occurrences

The proposed addition of an Action for two channels inoperable does not result in any changes to
the RPS design, function, or testability. Separation of protection and control systems is
maintained, as are failure modes on disconnection of the system, loss of power (e.g., electric
power, instrument air), or postulated adverse environments. The proposed change does not
adversely impact the availability or reliability of the protection signals. Therefore, it is concluded
that the intent of the General Design Criteria is maintained (see Section 2.2).
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3.3.2 Impact on Safety Margins and Single Failure Criteria

The safety analysis acceptance criteria, as stated in the Final Safety Analysis Report, are not impacted by
this change. Redundant and diverse protection signals for reactor trip and initiating safeguards equipment
will not be changed. The proposed change, an addition of an Action for two channels inoperable, will not
allow plant operation in a configuration outside the design basis. Testing and maintenance requirements
on the RPS will remain the same. Additional discussion of the impact on safety margins follows.

The applicable regulations and the impact of the proposed change on these regulations are provided in
Section 2.2 (Applicable Regulatory Requirements). It was concluded in this section that the proposed
changes are consistent with or do not impact the applicable regulations.

Subsection 2.1.1 discusses the basis for the Actions that allow a channel to be inoperable and the CT for
restoring the channel to operable status. Subsection 2.1.1 also discusses the requirement to place the
channel in the tripped or bypassed condition if it is not returned to operable status within the CT. The
basis for the CTs for restoring the inoperable channels to operable is also discussed.

The proposed change is only applicable to TS functions with four channels that require two for actuation.
Four channels are included in the RPS design for one of two reasons:

. To address mitigation of events caused by control system failures. If a parameter is used for
protection and control functions, four channels with a two-out-of-four logic is used to provide the
required reliability and redundancy. The design must be able to withstand both an input failure to
the control system, which may then require the protection function actuation, and a single failure
in the other remaining channels that provide the protection function actuation.

. To improve the reliability of the protection signal via additional redundancy, if not used for a
control function also.

Given that two channels are inoperable, then the protection function can still be maintained due to the
two-out-of-four logic design, i.e., two-out-of-two logic is still maintained.

Single Failure Criterion

The applicability of the single failure criterion is discussed in Section 2.2 under 10 CFR 50.55(a)(h). As
stated in Section 2.2, IEEE Std. 279 provides criteria that establish minimum requirements for the
safety-related functional performance and reliability of protection systems for stationary, land-based
nuclear reactors producing steam for electric power generation. Section 4.2 of IEEE Std. 279 provides the
single failure criterion as “Any single failure within the protection system shall not prevent proper
protective action at the system level when required.” IEEE-603 establishes minimum functional design
criteria for the power, instrumentation and control portions of nuclear power generating station safety
systems. Section 5.1 of IEEE-603 “Single-Failure Criterion,” states: “The safety systems shall perform all
safety functions required for a design basis event in the presence of: (1) any single detectable failure
within the safety systems concurrent with all identifiable but non-detectable failures; (2) all failures
caused by the single failure; and (3) all failures and spurious system actions that cause or are caused by
the design basis event requiring the safety functions.” The inoperability of two channels in a
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two-out-of-four configuration does not conflict with the single failure criterion in IEEE Std. 279 or
1EEE Std. 603 since they are a design requirement which is not being changed.

Therefore, the addition of an Action for two inoperable channels for functions with two-out-of-four
actuation logic does not impact the single failure design criterion. Specifically, the single failure in one of
the two operable channels does not need to be considered when the TS Action is entered.

Criteria for Re-Assessing the Action

Monitoring requirements will be established for assessing the simultaneous unavailability of two channels
that impact a single function. These monitoring requirements will be based on the assumed frequency of
occurrence, two channels in the same function being inoperable simultaneously, and the length of time the
occurrence is assumed to exist in the analysis. If it is found that channel unavailability related to this new
Action exceeds that assumed in the analysis, then a justification will need to be provided for the continued
use of the Action. This could be either a re-analysis using the actual channel unavailabilities and/or an
assessment of the failures leading to this Action to identify and resolve any possible component reliability
issues.

Probabilistic Measures of Safety Margin

The impact of the proposed Action on CDF and LERF is a measure of safety margin impact. Excessive
changes in CDF and LERF can resultin unacceptable safety margin degradation. Following the
acceptance guidelines in Regulatory Guide 1.174 for CDF and LERF changes ensures an acceptable
safety margin is maintained. In this current analysis, very small changes in CDF and LERF were
calculated (see subsection 3.4.3).

3.4  ANALYSIS AND RESULTS

The following sections discuss the approach taken in this program and provide the results of the analysis.
Included are a discussion of the overall analysis approach, the signal unavailability fault tree models, the
risk analysis, and the monitoring requirements.

3.4.1 Overall Analysis Approach

The approach followed the risk-informed approach defined in RG 1.174 and RG 1.177, and is based on
the analyses previously applied in WCAP-14333-P-A, Rev. 1 and WCAP-15376-P-A, Rev. 1. In these
analyses the impact of STI, CT, and bypass test time changes on representative signal unavailabilities was
determined. The representative signals included reactor trip and ESF actuation signals with and without
operator action backup. The signal unavailabilities for the new STIs, CTs, and bypass test times were then
used in a risk analysis to determine the impact on CDF and LERF, and also to calculate ICCDP and
ICLERP. These values were then compared to the acceptance criteria in RG 1.174 and RG 1.177.

This program follows the same general approach by developing signal unavailability fault trees for the
signals, or functions, of interest and then using these fault trees in a representative plant risk model to
determine the impact of the proposed change on the risk metrics. The signals are based on a SSPS and
7300 process protection system RPS design. The exact RPS design is not critical to the analysis, since the
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unavailability of channels is of interest and not individual component failure probabilities. This analysis is
applicable to all Westinghouse NSSS plants. The logic cabinet circuitry design, relay as opposed to SSPS,
is not important since the analysis is evaluating analog channel unavailability.

The overall approach consisted of the following steps:

1. Identification of the signals included in the program
2. Develop fault trees for the signals identified in Step 1
3. Assessment of the impact of the proposed change on risk

Each of these steps is briefly discussed in the following paragraphs and in detail in the following sections
of this report.

Identification of signals included in the program was addressed by a review of all functions in TS 3.3.1
and 3.3.2 that use two-out-of-four logic. These functions were then separated into two groups; those used
for control and protection, and those used for only protection. Trip and actuation signals were then
identified for each RT and ESF function. This is discussed in more detail in subsection 3.4.2.

Fault trees were developed for all the ESF functions included in this program. One representative fault
tree model was developed for all the RT functions included in this program. Using one representative
fault tree for the RT function is consistent with previous analyses (WCAP-14333 and WCAP-15376).
This is acceptable due to the diversity of signals available for plant transients. It would be necessary to
fail multiple channels across multiple functions to prevent a reactor trip signal, in addition, there is an
operator backup for reactor trip for all events. Therefore, failure of the channels is not a significant
contributor to failure of the reactor trip signal, and the specific channels under consideration for each
event is not important to the analysis. The fault trees developed were based on a RPS configuration of the
SSPS and 7300 process protection system. Again, the exact configuration is not important since the
program is investigating the impact of channel unavailability. The signal fault trees are discussed in
subsection 3.4.2,

The internal events risk analysis was performed using a representative plant PRA model that allows the
results to be applied to all Westinghouse NSSS plants. The representative model is for a four-loop
Westinghouse NSSS plant. Although it is for a two unit site, RPS signals are not impacted by the number
of units per site. The RPS is unit specific without any connections across units. The PRA model used as
the base for the representative model was reviewed against the requirements of the American Society of
Mechanical Engineers/American Nuclear Society PRA standard ASME/ANS RA-Sa-2009 and the
requirements of Regulatory Guide (RG) 1.200, Revision 2. One Fact and Observation (F&O) from the
System Analysis review was related to the RPS signal fault tree models and stated that appropriate
actuation signals from the RPS and ESFAS were modeled. No specific F&Os related to incorporating the
RPS signals into the PRA model were provided. No other System Analysis comments were applicable to
the RPS signal models. Sections 3.4.2, 3.4.3.1, and 3.4.3.2 discuss the fault tree modeling for RPS signals
used in this analysis and use of these signals in the PRA model. Other F&Os that could impact the results
of this analysis have been addressed. These include issues related to convergence of results, special
initiators, and human error analysis. Human error probabilities applied to operator actions that are used to
actuate mitigation equipment if the actuation signals fail are conservative and applicable to all plants.
These are listed on Table 3-11.

WCAP-17261-NP : December 2011
: Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 3-14

For each function previously identified, two channels were removed from service and the impact on CDF
and LERF determined. The ICCDP and ICLERP were also determined for two channels inoperable for
each function under consideration. The results were compared to the acceptance criteria in RG 1.174 and
RG 1.177. The acceptance criteria are:

ACDF < 1E-06/yr
ALERF < 1E-07/yr
ICCDP < 5E-07
ICLERP < 5E-08

External events were addressed in a separate assessment on a qualitative basis. The internal events risk
analysis is discussed in more detail in subsection 3.4.3 and the external event assessment in
subsection 3.4.4.

3.4.2 Signal Unavailability Models

The RPS functions that were assessed in this program are listed in Table 3-1. Detailed fault trees were
developed for each of the ESFAS functions. A single fault tree, that is representative of all the RTS
functions was developed. The signals modeled are provided in Table 3-3. Using only a single
representative model for RTS is consistent with previous analyses that were used to justify changes to TS
STIs, CTs, and bypass times in WCAP-14333 and WCAP-15376. Multiple reactor trip signals are
available to trip the reactor for all events due to redundancy and diversity in the protection system design.
Due to this diversity, and the operator action backup to trip the plant, the contribution to RT signal
unavailability from the analog channels is very small. Therefore, it is not important which specific signals
for RT are modeled and only one representative fault tree model is necessary.

The fault trees for each signal modeled are provided in Appendix B. Contributions from the following
sources are included in the fault tree models:

Random failure of components

. CCF of components
. Unavailability of components due to testing
) Unavailability of components due to maintenance

The level of detail included in the fault trees is consistent with that used in RPS fault tree models in
WCAP-15376, that is, to the basic replaceable component level at which failure data is developed. For
example, the typical level modeled is for relays, cards or boards, power supplies, and RTBs.

Often two or more events may appear in a cutset that could not occur simultaneously, To address this,
mutually exclusive combination events were identified and then removed from system level cutsets. Test
and maintenance activities can only be performed on the RTS and ESFAS one train at a time, therefore it
is a mutually exclusive combination to have an event with test or maintenance on the train A RTS and
train B RTS (or train A ESFAS and train B ESFAS). This includes train A and B of SSPS and train A and
B of the RTBs. There are also mutually exclusive combinations between the channels. Only one channel
per common channel group may be out of service at a time.
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Note that operator actions to initiate the protection functions are not shown in these fault trees except for
reactor trip.

Modifications to the fault trees were made in order to incorporate the signal models into the PRA model
and perform the risk analysis. These changes are not illustrated in Appendix B, but are described in
subsection 3.4.3 and its subsections.

3.4.2.1 Signals Evaluated

Table 3-3 provides the list of those signals containing two-out-of-four logic for which fault trees were
developed. This list of signals is consistent with the functions included in the program.

Table 3-3 RPS Signal Fault Tree Models

Function Signal
Reactor Trip Overtemperature AT (OTDT)"
Reactor Trip Pressurizer Pressure — High''?
Safety Injection o Pressurizer Pressure — Low
Containment Spray Containment Pressure High-3 (High High)
Containment Isolation — Phase B Containment Pressure High-3 (High High)
Steamline Isolation Containment Pressure — High 2
Turbine Trip and Feedwater Isolation SG Water Level — High High
Auxiliary Feedwater SG Water Level — Low Low
Automatic Switchover to Containment Sump RWST Level — Low Low, Safety Injection, Containment
Coincident with SI and Coincident with Sump Level — High
"Containment Sump Level

Notes:
1. The reactor trip signal fault tree model included both signals in a single fault tree. This approach is consistent with the
ability of diverse signals to provide a reactor trip for all transient events.

2. Changed to SG Water Level — Low Low per discussion in subsection 3.4.3.2.

3.4.2.2 Component Failure Probabilities and Unavailabilities

Failure probabilities for components of the SSPS, process protection system (analog channels), and
actuation relays in the analysis are provided in Table 3-4. The failure probabilities are based on the
surveillance test intervals (STIs) justified in WCAP-15376-P-A (Reference 5) unless otherwise stated in
the footnotes of Table 3-4.
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Table 3-4 RTS and ESFAS Failure Probabilities

Component Failure Probability

120V Instrument Power Boards [ P
15V DC Buses'" 5.21E-06

15V DC Power Supplies [ I
48V DC Buses'"” 5.21E-06

48V DC Power Supplies { I
Amplifiers 3.14E-04
Amplifiers (Lead/Lag) 3.14E-04
Amplifiers (Summing) 3.14E-04
Bypass Breakers 3.70E-05
Bistables/Comparators 1.49E-03
Converters 3.14E-04

Input Relays I T
Manual Reactor Trip 1.00E-02

Master Relays [ ]

Neutron Flux Ton Detectors [ P

Neutron Flux Ion Detectors — High Voltage Power { 7

Supplies

Reactor Trip Breakers 3.70E-05

Safeguard Driver Cards [ 7
Slave Relays 5.72E-04
Temperature Elements 5.98E-04
Transmitters 1.16E-04
Undervoltage Driver Cards 3.37E-04
Universal Logic Cards 1.15E-03

Note:

1.  Failure probability based on failure rate in NUREG/CR-6928 (Reference 13).

Table 3-5 summarizes the test and maintenance unavailability values included in the models for analog
channels. Following Table 3-5 are calculations of the unavailability values.

WCAP-17261-NP _ December 2011
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 3-17

Table 3-5 RTS and ESFAS Test and Maintenance Channel Unavailabilities

Component Unavailability Value
Channel Unavailable due to Test and Calibration 3.04E-03
Channel Unavailable due to Maintenance 4 45E-03

Channel Test and Calibration Unavailability

(12 hrs/test)/((6 months/test) x (730 hrs/month)) +
(4 hrs/calibration)/((18 months/calibration) x (730 hrs/month))
3.04E-03

where:

test interval is 6 months

test time is 12 hours

calibration interval is 18 months
calibration time is 4 hours

Channel Maintenance Unavailability

(78 hrs/activity) x (1 activity/2 yrs) x (1 y1/8760 hrs)
4.45E-03

where:

maintenance interval is 2 years

maintenance time is 78 hours (corresponds to a CT of 72 hours plus 6 hours for shutdown to
Mode 3)

3.4.2.3 Common Cause Approach

Components of similar manufacture and function are subject to CCF. The common cause modeling
methodology is consistent with NUREG/CR-4780 (Reference 14).

CCFs are modeled within each signal, but not across signals. Components in trains A and B performing
the same function are modeled as having CCFs and grouped together. This approach is based on the
Multiple Greek Letter (MGL) and Beta-factor approaches and is consistent with the approach used in
WCAP-15376. The MGL and Beta factors used for this program are from Reference 5 and summarized in
Table 3-6.
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Table3-6  RTS and ESFAS Component MGL Factors
Component Beta Gamma Delta

15V DC Power Supplies [ F* - -
15V DC Buses"” 0.1 - -
48V DC Power Supplies [ T - -
48V DC Buses"" 0.1 - -
Amplifiers (any type) [ e
Bistables/Comparators [ e
Bypass Breakers 0.043 - -
Converters [ e
Input Relays [ 7
Master Relays®™® T - _
Neutron Flux High Voltage Power Supplies [ i
Neutron Flux Ion Detectors [ P
Reactor Trip Breakers 0.043 - _
Safeguard Driver Cards P - _
Slave Relays®™ e _ _
Temperature Elements [ P
Transmitters [ 7
Undervoltage Driver Cards 0.029 - -
Universal Logic Cards 0.044 — _

Notes:

1. No specific Beta factor is available for electrical buses. The generic factor of 0.1 was applied to buses.
2. Avalueof[  J*“from WCAP-15376 (Reference 5) is conservative, but consistent with the previous analyses in
WCAP-14333 and WCAP-15376.

Input Relay Common Cause Failures Across Trains

The input relays are part of the analog channel string, but there are two sets of input relays; one set for
SSPS train A and one set for SSPS train B. The standard MGL approach was used to address CCFs that
impact the input relays in a single SSPS train. Basic events CCF_OTDT and CCF_PZRPH have been
added to the reactor trip fault tree to address CCF of the input relays across trains. A basic event named
CCF_ followed by the name of the signal (e.g. CCF_HHCP represents high-high containment pressure)
has been added to each ESFAS fault tree to address CCF of the input relays across trains.
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For two-out-of-four actuation logic, the signal will fail if three input relays in each train fail. With four
channels in each train, there are a total of 16 failure combinations of six channels. For example, consider
channels named A, B, C, and D. The failure combinations are:

. Train 1 — ABC fail, Train 2 - ABC, ABD, ACD, or BCD
. Train 1 — ABD fail, Train 2 - ABC, ABD, ACD, or BCD
. Train 1 — ACD fail, Train 2 - ABC, ABD, ACD, or BCD
o Train 1 — BCD fail, Train 2 - ABC, ABD, ACD, or BCD

The CCF contribution is:

16 x Beta x Gamma x Delta x Input relay failure probability

=16x0.08 x 0.33 x 0.52 x 3.30E-05
=7.25E-06

Power Supply Common Cause Failures Across Trains

For the RTS, there are redundant 15V DC power supplies in each SSPS train. In the ESFAS there are
redundant 15V DC and 48V DC power supplies in each SSPS train. One is required for opération of each
SSPS train. The Beta-factor approach is used to address CCF of the redundant power supplies within each
train. Another term is included in each SSPS train to address possible CCF of four power supplies (either
four 15V DC power supplies or four 48V DC power supplies). The MGL approach is used for these two
situations to address failure of all four 15V DC or all four 48V DC power supplies. Basic event CCF_15V
has been added to the reactor trip fault tree and basic events CCF_15V and CCF_48V have been added to
each ESFAS fault tree to model these failures.

The CCF contribution is:
Beta x Gamma x Delta x 15VDC or 48VDC power supply failure probability

=0.08 x 0.33 x 0.52 x 3.60E-05
= 4.94E-07

3.4.3 Risk Analysis — Internal Event Assessment

This section discusses the evaluation for determining the risk impact of the proposed changes. Included is
information related to 1) channel to signal dependencies, 2) PRA model description, 3) analysis approach,
and 4) discussion of the results.

3.4.3.1 Channel to Signal Dependencies

Each individual channel can affect one or more signals. A SG level channel may provide input to actuate

reactor trip and actuate the auxiliary feedwater system. Containment pressure is used for a number of
actuation signals including safety injection actuation, containment isolation, and containment spray
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actuation. These actuations may occur at different containment pressures, but a portion of the channel
removed from service is common to all these actuation signals.

To evaluate the impact of two channels, for the same protection function, inoperable at the same time it is
necessary to know:

1. The protection functions (reactor trip, safety injection, steamline isolation, etc.) required to
mitigate the various initiating events (LOCAs, secondary side breaks, steam generator tube
ruptures, etc.).

2. The protection signals (analog channels and nuclear instrumentation channels) that actuate the
protective functions in Item #1 (primary and backup).

3. The impact of the inoperable channels on other channels.

Protection is provided via either actuation of reactor trip or actuation of engineered safety functions. The
safety functions of interest are:

. Safety injection
o Containment isolation
Containment spray

. Steamline isolation

. Turbine trip and feedwater isolation

. Auxiliary feedwater

) Auxiliary feedwater pump suction transfer
. Automatic switchover to containment sump

The events of interest are all the events typically included in an internal events PRA model, such as,
LOCAs, steam generator tube ruptures (SGTRs), secondary side breaks (SSBs), transients, loss of offsite
power (LOOP), and loss of support systems.

The protection functions initiated, i.e., signals developed, by the analog channels and nuclear
instrumentation channels are provided in the plant Technical Specifications. This includes reactor trip and
engineered safety features actuations. In the Westinghouse Standard Technical Specifications

(Reference 9) the channels providing reactor trip are listed in Table 3.3.1-1 and the channels providing the
engineered safety features actuations are listed in Table 3.3.2-1.

The protection functions required to mitigate the different events are identified in plant PRA models. The
specific channels and signals actuating the protection functions are identified in the PRA mode} and/or the
plant’s accident analysis documented in the plant Final Safety Analysis Report.
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Table 3-7 provides a general summary of the initiating events, the protection functions required for event
mitigation, and the signal(s) that will actuate the protection function(s). It should be noted that not all
listed signals are available for all plants. Some depend on the plant design, such as steamline break
protection. In addition, the availability of an operator action to initiate the protection function given the
automatic signal fails is shown. From this information it is concluded:

. There are a number of protection functions that will be available to initiate reactor trip for all
events except smaller LOCAs and SGTR.

. An operator action to initiate reactor trip, when required, is available for all events.

. ESF protection functions can be initiated by at least one signal with an operator backup. In some
cases, multiple signals are available to initiate ESF protection functions.

It is also necessary to understand how the protective functions are developed with regard to channel
inputs used to develop the various signals. In some cases, analog and nuclear instrument channels, or
components in the channels, are used to develop multiple signals. If this is the case, then removing

one analog channel from service could impact several protection functions. Table 3-8 provides a summary
of the protection functions and the input parameters required to develop each function. From this
information, the following dependencies are identified.

One inoperable power range neutron flux channel impacts:

. Reactor trip on power range neutron flux — high

Reactor trip on power range neutron flux — low
. Reactor trip on power range neutron flux rate — high positive rate
. Reactor trip on power range neutron flux rate — high negative rate
. Reactor trip on overtemperature AT
. Reactor trip on overpower AT

One inoperable pressurizer pressure channels impacts:

. Reactor trip on pressurizer pressure — low

. Reactor trip on pressurizer pressure — high

. Reactor trip-on overtemperature AT

. Safety injection on pressurizer pressure — low

One inoperable cold or hot leg temperature channel impacts:

. Reactor trip on overtemperature AT

. Reactor trip on overpower AT

. Safety injection on steam flow (high) in two steamlines coincident with Tavg (low-low)

. Steamline isolation on steam flow (high) in two steamlines coincident with Tavg (low-low)
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One inoperable overtemperature AT channel impacts (one inoperable overtemperature N-16 channel has a

similar impact):

. Reactor trip on power range neutron flux — high
. Reactor trip on power range neutron flux — low
. Reactor trip on power range neutron flux rate — high positive rate
. Reactor trip on power range neutron flux rate — high negative rate
. Reactor trip on pressurizer pressure — low
. Reactor trip on pressurizer pressure — high
. Reactor trip on overtemperature AT
. Reactor trip on overpower AT
Safety injection on pressurizer pressure — low
. Safety injection on steam flow (high) in two steamlines coincident with Tavg (low-low)
° Steamline isolation on steam flow (high) in two steamlines coincident with Tavg (low-low)

Note: Due to the similar impacts between the overtemperature AT and overtemperature N-16, the
overtemperature AT channel will be used for further discussion.

One inoperable overpower AT channel impacts (one inoperable overpower N-16 channel has a similar

impact):

. Reactor trip on power range neutron flux — high

. Reactor trip on power range neutron flux — low

. Reactor trip on power range neutron flux rate — high positive rate

Reactor trip on power range neutron flux rate — high negative rate

. Reactor trip on overpower AT

. Reactor trip on overtemperature AT

. Safety injection on steam flow (high) in two steamlines coincident with Tavg (low-low)

) Steamline isolation on steam flow (high) in two steamlines coincident with Tavg (low-low)

Note: Due to the similar impacts between the overpower AT and overpower N-16, the overpower AT
channel will be used for further discussion.

One inoperable pressurizer level channel impacts:

. Reactor trip on pressurizer level — high

One inoperable reactor coolant flow channel impacts:

. Reactor trip on reactor coolant flow — low

One inoperable undervoltage RCP channel (relay) impacts:

. Reactor trip on RCP bus undervoltage
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One inoperable underfrequency RCP channel (relay) impacts:
. Reactor trip on RCP bus underfrequency

One inoperable steam line pressure channel impacts:

) Safety injection on steam line pressure — low in one loop

) Safety injection on high differential pressure between steam lines

. Safety injection on high steam flow in two steam lines coincident with steam line pressure — low
) Steam line isolation on steam line pressure — low '

. Steam line isolation on steam line pressure — negative rate

) Steam line isolation on high steam flow in two steam lines coincident with steam line pressure — low

One inoperable SG level channel impacts:

. Reactor trip on SG water level — low
. Auxiliary feedwater pump start on SG water level — low-low

One inoperable steamflow channel impacts:

3 Safety injection on high steam line flow in two steam lines coincident with Tavg — low-low
) Safety injectton on high steam line flow in two steam lines coincident with steam line
pressure — low
. Steam line isolation on high steam line flow in two steam lines coincident with Tavg — low-low
° Steam line isolation on high steam line flow in two steam lines coincident with steam line
pressure — low
. Steam line isolation on high steam flow coincident with SI and coincident with Tavg —low-low
. Steam line isolation on high-high steam flow coincident with SI

One inoperable turbine oil pressure channel impacts:
) Reactor trip via a turbine trip

One inoperable containment pressure channel impacts:

. Reactor trip on containment pressure high 1 via safety injection

. Safety injection on containment pressure — high 1

. Steamline isolation on containment pressure — high 2

) Containment spray actuation on containment pressure — high 3 (high-high)

. Containment isolation Phase B isolation on containment pressure — high 3 (high-high)

One inoperable AFW pump suction pressure channel impacts: '

. AFW pump suction transfer on suction pressure — low
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One inoperable RWST level channel impacts:

) RWST switchover to containment sump
One inoperable sump level channel impacts:

. RWST switchover to containment sump

This information is important in determining the impact of channels removed from service on actuatlon
signals for the representative PRA model. This is discussed in subsectlon 3.433.
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Table 3-7

Reactor Protection System Actuation Features

Events

Protective Function

Actuation Signal
(Note that All Signals are Not Applicable to All Plants)

Operator Action

Large LOCA, Reactor
Vessel Rupture, Large
Interfacing Systems LOCA

Reactor trip

Not required

No

Safety injection

Pressurizer pressure (low)
Containment pressure (high-1)""

No

Switchover to sump

RWST level (low-low) coincident with SI
RWST level (low-low) coincident with SI and coincident
with sump level (high)

Yes

Medium LOCA, Small
LOCA, Small Interfacing
Systems LOCA

Reactor trip

Pressurizer pressure (low)

Yes

Safety injection

Pressurizer pressure (low)

Yes

Switchover to sump

RWST level (low-low) coincident with SI
RWST level (low-low) coincident with SI and coincident
with sump level (high)

Yes

Steam Generator Tube
Rupture

Reactor trip

Pressurizer pressure (low)

Yes

Safety injection

Pressurizer pressure (low)

Yes

Steamline Break Inside
Containment

Reactor trip

Power range neutron flux (high)

Power range neutron flux rate (high positive rate)
Overpower AT

Overtemperature AT

Pressurizer pressure (low)

Containment pressure (high-1, via SI signal)

Yes

Safety injection

Pressurizer pressure (low)

Containment pressure (high)

Steamline pressure (low in one loop)

Differential pressure between steamlines (high)
Steamline flow (high) in two steamlines coincident with
Tavg (low-low)

Steamline flow (high) in two steamlines coincident with
steamline pressure (low)

Yes
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(cont.)

Table 3-7 Reactor Protection System Actuation Features

Events

Protective Function

Actuation Signal
(Note that All Signals are Not Applicable to All Plants)

Operator Action

Steamline Break Inside
Containment (cont.)

Steamline isolation

Containment pressure (high-2)

Steamline pressure (low)

Steamline pressure (negative rate)

Steamline flow (high) in two steamlines coincident with
Tavg (low-low)

Steamline flow (high) in two steamlines coincident with
steamline pressure (low)

Yes

Steamline Break Outside
Containment

Reactor trip

Power range neutron flux (high)

Power range neutron flux rate (high positive rate)
Overpower AT

Overtemperature AT

Pressurizer pressure (low)

Yes

Safety injection

Pressurizer pressure (low)

Steamline pressure (low in one loop)

Differential pressure between steamlines (high)
Steamline flow (high) in two steamlines coincident with
Tavg (low-low)

Steamline flow (high) in two steamlines coincident with
steamline pressure (low)

Yes

Steamline isolation

Steamline pressure (low)

Steamline pressure (negative rate)

Steamline flow (high) in two steamlines coincident with
Tavg (low-low)

Steamline flow (high) in two steamlines coincident with
steamline pressure (low)

Yes

Feedwater Line Break
Inside Containment

Reactor trip

Pressurizer level (high)

Pressurizer pressure (high)

Overtemperature AT

SG level in any SG (low-low)

Steamline pressure low (via SI signal)
Containment pressure (high-1) (via SI signal)

Yes
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Table 3-7 Reactor Protection System Actuation Features
(cont.)
Actuation Signal
Events Protective Function (Note that All Signals are Not Applicable to All Plants) Operator Action
Feedwater Line Break Safety injection Containment pressure (high) Yes
Inside Containment Steamline,pressure (low in one loop)
(cont.) : Differential pressure between steamlines (high)
-| Feedwater line isolation ' SI signal Yes
Feedwater Line Break Reactor trip Pressurizer level (high) Yes
QOutside Containment Pressurizer pressure (high)
Overtemperature AT
SG level (low-low) in any SG
_ Steamline pressure low (via SI signal)
Safety injection Steamline pressure (low in one loop) Yes
Differential pressure between steamlines (high)
Feedwater line isolation SI signal Yes
Excessive Feedwater Reactor trip SG water level (high-high) Yes
Power range neutron flux (high)
Feedwater line isolation SG water level (high-high) Yes
Positive Reactivity Reactor trip Power range neutron flux (high) Yes
Insertion Power range neutron flux rate (high positive rate)
Overtemperature AT
Overpower AT
Pressurizer pressure (high)
Pressurizer water level (high)
Auxiliary feedwater SG water level (low-low) Yes
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(cont.)

Table 3-7 Reactor Protection System Actuation Features

Events

Protective Function

Actuation Signal
(Note that All Signals are Not Applicable to All Plants)

Operator Action

Loss of Reactor Coolant
Flow

Reactor trip

Reactor coolant flow (low)
RCP breaker position
Undervoltage RCPs
Underfrequency RCPs
Pressurizer pressure (high)
Overtemperature AT
Overpower AT

Yes

Auxiliary feedwater

SG water level (low-low)

Yes

Loss of Main Feedwater

Reactor trip

SG water level (low) in any SG
Overtemperature AT
Pressurizer pressure (high)
Pressurizer water level (high)

Yes

Auxiliary feedwater

SG water level (low-low)
Trip of main feedwater pumps

Yes

Partial Loss of Main
Feedwater

Reactor trip

SG water level (low) in any SG
Overtemperature AT
Pressurizer pressure (high)
Pressurizer water level (high)

Yes

Auxiliary feedwater

SG water level (low-low)
Trip of main feedwater pumps

Yes

Loss of Condenser

Reactor trip

Pressurizer pressure (high)
Pressurizer water level (high)
Overtemperature AT
Overpower AT

Yes

Aucxiliary feedwater

SG water level (low-low)

Yes
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Table 3-7 “Reactor Protection System Actuation Features
(cont.)
Actuation Signal
Events Protective Function (Note that All Signals are Not Applicable to All Plants) Operator Action
Turbine Trip Reactor trip Pressurizer pressure (high) Yes
Pressurizer water level (high)
Overtemperature AT
Overpower AT
Direct reactor trip on turbine trip
Auxiliary feedwater SG water level (low) Yes
Reactor trip Reactor trip NA (reactor trip initiated the event) NA
Auxiliary feedwater SG water level (low) Yes
Spurious Safety Injection Reactor trip Pressurizer water level (high) Yes
SI signal
Auxiliary feedwater SG water level (low) Yes
Inadvertent opening of a Reactor trip Power range neutron flux (high) Yes
steam valve Overtemperature AT
Pressurizer pressure (low)
Auxiliary feedwater SG water level (low) Yes
Loss of Offsite Power Reactor trip Occurs on a loss of offsite power due to loss of power to NA
the MG sets
Auxiliary feedwater Loss of power to reactor coolant bus Yes
Undervoltage reactor coolant pump bus
All Events Containment spray Containment pressure (high-3 or high-high) Yes
Containment isolation Phase A On SI signal Yes
Containment isolation Phase B Containment pressure (high-3 or high-high) Yes
AFW pump suction transfer Suction pressure (low) Yes
Note: 1. Safety injection on containment pressure (high-1) is not applicable to large interfacing system LOCA.
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Table 3-8 Protection Function Dependence on Analog and NIS Channels
Protection Function Requires Input From
Power range neutron flux — high Neutron flux lower and upper ion chambers
Power range neutron flux — low Neutron flux lower and upper ion chambers
Power range neutron flux rate — high positive rate Neutron flux lower and upper ion chambers
Power range neutron flux rate — high negative rate Neutron flux lower and upper ion chambers
Overtemperature AT Neutron flux lower and upper ion chambers
Pressurizer pressure
Cold leg temperature
Hot leg temperature
Overtemperature N-16 Neutron flux lower and upper ion chambers
Pressurizer pressure
Cold leg temperature
N-16
Overpower AT Neutron flux lower and upper ion chamber
Cold leg temperature
Hot leg temperature
Overpower N-16 Neutron flux lower and upper ion chambers
Cold leg temperature
N-16
Pressurizer pressure — low Pressurizer pressure:
Pressurizer pressure — high Pressurizer pressure
Pressurizer level — high Pressurizer level
Reactor coolant flow — low RCS loop flow
Reactor coolant pump breaker position Position switch .
Undervoltage RCPs Undervoltage relays
Underfrequency RCPs Underfrequency relays
Steamline pressure — low Steamline pressure
Steam generator level — low-low Steam generator level
Steam flow — high Steam flow
Tavg Cold leg temperature
Hot leg temperature
Low fluid oil pressure (turbine) Oil pressure (switch)
Turbine stop valve closure Position sensor
Containment pressure — high-high Containment pressure
Containment pressure — high Containment pressure
AFW suction transfer on suction pressure — low AFW suction pressure
Switchover to sump RWST level
Sump level
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3.4.3.2 PRA Model Description

The base case PRA model used in the analysis is representative of a Westinghouse 4-loop plant as
discussed in subsection 3.4.1. The base case PRA model also includes all internal events and internal
flood.

In order to develop a representative model that contained modeling for two inoperable channels, logic and
basic events were added to each of the signal unavailability fault tree models discussed in

subsection 3.4.2. The fault tree models discussed in subsection 3.4.2 and provided in Appendix B have a
test and maintenance basic event for one channel unavailable. The models were changed to reflect
maintenance activities for two unavailable channels. An example of the logic added to the fault trees is
provided in Figure 3-2. The fault trees in Appendix B do not include this additional logic, but it was
included in the linked fault tree model used in the analysis.

———— e

2 CHARNELS
INOPERABLE LOGIC PZR
CHANMEL 1

I || N
| — 1
PZR CHAMNMEL 1 AND CHANREL 1 AND
CHAMNNEL 2 INOPERAELE CHAMNEL 4 INCGPERAELE
MTP_PZR_455AND456 MITM_PZR_455AND458

@ 1.60E-D4 @ 1.60E-04

P2ZR CHAMNNEL 1 AND
CHANNEL 3 INDPERABLE

NTTML_PZR_455AND457]
@ 1.60E-04

Figure 3-2 Example of Two Channels Inoperable Logic

The protection signals specifically addressed by the model are provided in Table 3-3. Note the following;:

. Reactor trip signal, as listed in Table 3-3, is on overtemperature AT or pressurizer pressure high.
For the risk analysis this was changed to overtemperature AT or SG level low low. For all
initiating events that require a reactor trip, the reactor trip signal is provided by a diverse set of
signals. At least two diverse signals are available for each event, therefore, this is modeled in the
fault tree. The change to the actual signals modeled in the risk analysis was to ensure the two sets
were completely diverse. The overtemperature AT and pressurizer pressure high signal do not
meet this diverse requirement since they share some components (pressurizer pressure).

. SG water level high-high provides feedwater isolation and turbine trip. The turbine trip function
of this signal is not credited in the model.

WCAP-17261-NP ) December 2011
Revision Q



WESTINGHOUSE NON-PROPRIETARY CLASS 3

3-32

These signals were selected as the basis for the risk assessment. There are other signals that can be
credited and modeled in the representative model, but were not to maintain a conservative assessment that
is applicable to all Westinghouse NSSS plants participating in the prbgram. For example, a safety
injection actuation will not only occur on pressurizer pressure low, but also on containment pressure high
and low steamline pressure, depending on the initiating event.

To ensure a generic model, all ESFAS signals in the PRA model used in the risk assessment were
reviewed and modified as necessary to ensure they were representative of all plants included in this
program. Table 3-9 lists the ESFAS functions and initiating signal(s) and how it is credited in the
-representative PRA model.

pressure — low

Table 3-9 ESFAS Signals Included in the Program — How They Are Addressed in the Generic
PRA Model
Function Signal Protects Against Addressed in Generic PRA Model
Safety Injection Pressurizer LOCAs, SGTR, SSBs | Included for mitigation of LOCAs and

SGTR.

Not included for mitigation of SSBs;
for SSBs it’s an alternate to steam line
pressure low and operator action.
Excluding it from the model for SSB
will not impact the results. This signal
is most important for LOCA mitigation
where there are no backups for some
events (SLOCA, MLOCA).

Containment Spray:

Containment pressure
high -3

Used for all events
that go to core
damage

This is included in the model.

high ~ 3

Containment Containment pressure Used for all events This is included in the model.
Isolation — Phase B | high—3 that go to core

' damage
Steam Line Isolation | Containment pressure | Used to mitigate SSBs | This is included in the model.

inside containment. It
is an alternate to
steam line pressure
low and OA.

Note that containment pressure is also used to initiate safety injection for large LOCAs and SSBs although the
actuation signal is high-1. But if one containment pressure channel is removed from service it impacts signal
unavailability of the four functions — SI, steamline isolation, containment spray, and containment isolation
phase B. Therefore, contaiment pressure is used as the actuation signal.

Turbine Trip and
Feedwater Isolation

SG water level — high
high

Used for SG isolation
to mitigate SSBs. FW
isolation would also

occur on the ST signal.

This is included in the model.
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Table 3-9
(cont.)

ESFAS Signals Included in the Program — How They Are Addressed in the Generic
PRA Model '

Function

Signal

Protects Against

Addressed in Generic PRA Model

Auxiliary Feedwater

SG water level — low
low

Used to initiate AFW
for transients and
credited for several
other events as an
alternative to SI.

This is included in the model.

Automatic

RWST level - low

Used following

Not specifically modeled. This signal

coincident with SI
and coincident with
containment sump
level high

Containment sump
level — high

switchover to low depletion of RWST will be addressed by the following
containment sump following SI actuation | switchover signal.

coincident with SI for LOCAs.

Automatic RWST level — low Used following This is included in the model.
switchover to low depletion of RWST

containment sump following Sl

actuation, for LOCAs.
Sump level is also
monitored by four
level channels with
two-out-of-four logic.
Two sump level
channels out of
service have the same
impact as two RWST
level channels out of
service.

The representative model also credits other signals. The model was also reviewed to ensure that the
signals credited for a given initiating event were representative of all plants in this program. For each
initiating event, Table 3-10 lists the safety function and actuation signal included in the representative

PRA model.
Table 3-10 ESFAS Actuation Signals Credited in Representative Model by Initiating Event
Initiating Event Required Safety Function Credited in Generic Model
Large LOCA Safety Injection (SI related pump start) Pressurizer pressure — low

Containment pressure — high

Automatic Switchover to Containment

Sump

RWST level — low coincident with SI and
coincident with containment sump
level — high

OA backup
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(cont.)

ESFAS Actuation Signals Credited in Representative Model by Initiating Event

Initiating Event

Required Safety Function

Credited in Generic Model

Medium LOCA Safety Injection (SI related pump start) Pressurizer pressure — low
OA for SI backup
Auxiliary Feedwater S1 signal on pressurizer pressure — low
SG level - low-low
OA backup
Automatic Switchover to Containment RWST level — low coincident with SI and
Sump coincident with containment sump
level — high
OA backup
Small LOCA Safety Injection (SI related pump start) Pressurizer pressure — low
OA for SI backup
Auxiliary Feedwater SI signal on pressurizer pressure — low
SG level - low-low
OA backup
Automatic Switchover to Containment RWST level - low coincident with SI and
Sump coincident with containment sump
level — high
OA backup
SGTR Safety Injection (SI related pump start) Pressurizer pressure — low
OA for SI backup
Auxiliary Feedwater SI signal on pressurizer pressure — low
Isolate SG (close MSIVs and FWIVs — by OA
OA)
Secondary Side Main Feedwater Isolation S1 signal on steam line pressure low with
Breaks Inside OA backup
Containment

SG water level — high-high

Main Steamline Isolation

Steam line pressure — low
Containment pressure — high-high

OA backup

Safety Injection

Steam line pressure — low

OA backup
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Table 3-10 ESFAS Actuation Signals Credited in Representative Model by Initiating Event
(cont.)

Initiating Event Required Safety Function Credited in Generic Model
Secondary Side Auxiliary Feedwater ST signal on steam line pressure — low
Breaks Inside SG tevel — low-l
Containment evel —low-low
(cont.) OA backup
Secondary Side Main Feedwater Isolation S1 signal on steam line pressure low with
Breaks Outside OA backup
Containment

SG water level — high-high

Main Steamline Isolation

Steam line pressure — low

OA backup

Safety Injection

Steam line pressure — low

OA backup

Auxiliary Feedwater

SI signal on steam line pressure — low
SG level - low-low

OA backup

General Transients

Auxiliary Feedwater

SG level - low-low

OA backup

Loss of Offsite Auxiliary Feedwater SG level — low-low

Power OA backup

All events Phase A Containment Isolation S1 signal that corresponds to the event of
interest

All events Phase B Containment Isolation Containment pressure — high-high
OA backup

All events Containment Spray Containment pressure — high-high

OA backup

In order to develop a representative model, several signals in this risk assessment were modified to ensure
they were representative of all plants in this program. The model that is the basis for this risk assessment
was a Westinghouse 4-loop plant with a fully automatic RWST to containment sump switchover
capability. Participating plants covered by this risk assessment had various switchover capabilities
including fully automatic and other designs requiring operation actions. The PRA model maintained the
logic for the fully automatic switchover capability since this would result in higher dependency on the

ESFAS logic.

Another model modification was necessary to ensure the model addressed the number of RCS loops. A
two-loop plant would have a higher dependency on a given channel involving SG level for RT and
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starting auxiliary feedwater. Therefore, the base model logic only credited instrumentation in two RCS
loops, i.e., two SGs.

As previously noted, the signals used for RT in the generic model include overtemperature AT (OTDT)
and SG level low-low. Also as previously noted, for most events, there are at least two diverse means to
actuate reactor trip. This is consistent with previous programs. Therefore, the SG level low-low was
selected because of its diversity with OTDT.

The fault tree for reactor trip actuation from the signals OTDT and SG level low-low signal is provided in
Appendix C.

A number of operator actions are credited that provide a backup to the RT and ESFAS signals. These are
listed in Table 3-11 along with the human error probability (HEP) used in the analysis. These values are
considered conservative and applicable to all Westinghouse NSSS plants.

Table 3-11 Human Error Probabilities for Operator Actions Backing Up Actuation Signals
HRA Description . HEP
Trip reactor from the main control board ' 1.0E-02
Start ECCS from the main control board (ESFAS fails/small LOCA or SGTR) 1.0E-02
Start AFW (reactor trip, no SI) 2.0E-02
Switchover from RWST to containment sump ' 1.0E-02
Initiate containment spray 1.0E-02

3.4.3.3 Analysis Approach and Risk Metrics

Two channel inoperable logic was added to the modeled signals identified in subsection 3.4.2 and as
discussed in subsection 3.4.3.2. The assessment was done consistent with Regulatory Guide 1.174
(Reference 6) and Regulatory Guide 1.177 (Reference 7). The risk metrics that were used include:

. Impact on core damage frequency (ACDF)

) Impact on large early release frequency (ALERF)

. Incremental conditional core damage probability (ICCDP)

. Incremental conditional large early release probability (ICLERP)

ICCDP and ICLERP are defined in RG 1.177 as follows:

. ICCDP = {(conditional CDF with subject equipment out of service) — (baseline CDF with
nominal equipment unavailabilities)] x (duration of single CT under consideration)

. ICLERP = [(conditional LERF with subject equipment out of service) — (baseline LERF with
nominal equipment unavailabilities)] x (duration of single CT under consideration)
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The ICCDP and ICLERP values were determined for each impacted signal. The ACDF and ALERF values
will be determined for each impacted signal and for the group of signals to determine a cumulative impact
of the changes.

The risk metric acceptance criteria are:

. ICCDP < 5E-07 (Reference 7)

. ICLERP < 5E-08 (Reference 7)

. ACDF < 1E-06/yr (Reference 6)
. ALERF <-1E-07/yr (Reference 6)

The base case two channel unavailable value is based on LCO 3.0.3 where if two channels are inoperable
the plant must initiate actions in 1 hour to shut down the plant. The data also includes a 6 hour shutdown
time. Therefore a maintenance time of 7 hours is used in the base case. An interval time of 5 years is used
as an average estimate. The maintenance unavailability for the base case is as follows:

Maintenance Unavailability = 20 £ 6BOUTS _ | ¢or 04

5years * 8760

The base case CDF for the representative model is 3.49E-05. The base case LERF for the representative
model is 2.22E-06. Both of these values are for internal events including internal flooding. The truncation
limit for the CDF analysis was 1E-12 and for the LERF analysis was 1E-13.

The impact of the unavailability of two channels in the following channel sets on risk needs to be
determined.

. Power range neutron flux
. Overtemperature AT

. Overpower AT

. Pressurizer pressure

. SG water level

. Containment pressure

) RWST level

. Containment sump level

The impact of the unavailability of these channels on safety functions and the IEs impacted for the
representative model are provided in Table 3-12. This was developed from the information provided in
Tables 3-7 and 3-8. Based on the information in Table 3-12, the risk impact of the following analog
channels needs to be assessed using the representative PRA model.

. Pressurizer pressure
] SG water level
Containment pressure
. RWST level
. Containment sump level
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Two channels inoperable for power range neutron flux do not need to be specifically evaluated since it
only impacts reactor trip signals. This can be conservatively bounded by either the pressurizer pressure or

SG level evaluations.

Two channels inoperable for overtemperature AT do not need to be specifically evaluated since- their
unavailability has a similar impact as a pressurizer pressure channel. Therefore, the results of the
pressurizer pressure evaluation addresses overtemperature AT.

Two channels inoperable for overpower AT do not need to be specifically evaluated since it only impacts
reactor trip signals. This can be conservatively bounded by either the pressurizer pressure or SG level

evaluations.

Table 3-12

Summary of Channel Impacts for the Representative PRA Model

Channel

Impacted Safety Function

Impacted Initiating Event

Power range neutron flux

Reactor trip (via input to
overtemperature AT)

Transient events (OTAT is one of
two diverse channels sets credited
for RT)

Overtemperature AT

Reactor trip on overtemperature AT

Transient events (OTAT is one of
two diverse channels sets credited
for RT)

Reactor trip (via pressurizer
pressure low)

Medium and Small LOCAs, SGTR

Safety injection (via pressurizer
pressure — low)

Large, Medium, Small LOCAs,
SGTR

Overpower AT

Reactor trip on overpower AT

Transient events

Pressurizer pressure

Reactor trip (via input to
overtemperature AT)

Transient events

Reactor trip (via pressurizer
pressure low)

Medium and Small LOCAs, SGTR

Safety injection

Large, Medium, Small LOCAs,
SGTR

SG water level

Containment pressure

Reactor trip Transient events (SG water level is
one of two diverse channels sets
credited for RT)

AFW actuation Transient events

MFW Isolation Turbine trip and Secondary side
breaks

Safety injection Large LOCA

Containment spray actuation All events

Containment isolation — Phase B All events

Steamline isolation Secondary side breaks
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containment sump

Table 3-12 Summary of Channel Impacts for the Representative PRA Model
(cont.)

Channel Impacted Safety Function Impacted Initiating Event
RWST level Automatic switchover to All events that require safety

injection and in which the RWST
inventory spills to the sump.

Containment sump level

Automatic switchover to
containment sump

All events that require safety
injection and in which the RWST

inventory spills to the sump. '

3.4.3.4 Analysis Results
ICCDP Analysis
The ICCDP is calculated as follows:
ICCDP = (CDF(1) — CDF(Base)) * (CT + shutdown time)/8760

In this equation CDF(1) is the CDF where two channels are unavailable. CDF(Base) is the base case CDF
discussed in subsection 3.4.3.3. CT is the completion time. The shutdown time is 6 hours. The ICCDP that
is calculated 1s based on a CT of 24 hours. As noted earlier, the ICCDP should be less than 5.0E-07.
CDF(1) and consequently ICCDP are calculated for each signal. In the analysis channels 1 and 2 were
marked as unavailable unless otherwise noted. The results for each set of channels are provided in Table
3-13. Since this evaluation was performed on a. model based on generic and operational history, channel
unavailability values are not identical. Slightly different results can be generated for each combination of
channels set to unavailable. The results shown are representative of any combination of channels. The
[ICCDP values meet the acceptance criteria of < SE-07.

It is necessary to quantify the containment pressure signal twice, once taking out channels 1 and 2 and the
second time with channels 3 and 4. The first case (channels 1 and 2) will not affect the high containment
pressure signal (2/3 logic), whereas the second case will. Channel 1 is not in the high containment
pressure signal.

Table 3-13 ICCDP Results
Channel CDF(1) 1CCDP
Steam Generator Level 3.97E-05 1.63E-08
Pressurizer Pressure 3.69E-05 6.85E-09
Containment Pressure
(Channels 1 and 2) 3.52E-05 7.84E-10
Containment Pressure
(Channels 3 and 4) 3.50E-05 4.45E-11
RWST Level 3.50E-05 2.47E-10 -
Containment Sump Level 3.50E-05 247E-10
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ICLERP Analysis
The ICLERP is calculated as follows:
ICLERP = (LERF(1) - LERF(Base)) * (CT + shutdown time)/8760

In this equation LERF(1) is the LERF where two channels are unavailable. LERF(Base) is the base case
LERF discussed in subsection 3.4.3.3. CT is the completion time. The shutdown time is 6 hours. The
ICLERP that is calculated is based on a CT of 24 hours. As noted earlier, the ICLERP should be less than
5.0E-08. LERF(1) and consequently ICLERP are calculated for each signal. In the analysis channels 1
and 2 were marked as unavailable unless otherwise noted. The results for each set of channels are
provided in Table 3-14. Since this evaluation was performed on 2 model based on generic and operational
history channel unavailability values are not identical. Slightly different results can be generated for each
combination of channels set to unavailable. The results shown are representative of any combination of
channels. The ICLERP values meet the acceptance criteria of < SE-08.

As with the ICCDP analysis, it was necessary to quantify the containment pressure signal twice.

Table 3-14 ICLERP Results

Channel LERF(1) ICLERP

Steam Generator Level 2.49E-06 9.22E-10

Pressurizer Pressure 2.84E-06 2.10E-09

Containment Pressure 2.23E-06 7.88E-12
(Channels 1 and 2)

Containment Pressure 2.22E-06 3.42E-13
(Channels 3 and 4)

RWST Level 2.23E-06 1.47E-11

Containment Sump Level 2.23E-06 1.47E-11

Impact on CDF

The impact on CDF is calculated as follows:
ACDF = CDF(24 hour CT for two channels unavailable) — CDF(base)

The unavailability for two channels inoperable was calculated with the base case discussed in

subsection 3.4.3.3. The new maintenance unavailability associated with two channels unavailable is based
on a 24 hour CT and a 6 hour shutdown time. An interval time of 5 years is used as an average estimate.
The maintenance unavailability for the new case is as follows:

Maintenance Unavailability = 24 hours + 6 hours = 6.85E-04
5years* 8760
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As noted previously, this unavailability value is added for the pairs of channels that can be unavailable
simultaneously. That is, for channels A, B, C, and D, the paired combinations are AB, AC, AD, BC, BD,
and CD.

The ACDF acceptance criterion is < 1E-06/yr which represents a small change. The ACDF was
determined for each channel set and for the group of channels. The results are provided in Table 3-15. All
cases meet the acceptance criterion.

Table 3-15 ACDF Results
CDF (24 hour CT for two
Channel channels inoperable) (per year) ACDF (per year)

Steam Generator Level 3.50E-05 ' 6.00E-08
Pressurizer Pressure _ 3.49E-05 5.00E-09
Containment Pressure 3.49E-05 < 1E-09
RWST Level 3.49E-05 < 1E-09
Containment Sump Level 3.49E-05 < 1E-09
Group of Signals 3.50E-05 7.10E-08

Note that further differences between the CDF values occur beyond the second decimal place.

ALERF
The impact of LERF is calculated as follows:
ALERF = LERF(24 hour CT for two channels unavailable) — LERF(base)

The unavatlability for two channels inoperable was calculated with the base case discussed in
subsection 3.4.3.3. The new maintenance unavailability associated with two channels unavailable was
described in the ACDF case and is the same for the ALERF analysis.

... 24h 6h
Maintenance Unavailability = ours + >aours _ 6.85E-04
5 years * 8760

The ALERF acceptance criterion is < 1E-07/yr which represents a small change. The ALERF was
determined for each channel set and for the group of channels. The results are provided in Table 3-16. All
cases meet the acceptance criterion.
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Table 3-16 ALERF Results

LERF (24 hour CT for two .

Channel channels inoperable) (per year) ALEREF (per year)
Steam Generator Level 2.22E-06 1.10E-09
Pressurizer Pressure 2.22E-06 1.80E-09
Containment Pressure 2.22E-06 < 1E-10
RWST Level 2.22E-06 : <1E-10
Containment Sump Level 2.22E-06 < 1E-10
Group of Signals 2.23E-06 3.00E-09

Note that further differences between the LERF values occur beyond the second decimal place.

3.4.3.5 Discussion of Results

The results provided above are for unavailable channels. Any single channel can impact one or more
signal unavailabilities. As stated previously (subsection 3.4.3.3), power range neutron flux and overpower
AT are bounded by the results for pressurizer pressure or SG level: Also, overtemperature AT is bounded
by the results for pressurizer pressure.

The representative PRA model accounts for the multiple impacts of the various channels of interest in this
analysis on the signals. The SG level and pressurizer pressure channels have the largest impact on CDF
and LERF since these channels impact a number of signals. This is evident in the results presented in the
above tables. All of the results provided above related to ICCDP, ICLERP, ACDF, and ALERF, meet their
respective acceptance criterion, therefore, from the perspective of internal events including internal
flooding, the proposed CT of 24 hours for two inoperable channels is acceptable.

3.4.4 Risk Analysis — External Event Assessment

The proposed change to add an Action for two channels inoperable at the same time does not impact the
seismic or high wind fragility of the RPS or its susceptibility to fire or flooding events. Therefore, the
ability of the RPS to perform its actuation function with regard to external event mitigation is not
impacted. The concern with regard to external events is the impact of the small increase in signal
unavailability to event mitigation. The functions included in this program, as previously listed in

Table 3-1, are:

. Reactor Trip

Safety Injection

Containment Spray

Containment Isolation — Phase B

Steamline Isolation '

Turbine Trip and Feedwater Isolation
Auxiliary Feedwater

. Automatic Switchover to Containment Sump
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These functions are used to mitigate events related to a variety of internal events including LOCAs,
SGTRs, SSBs, loss of support systems, and general transients. External events can cause similar types of
events, but often include compromised or damaged equipment. The following sections discuss the impact
of the proposed change on risk from external events. The external events considered include seismic
events, fire events, and other external events. NUREG-1742 (Reference 15) is used as a source of
information to support this discussion.

3.4.4.1 Seismic Events

Subsection 2.3.1.3 of NUREG-1742 discusses the dominant contributors from seismic PRA models and
weak links from seismic margin assessments. These studies have identified that the most frequently
observed failures are related to offsite power, electrical system components, emergency diesel

generators (DGs), and DC batteries. Frequently observed failures included block walls; auxiliary, turbine,
and control room buildings; service water system; component cooling water system; auxiliary feedwater
system; residual heat removal system; condensate storage tank; and pump house/pump intake structure.
These failures can result in plant transient events and LOOP events that need to be mitigated, but they do
not cause LOCAs, SGTRs, or SSBs, although loss of service water or component cooling water can lead
to loss of RCP seal cooling and, therefore, an RCP seal LOCA.

Seismic events can cause a range of plant events depending on the seismic event level. At the high end of
the spectrum, a seismic event can potentially cause LOCA or SSB events, with mitigation equipment
failures. At the low end of the range, seismic events can cause LOOP and transient events without
mitigation equipment failure. Above this low end, a seismic event can cause loss of support systems and
small LOCAs due to instrument tube failures.

Considering the high end of the range, the frequencies of such events are extremely low and can be
associated with seismically induced failures of the mitigation systems, such as the emergency core.
cooling system (ECCS). The low frequency of these events coupled with the distinct possibility of failure
of mitigation equipment leads to the conclusion that the increase in signal unavailability due to the
proposed change will have no impact on plant risk from this level of seismic events for two reasons; the
frequency of these events is very low and if mitigation equipment has failed, the availability of signals to
start the failed equipment serves no purpose. In addition, the information presented in NUREG-1742
indicates that seismically induced LOCAs have not been identified as an issue.

Smali LOCAs can occur due to pipe breaks and other reasons, such as, failure of instrument lines. It may
be possible for a seismic event of an appropriate magnitude to cause a small LOCA via instrument line
failure, and not impact the mitigation systems. In this situation, the availability of the SI signal to start the
mitigation systems is required. But as noted above, instrument line failures were not found to be a failure
issue related to seismic events, therefore, the proposed change should have no impact on the risk from
small LOCAs.

Loss of service water and loss of component cooling water events can lead to RCP seal LOCAs that
require actuation of the ECCS system for mitigation. Mitigation also requires manual recovery of the
service water and component cooling water systems or manual alignment and actuation of backup
systems. Since the recovery actions require manual operation of components, operator actions dominate
these events and the SI signal plays essentially no role in mitigation of RCP seal LOCAs caused by loss of
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these support systems. In addition, the front line mitigation systems started by the SI signal require
service water and component cooling water for cooling. If these support systems are not available, then
the front line mitigation systems will fail and starting them via an SI signal serves no purpose. Therefore,
the proposed change will have no impact on the risk from loss of support systems that lead to RCP seal
LOCAs.

A LOOP event can occur due to a seismic event. For a LOOP event, the DGs are required to start and run,
AFW is required to start and run, and the seal injection system or component cooling water to the thermal
barrier heat exchanger needs to continue to run (load shed and then load back on the DG). The frequency
of a LOOP due to a seismic event can be estimated based on the ceramic insulators being the limiting
component. The high confidence of low probability of failure (HCLPF) value for ceramic insulators is
0.1g (Reference 16). The frequency of occurrence that corresponds to this is dependent on the plant
location, but the mean annual probability of exceedence of this ground acceleration is typically less than
5E-04/year (Reference 17). For a typical plant the LOOP initiating event frequency is 1E-02/yr. This is
significantly greater than a LOOP caused by a seismic event, therefore, the proposed change will have a
very small impact on plant risk. If the event proceeds to a station blackout, and the onsite AC power
sources fail, then recovery requires manual actions and the automatic start signals are not important.

It is also feasible that a seismic event, at the low end of the range, could not cause a LOOP, but could
cause a plant condition that results in a reactor trip. In this case the event is identical to a transient event
modeled in the internal event PRA model. The frequency of such transient events in the internal event
model is approximately 1 per year. The frequency of seismic events that could lead to this situation are
much lower. Therefore, it is concluded that the proposed change has essentially no impact on the plant
risk related to seismic events.

Based on the above discussion, the proposed change will not have an impact on plant risk related to
seismic events.

3.4.4.2 Fire Events

Subsection 3.3.2.3 of NUREG-1742 discusses the dominant contributors from fire vulnerability
assessments. These studies have determined that the dominant fire scenarios result in a plant transient.
The plant transients identified include loss of feedwater, main steam isolation valve (MSIV) closure, loss
of offsite power, and loss of support system transients. The loss of support system events include loss of
AC and DC electrical buses, loss of cooling water systems, loss of instrument air, and loss of heating,
ventilation, and air conditioning systems.

Fire events typically cause a reactor trip and compromise safety related equipment needed to mitigate the
plant event. As noted above, the events that typically result from fires are loss of feedwater, MSIV
closure, LOOP, and loss of support system transients. The loss of feedwater, MSIV closure, and LOOP
events require removal of decay heat, continued cooling the RCP seals, and plant shutdown. Decay heat
removal can be provided by recovery of the main feedwater system, automatic or manual actuation of
auxiliary feedwater system, or manual actuation of feed and bleed. The ESFAS signals are only required
to actuate the AFW system. Alternate methods to actuate AFW include ATWS Mitigation System
Actuation Circuitry (AMSAC) and operator action. Since the frequencies of fire are significantly lower
than the frequency of typical plant transient events (~1/year) and since there are multiple methods for
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decay heat removal and its actuation, the small increase in ESFAS unavailability related to the proposed
change will have only a very small impact on plant risk due to fire events.

LOCA events, as previously noted, are not significant contributors to fire risk, therefore, the small
changes to ESFAS signal unavailabilities related to LOCA mitigation (SI actuation, recirculation) provide
a negligible impact on plant risk. Fires do not initiate SGTR events and SSB events, therefore, the risk
impact from these events as initiated by fires due to the proposed changes is negligible.

A LOOP will be caused by fires in the switchyard and possibly with the electrical buses. LOOP mitigation
requires the start of the DGs. Signals to perform this action are not impacted by the proposed change.
Following start of the DGs, decay heat removal is required, and as discussed above for transient events,
there are a number of methods to provide this function given electrical power is available to the
mitigation equipment required to start. The frequency of LOOP events initiated from fires with damage to
mitigation equipment is expected to be significantly less than LOOP events that are weather related or
plant-centered related, therefore, the small impact on the unavailability of the ESFAS signals on plant risk
related to fire induced LOOP events is very small.

As noted above, fire-induced LOCAs were considered by plants, but were generally found not to be
important with the exception of RCP seal LOCAs. LOCA s related to spurious opening of power operated
relief valves or safety relief valves were generally not identified as significant contributors to fire-induced
plant risk. The lone exception to this was RCP seal LOCAs related to loss of support systems, such as,
service water and component cooling water. As noted in the seismic event discussion, loss of service
water and loss of component cooling water events require manual recovery of systems or manual
alignment and actuation of backup systems. Since the recovery actions require manual operation of
components, operator actions dominate these events and the RPS signals play no role in mitigation of
RCP seal LOCAs caused by loss of these support systems due to fire events. Based on this it is concluded
that the risk impact of the proposed change related to fire induced loss of service water and component
cooling water support systems is negligible.

From this it is concluded that fire related events primarily rely on operator actions for actuation of
mitigation equipment. In some cases actuation signals may be available that provide automatic equipment
actuation, but the primary approach to starting equipment for mitigation of fire initiated events is by
operator action. Based on this discussion, the proposed change will not have an impact on plant risk
related to fire events.

3.4.4.3 Other External Events

Other external events include high winds, external floods, events such as aircraft crashes and
transportation and nearby facility accidents. As reported in NUREG-1742, the typical dominant sequences
associated with high winds involved LOOP with random failure of emergency AC power. Other random
failures, as reported in the NUREG, include loss of service water, auxiliary feedwater, feed and bleed
cooling, and high pressure injection. None are specifically related to RPS actuation signals. LOOP with
subsequent failure of emergency AC power and failure of service water can lead to RCP seal LOCAs. As
discussed above, RCP seal LOCAs from loss of support system events require manual recovery of
systems or manual alignment and actuation of backup systems. Since the recovery actions require manual
operation of components, operator actions dominate these events and the RPS actuation signals play no
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role in mitigation of RCP seal LOCAs caused by loss of these support systems related to high wind .
events. From this it is concluded that the risk impact of the proposed change related to high winds is
negligible.

The dominant sequences associated with external floods involved LOOP which is assumed to be
irrecoverable. This would be followed by random failures, specifically failure of emergency DGs or
support systems, that would lead to core damage. LOCAs were not identified as potential events of
concern. If offsite power is lost and emergency onsite AC power or cooling water fails, then an RCP seal
LOCA could result, but as discussed above, mitigation of such events requires recovery of systemé via
operator actions, and the SI signal plays no role in mitigation of the event. Therefore, it is concluded that
the risk impact of the proposed change related to external flooding is negligible.

No other external events were identified that could lead to events in which the RPS actuation signals are
required for mitigation.

3.4.5 Monitoring Requirements

The purpose of performance monitoring is to ensure that no adverse safety degradation occurs because of
the proposed change. As stated in RG 1.174 “The staff’s principal concern is the possibility that the
aggregate impact of changes that affect a large class of structures, systems, or components (SSCs) could
lead to an unacceptable increase in the number of failures from unanticipated degradation....” The
monitoring program should be able to ensure that the analysis used to support the changes remains
consistent with the actual impact on the SSC reliability and availability. The monitoring program needs to
assess the performance of the SSCs that, when degraded, can affect the conclusions of the analysis used to
support the changes. The RG discussion continues “The program should be structured such that (1) SSCs
are monitored commensurate with their safety importance, i.e., monitoring for SSCs categorized as
having low safety significance may be less rigorous than that for SSCs of high safety significance, (2)
feedback of information and corrective actions is accomplished in a timely manner, and (3) degradation in
SSC performance is detected and corrected before plant safety can be compromised.”

Monitoring requirements need to be developed for parameters important in the analysis used to justify the
changes. There are two important assumptions in the analysis supporting this change related to the

performance of the analog channels. These are:

. Any two channels of a channel set (such as pressurizer pressure or SG level) are expected to be
unavailable at the same time once every five years.

. It will require 24 hours to return one of the two channels to an operable state, per the TSs.
Based on this, the two channel maintenance unavailability used in the analysis was:

(24 hours + 6 hours)/(5 years * 8760 hours/year)
6.85E-04

where:

6 hours is the time available to shut down to Mode 3
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Therefore, the parameters important to the analysis are 30 hours on a 5 year basis for any two channels of
a channel set. Note that this criterion should be applied to the average unavailability of two pairs of
channels from the channel set. For example, consider a channel set such as pressurizer pressure with

four channels (A, B, C, D). The combinations of two channels are AB, AC, AD, BC, BD, and CD. The
average outage times for the six pairs needs to be less than or equal to 30 hours in a 5 year rolling time
window. If a 2.5 year rolling time is used to obtain quicker feedback, then the average outage times for
the six pairs needs to be less than or equal to 15 hours.

This applies to the following channel sets:

. Power range neutron flux
. Overtemperature AT

. Overpower AT

. Pressurizer pressure

. SG water level

. Containment pressure

. RWST level

. Containment sump level

If these unavailability limits are exceeded, then the reason for the failures needs to be evaluated to -
determine if the analysis supporting the TS Action for two channels inoperable remains valid. The
analysis supporting the new TS Action can be verified to remain valid via either qualitative methods or a
quantitative sensitivity analysis. If the new TS Action can no longer be supported due to a high number of
simultaneous failures of channels in the same channel set, then the Action should not be used and
potential resolution paths need to be established to address two simultaneously inoperable channels.

3.4.6 Control and Protection System Interactions

As previously discussed, the RPS uses two-out-of-four logic for some functions to address control and
protection system interactions. With one channel out of service, a second channel used for both control
and protection could fail and initiate an event that requires this function for mitigation. Under this
scenario there are two operable channels to provide the protection function, that is, the
two-out-of-four logic, now reduced to two-out-of-two, can be met.

One identified concern was that when two of the four channels are inoperable there is the potential for a
third channel, that is being used for control, to fail which will initiate a transient requiring the protective
action of the protective function. Since there would be three channels inoperable, the two-out-of-four
logic cannot be met and the safety function will not be actuated. To address this issue, this program is
limited to two-out-of-four functions that are not used for control or that have backup instrumentation or
operator actions that will actuate the mitigation equipment consistent with the design basis analysis
requirements.

Figure 3-3 illustrates the approach used to identify signals that are included in the program. The five steps
are discussed in the following paragraphs. Table 3-1 lists all the functions that are being considered for
inclusion in the program. Table 3-17 provides a summary of the information discussed in the following
steps.
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Step 1: All the functions in TS 3.3.1 (RT System Instrumentation) and TS 3.3.2 (ESF Actuation System
Instrumentation) are initially considered.

Step 2: As previously discussed, this program is justifying an Action and CT for two channels inoperable
for functions with two-out-of-four logic. All other functions are eliminated. Table 3-1 lists all the
functions that meet this requirement.

Step 3: Functions used for protection only are included in the program. There are no issues related to
control and protection system interactions for these functions. Table 3-17 identifies those functions that
are used to support a control function. If there is no control function, then the function is included in the
program.

Step 4: For those functions that also perform a control function, it is possible to have two channels
inoperable, consistent with the proposed change, and a third fail that will cause an event that requires the
protection function for mitigation of the event. In these cases, the protection function will need to be
[initiated by another (backup) protection signal. Table 3-7 provides a list of the plant initiating events,
protection functions required for event mitigation, and the signals available to initiate the functions. Based
on the information provided in Table 3-7 most functions have a backup. The exceptions are noted in

Table 3-17.

Step 5: As in Step 4, for those functions that also perform a control function, it is possible to have two
channels inoperable, consistent with the proposed change, and a third fail that will cause an event that
requires the protection function for mitigation of the event. In many cases a backup protection signal will
be available to initiate the protection function. In those cases where a backup signal is not available, an
operator action may be available to initiate the protection function.

Based on the information provided in Table 3-17, it is concluded that all the protection functions with
two-out-of-four logic either:

. Do not perform a control function.

. For those that do perform a control function, there are either backup protection signals and/or
operator actions to initiate the protection function.

Therefore, it is acceptable to apply the proposed Action to all the functions in Technical Specifications
with two-out-of-four logic, as listed in Table 3-1.
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Step 1: All RT system
and ESF actuation
system instrumentation
\ 4
Step 2: Does the Signal not in
function use two- the program
out-of-four logic? No
Yes
 J
Step 3: Are the function Signal in the
inputs also used for a program
control function? No
Yes
v Step 5: Is a backup
Step 4: For event operator action _
mitigation, are backup available to actuate Signal not
signals available? the mitigation in the
No function? No program
Yes
v Yes
Signal in the 4
program Signal in the
program
Figure 3-3 Approach Used for Identifying Signals to be Considered in the Program
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Table 3-17 Summary of Instrumentation Function and Backup Signals
‘ Supports .
Control Backup Operator
Function Input Parameters Function Available Backup Function Action
3.3.1 Reactor Trip NIS power range detectors Yes Yes, for events that can credit RT on power NA
) range neutron flux — high (see Table 3-7),
2.a. Power range neutron flux —high there are backup functions that will also
provide the reactor trip function. ’
3.3.1 Reactor Trip NIS power range detectors Yes This function provides protection against NA
positive reactivity excursion from low power
2.b. Power range neutron flux ~ low or subcritical conditions. Dependent on the
power level, this protection is also provided
by intermediate range neutron flux or power
range neutron flux.
3.3.1 Reactor Trip NIS power range detectors Yes Yes, for events that can credit RT on power NA
P fl range neutron flux rate - high positive rate
131:a'h ower range neutron tlux rate — (see Table 3-7), there are backup functions
1gh positive rate that will also provide the reactor trip function.
3.3.1 Reactor Trip NIS power range detectors Yes This function provides protection against Yes, for this event
3b. P a multiple rod drop accidents from full power. sufficient time is
hi - Power range neutron tlux rate — available for operators to
gh negative rate initiate the RT function.
3.3.1 Reactor Trip Pressurizer pressure Yes Yes, for events that can credit RT on NA
6.0 rure AT Neutron flux lower and overtemperature AT (see Table 3-7), there are
- Overtemperature upper ion chambers backup functions that will also provide the
Cold leg temperature reactor trip function.
Hot leg temperature
3.3.1 Reactor Trip Neutron flux lower and Yes Yes, for events that can credit RT on NA

7. Overpower AT

upper ion chambers
Cold leg temperature
Hot leg temperature

overpower AT (see Table 3-7), there are
backup functions that will also provide the.
reactor trip function.
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Table 3-17 Summary of Instrumentation Function and Backup Signals
(cont.)
Supports
Control Backup Operator
Function Input Parameters Function Available Backup Function Action
3.3.1 Reactor Trip Pressurizer pressure Yes For most events that credit RT on pressurizer | Yes, for small and
) pressure — low (see Table 3-7), there are medium LOCAs, and

8.a. Pressurizer pressure — low backup functions that will also provide the SGTR, there is sufficient
reactor trip function. Exceptions to this are time for operators to
small and medium LOCAs and SGTR events | initiate the RT function.
which rely on this function for RT.

3.3.1 Reactor Trip Pressurizer pressure Yes Yes, for events that can credit RT on NA

. high pressurizer pressure — high (see Table 3-7),

8.b. Pressurizer pressure — hig there are backup functions that will also
provide the reactor trip function.

3.3.1 Reactor Trip SG level Yes Yes, for events that can credit RT on SG water | NA

G level - low 1 level — low low (see Table 3-7), there are

14. G water level ~ low low backup functions that will also provide the
reactor trip function.

3.3.2 Safety Injection Pressurizer pressure Yes For most events that can credit SI on Yes, for small and

1d.P . 1 pressurizer pressure — low (see Table 3-7), medium LOCAs, and

«d. FICSSUIIZEr pressure — low there are backup functions that will also SGTR, there is sufficient

provide the SI function. Exceptions to this are | time for operators to
small and medium LOCAs and SGTR events | initiate the SI function.
which rely on this function for SI.

3.3.2 Containment Spray Containment pressure No NA NA

2.c. Containment pressure high —

3 (high high)

3.3.2 Containment Isolation —Phase B | Containment pressure No NA NA

3.b.3. Containment pressure
high — 3 (high high)
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Table 3-17 Summary of Instrumentation Function and Backup Signals
(cont.)
Suppeorts
Control Backup Operator
Function Input Parameters Function Available Backup Function Action
3.3.2 Steamline Isolation Containment pressure No NA NA
4.c. Containment pressure — high 2
3.3.2 Turbine Trip and Feedwater SG lével Yés No, for excessive feedwater, feedwater line Yes, for excessive
Isolation isolation is initiated on SG water level —high | feedwater events, there is
o . high. sufficient time for
5.b. SG water level — high high operators to initiate
feedwater isolation.

3.3.2 Auxiliary Feedwater SG level Yes For some events AFW is initiated on SG water | Yes, for all events that '
6.c.SG level - Iow 1 level - low low (see Table 3-7). Depending on | require AFW, there is

€. 3G water level - low low the event, this signal could be developed from | sufficient time for

multiple SGs. But loss of AFW to a single SG | operators to initiate the
would rely on a single SG for AFW start. AFW function.

3.3.2 Automatic Switchover to RWST level No NA NA
Containment Sump coincident with SI
7.b. RWST level - low low
3.3.1 Automatic Switchover to RWST level No NA NA

Containment Sump coincident with SI
and coincident with Containment
Sump Level

7.c. RWST level — low low

Containment sump level - high

Containment sump level
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3.4.7 Tier 2: Avoidance of Risk-Significant Plant Conditions

The objective of the second tier, which is applicable to CT extensions and development, is to provide
reasonable assurance that risk-significant plant equipment outage configurations will not occur when
equipment is out of service. If risk-significant configurations do occur, then enhancements to Technical
Specifications or procedures such as limiting unavailability of backup systems, increased surveillance
frequencies, and upgrading procedures or training, can be made that avoid, limit, or lessen the importance
of these configurations.

No specific Tier 2 limitations related to risk-significant configurations are required.

Part of the basis for this analysis is confirmation that the remaining operable channels, in the channel set
of interest, are not inoperable due to common cause concerns across the four channels. A Tier 2
requirement, which will be implemented procedurally, will need to be developed to ensure consistency
with this basis.

3.4.8 Tier 3: Risk-Informed Plant Configuration Control and Management

The objective of the third tier is to ensure that the risk impact of out of service equipment is evaluated
prior to performing maintenance activities. As stated in RG 1.174, “a viable program would be one that is
able to uncover risk-significant plant equipment outage configurations as they evolve during real-time,
normal plant operation.” The third tier requirement is an extension of the second tier requirement, but
addresses the limitation of not being able to identify all possible risk-significant plant configurations in
the second tier evaluation.

The Tier 3 Evaluation discussion below is consistent with that contained in the Notice of Availability of |
the Proposed Models For Plant-Specific Adoption of Technical Specifications Task Force (TSTF) Traveler
TSTF-446, Revision 3, “Risk Informed Evaluation of Extensions to Containment Isolation Valve
Completion Times (WCAP-15791),” published in the Federal Register on July 13, 2010, as it applies to
the proposed TS changes. This establishes the requirements for a Tier 3 evaluation as discussed in

RG 1.177, Section 2.3.7.2. The same requirements are also acceptable for Tier 3 evaluations related to
two channels inoperable that were justified in this WCAP.,

[LICENSEE] has addressed a Tier 3 evaluation for [PLANT] by demonstrating conformance to the
requirements of the maintenance rule (i.e., 10 CFR 50.65(a)(4)) as the requirements relate to the proposed
TS changes and the guidance contained in the Nuclear Management and Resources Council NUMARC),
NUMARC 93-01, “Industry Guideline for Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants,” Revision 2, Section 11, dated April 1996, as endorsed by RG 1.182, “Assessing and Managing
Risk Before Maintenance Activities at Nuclear Power Plants,” dated May 2000. [LICENSEE] has
provided documentation on the [LICENSEE’S] maintenance rule program, with respect to the proposed
TS changes, and that the PRA quality is adequate for performing a Tier 3 evaluation.
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The licensee should describe the configuration risk management program (CRMP) or maintenance rule
(10 CFR 50.65(a)(4)) program (as appropriate), including how it reflects the current PRA model, any
simplifications or deviations in the CRMP model from the current plant PRA model, and methods to
update the CRMP to reflect the current plant-specific PRA model associated with implementing the
proposed TS changes.

The licensee will address the Tier 3 aspects of RG 1.177 including a description of the CRMP and
confirm that the licensee’s CRMP meets all aspects of Section 2.3.7.2, “Key Components of the CRMP,”
of RG 1.177.
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4 LIMITATIONS AND CONDITIONS

The following Limitations and Conditions are applicable to remain consistent with the analysis
assumptions and results.

1. Tier 2 requirements: It must be confirmed that the remaining operable channels, in the channel set
of interest, are not inoperable due to common cause concerns across the four channels. This
requirement will be implemented procedurally by licensees.

2. The plant specific HEPs for the operator actions listed in Table 3-11 are bounded by the values in
this table.
3. Monitoring requirements related to the unavailability of two channels in the same function must

be implemented as discussed in subsection 3.4.5. This will be controlled by licensee procedures,
not directed as a stipulation of the Technical Specifications.

4. One channel used for the plant control function must remain in service OR the plant should be
placed in manual control. This will be controlled by licensee procedures, not directed as a
stipulation of the Technical Specifications.

5. The Tier 3 requirement will be addressed by the plant’s CRMP that is used to address 10 CFR
50.65(a)(4) (Maintenance Rule).
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5 CONCLUSIONS

A risk-informed analysis was completed to develop the technical justification to support adding an Action
with the associated CT for two inoperable RTS or ESFAS channels for those RTS and ESFAS Functions
with a two-out-of-four logic. The following are the key conclusions.

1. A number of situations have occurred at plants that resulted in two channels, for a function with a
two-out-of-four logic, being inoperable. Although none have resulted in a plant shutdown, several
resulted in licensee requests for enforcement discretion and a number required the utilities to
initiate the preparation of an enforcement discretion request.

2. The proposed change is consistent with or does not impact the current regulations.

3. The proposed change is consistent with the defense-in-depth plant design philosophy. The
changes were assessed against the defense-in-depth elements defined in RG 1.177 and it was
concluded that all the elements are met.

4, The safety margins are not impacted by the proposed change. The safety analysis acceptance
criteria continue to be met and the proposed change does not allow the plant to operate in a
configuration outside of its design basis.

5. The proposed change is consistent with the single failure criterion by establishing a finite period
of time the plant is allowed to operate in this configuration.

6. The impact of the proposed change on plant risk for the applicable RTS and ESFAS functions,
those with two-out-of-four logic, was evaluated using a representative PRA model for a 24 hour
CT. The assessment demonstrated that the proposed change has an acceptably small impact on
CDF and LERF. In addition, the ICCDP and ICLERP values meet their acceptance criteria.

7. Monitoring requirements have been established to ensure that plants that implement this change
are operated consistent with the analysis supporting this proposed change.

8. The results of this analysis are applicable to all Westinghouse NSSS plants including those with
overtemperature N-16 and overpower N-16 reactor trips.
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ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME
P. One RTB train NOTE
inoperable. One train may be bypassed for up
to 4 hours for surveillance testing,
provided the other train is
OPERABLE.
P.1 Restore train to [24] hours
OPERABLE status.
OR
P.2 Be in MODE 3. [30] hours
Q. One or more channels Q1 Verify interfock is in 1 hour
inoperable. required state for existing
unit conditions.
OR
Q.2 Be in MODE 3. 7 hours
R. One or more channels R.1 Verify interlock is in 1 hour
inoperable. required state for existing
unit conditions.
OR
R.2 Be in MODE 2. 7 hours
S. One trip mechanism S.1 Restore inoperable trip 48 hours
inoperable for one RTB. mechanism to OPERABLE
status.
OR
S.2 Be in MODE 3. 54 hours
----- REVIEWER NOTE-—- | T.1 Place one channel in trip. 24 hours
Implementation of this
Condition must be OR
consistent with WCAP-
December 2011
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17261-P, “Justification for a T.2 Be in MODE 3. 30 hours
Technical Specification
Action for Two Inoperable
RTS or ESFAS
Instrumentation Channels.”

N[0 Y N ——
Not applicable when second
channel intentionally made
inoperable.

T __Two channels
inoperable.

--——-REVIEWER NOTE-—-- U.1 Place one channel in trip. 24 hours
Implementation_of this
Condition must be OR
consistent with WCAP-
17261-P, “Justification for a u.2 Reduce THERMAL
Technical Specification POWER to < P-7. 30 hours
Action for Two Inoperable
RTS or ESFAS
Instrumentation Channels.”

NN \ o § | -S—

Not applicable when second
channel intentionally made

inoperable.

U. Two channels
inoperable
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Table 3.3.1-1 (page 1 of 8)
Reactor Trip System Instrumentation
APPLICABLE MODES
OR OTHER [NOM|NAL(|)
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
1. Manual Reactor Trip 1,2 2 B SR 3.3.1.14 NA NA
3@ 4@ 5@ 2 C SR 3.3.1.14 NA NA
2. Power Range
Neutron Flux
a. High 1,2 4 DM SR 3.3.1.1 <[111.2]% [109]% RTP
SR 3312 RTP
SR 3.3.1.700
SR 3.3.1.11®X9
SR 3.3.1.16
b. Low 19 4 EMM SR 3.3.1.1 <[27.21% RTP  [25]% RTP
SR 3.3.1.80©
SR 3.3.1.11%X)
SR 3.3.1.16
3. Power Range
Neutron Flux Rate
a. High Positive 1,2 4 EN SR3.3.1.79€)  <[6.8]% RTP [5]% RTP with
Rate SR 3.3.1.11®%  withtime  time constant
constant 2 [2] sec
Z [2] sec
b. High Negative 1,2 4 E[M SR 3.3.1.7%6C)  <[6.8]% RTP [5]% RTP with
Rate SR3.3.1.110%)  withtime  time constant
SR 3.3.1.16 constant 2 [2] sec
2 [2] sec
(a) With Rod Control System capable of rod withdrawal or one or more rods not fully insert.
(b) If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to verify that it is
functioning as required before returning the channel to service.
(c) The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip Setpoint (NTSP)

at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints more conservative than the
NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual setpoint implemented in the Surveillance
procedures (field setting) to confirm channel performance. The NTSP and the methodologies used to determine the as-found and
as-left tolerances are specified in [insert the facility FSAR reference or the name of any document incorporated into the facility FSAR

by reference].

(d) Below the P-10 (Power Range Neutron Flux) interfocks.

REVIEWER'S NOTE

(1) Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by the unit.

WCAP-17261-NP
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-5

Table 3.3.1-1 (page 2 of 8)
Reactor Trip System Instrumentation

APPLICABLE MODES

OR OTHER [NOMINAL®
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
4. Intermediate Range 1@ o) 2 F.G SR 3.3.1.1 <[311% RTP  [25]% RTP
Neutron Flux SR 3.3.1.8®%
SR 3.3.1.11°0
5. Source Range 20 2 H,I SR 3.3.1.1 <[1.4E5lcps [1.0 E5]cps
Neutron Flux SR 3.3.1 .8(b)(c)
SR 3.3.1.110X
SR 3.3.1.16
3@ 4@ 5@ 2 1,J SR 3.3.1.1 <[1.4E5]cps [1.0ES5]cps
SR 3.3.1.700)
SR 3.3.1.11X)
SR 3.3.1.16
I 6. Over[emperature AT 1,2 [4] EJII SR 3311 Refer to Refer to
SR 3.3.1.3 Note 1 (Page  Note 1 (Page
SR 3.3.16 b 3.3.1-19) 3.3.1-19)
SR 3.3.1.70)
SR 3.3.1.120%9)
SR 3.3.1.16
| 7. Overpower AT 1,2 [4] E.[Tl SR 3.3.1.1 ®)(©) Refer to Refer to
SR3.3.1.7 (b)) Note 2 (Page  Note 2 (Page
SR 3.3.1.12 3.3.1-20) 3.3.1-20)
SR 3.3.1.16
(a) With Rod Control System capable of rod withdrawal or one or more rods not fully insert.
(b) If the as-found channet setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to verify that it is
functioning as required before returning the channel to service.
(c) The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip Setpoint (NTSP)
at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints more conservative than the
NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual setpoint implemented in the Surveillance
procedures (field setting) to confirm channel performance. The NTSP and the methodologies used to determine the as-found and
as-left tolerances are specified in [insert the facility FSAR reference or the name of any document incorporated into the facility FSAR
by reference].
(d) Below the P-10 (Power Range Neutron Flux) interlocks.
(e) Above the P-6 (intermediate Range Neutron Flux) interlocks.
® Below the P-6 (Intermediate Range Neutron Flux) interlocks.

REVIEWER’S NOTE

(1) Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by the unit.
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WESTINGHOUSE NON-PROPRIETARY CLASS 3

Table 3.3.1-1 (page 3 of 8)
Reactor Trip System Instrumentation

A-6

APPLICABLE MODES

OR OTHER [NOM|NAL(I)
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
8. Pressurizer Pressure
a. Low 1™ [4] KUl SR331.1, . =[1886]psig  [1900] psig
SR 3.3.1.7X9)
SR 3.3.1.10®1@
SR 3.3.1.16
b. High 1,2 [4] EM SR33.1.1, <[2396] psig  [2385] psig
SR 3.3.1.700©)
SR 3.3.1.10%0©
SR 3.3.1.16
9. Pressurizer Water 19 3 K SR33.110.  S[9381% [921%
Level - High SR3.3.1.7 (b)c)
SR 3.3.1.10
10. Reactor Coolant 1@ 3 per loop K SR33.1.1, ., 2[8921% [90]%
Flow - Low SR3.3.1.7 (b)c)
SR 3.3.1.10
SR 3.3.1.16
11. Reactor Coolant
Pump (RCP) Breaker
Position
a. Single Loop 1™ 1 per RCP L SR 3.3.1.14 NA NA
b. Two Loops 10 1 per RCP M SR 3.3.1.14 NA NA
12. Undervoltage RCPs 149 [3] per bus K SR3319 . 2[4760]V [4830] V
SR 3.3.1.10
SR 3.3.1.16

(b)

(©

(9
(h)
(M

If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to verify that it is

functioning as required before returning the channel to service.

The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip Setpoint (NTSP)
at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints more conservative than the
NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual setpoint implemented in the Surveillance
procedures (field setting) to confirn channel performance. The NTSP and the methodologies used to determine the as-found and
as-left tolerances are specified in [insert the facility FSAR reference or the name of any document incorporated into the facility FSAR

by reference].
Above the P-7 (Low Power Reactor Trips Block) interlock.

Above the P-8 (Power Range Neutron Flux) interlock.

Above the P-7 (Low Power Reactor Trips Block) interlock and below the P-8 (Power Range Neutron Flux) interlock.

REVIEWER'S NOTE

(1) Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by the unit.

WCAP-17261-NP
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WESTINGHOUSE NON-PROPRIETARY CLASS 3

Table 3.3.1-1 (page 4 of 8)

Reactor Trip System Instrumentation

A-7

APPLICABLE MODES

OR OTHER [NOM'NAL(I)
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
13. Underfrequency 19 [3] per bus K SR 3.3.1.9 2[57.1]Hz  [57.5]Hz
RCPs SR331. 10('3)(0)
SR 3.3.1.16
14. Steam Generator 1,2 [4perSG]  EMI SR 3.3.1.1 2 [30.4]% 132.31%
(SG) Water Level SR 3.3.1.700©
Low Low SR 3.3.1.10%1©
SR 3.3.1.16
15. SG Water Level - 1,2 2 per SG E SR 3.3.1.1 2 [30.4]% [32.3]1%
Low SR 3.3.1.70)©)
SR 3.3.1.100X)
SR 3.3.1.16
Coincident with 1,2 2 per SG E gs gg e S14250% ful{ [4010/5 ful
?Itgv?/;r:eedwater Flow SR 3.3.1.100% ® eag_ﬂgw ° stearél_ngw @
Mismatch SR 3.3.1.16
16. Turbine Trip
a. Low Fluid Oil 19 3 N SR331. }g(b)@ 2[750] psig  [800] psig
Pressure 31,
b. Turbine Stop 10) 4 N gg gg} 1g 2 [1]% open [1]% open
Valve Closure AR
17. Safety Injection (SI) 1,2 2 trains 0] SR 3.3.1.14 NA NA

Input from
Engineered Safety
Feature Actuation
System (ESFAS)

(b)

()

)]
0

If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to verify that it is

functioning as required before returning the channel to service.

The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip Setpoint (NTSP)
at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints more conservative than the
NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual setpoint implemented in the Surveillance
procedures (field setting) to confirm channel performance. The NTSP and the methodologies used to determine the as-found and
as-left tolerances are specified in [insert the facility FSAR reference or the name of any document incorporated into the facility FSAR

by reference].

Above the P-7 (Low Power Reactor Trips Block) interlock.

Above the P-9 (Power Range Neutron Flux) interlock.

REVIEWER'S NOTE

(1) Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by the unit.

WCAP-17261-NP

December 2011
Revision 0



BASES

WESTINGHOUSE NON-PROPRIETARY CLASS 3

RTS Instrumentation (Without Setpoint Control Program)
B 3.3.1A

ACTIONS (continued)

S.1and S.2

Condition S applies to the RTB Undervoltage and Shunt Trip
Mechanisms, or diverse trip features, in MODES 1 and 2. With one of the
diverse trip features inoperable, it must be restored to an OPERABLE
status within 48 hours or the unit must be placed in a MODE where the
requirement does not apply. This is accomplished by placing the unit in
MODE 3 within the next 6 hours (54 hours total time). The Completion
Time of 6 hours is a reasonable time, based on operating experience, to
reach MODE 3 from full power in an orderly manner and without
challenging unit systems. With the unit in MODE 3, ACTION C would
apply to any inoperable RTB trip mechanism. The affected RTB shall not
be bypassed while one of the diverse features is inoperable except for the
time required to perform maintenance to one of the diverse features. The
allowable time for performing maintenance of the diverse features is

2 hours for the reasons stated under Condition P.

The Completion Time of 48 hours for Required Action S.1 is reasonable
considering that in this Condition there is one remaining diverse feature
for the affected RTB, and one OPERABLE RTB capable of performing the
safety function and given the low probability of an event occurring during
this interval.

T.1andT.2

Condition T applies to the following reactor trip Functions:

Power Range Neutron Flux - High

Power Range Neutron Flux - Low

Power Range Neutron Flux Rate — High Positive Rate
Power Range Neutron Flux Rate — High Negative Rate
Overtemperature AT

Overpower AT

Pressurizer Pressure — High

SG Water Level — Low Low

Condition T is modified by a Note that states that the Condition is not
applicable if the second channel is intentionally made inoperable. The
Required Action is not intended for voluntary removal of redundant
channels from service. The Required Action is only applicable if one
channel is inoperable for any reason, and the second channel is found
inoperable, or if both channels are found to be inoperable at the same
time.

With 2 inoperable channels, one channel must be placed in trip within
24 hours. The 24 hour Completion Time is justified in Reference 14.

Westinghouse STS
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-9

RTS Instrumentation (Without Setpoint Control Program)
B 3.3.1A

Failure o place one inoperable channel in trip within 24 hours requires
the unit be placed in MODE 3 within 30 hours.

The allowed Completion Time is reasonable based on operating

experience, to place the unit in MODE 3 from full power in an orderty
manner and without challenging unit systems. In MODE 3, the Function

is no longer required OPERABLE.
U.1and U.2

Condition U applies to the Pressurizer Pressure - Low reactor trip
Function.

Condition U is modified by a Note that states that the Condition is not
applicable if the second channel is intentionally made inoperable. The
Required Action is not intended for voluntary removal of redundant
channels from service. The Required Action is only applicable if one
channel is inoperable for any reason, and the second channel is found
inoperable, or if both channels are found to be inoperable at the same
time.

With 2 inoperable channels, one channel must be placed in trip within
24 hours. The 24 hour Completion Time is justified in Reference 14.

Failure to place one inoperable channel in trip within 24 hours requires
THERMAL POWER to be reduced below P-7 within 30 hours.

The allowed Completion Time is reasonable based on operating
experience, to reduce THERMAL POWER below P-7 from full power in
an orderly manner and without challenging unit systems. With THERMAL
POWER below P-7, the Function is no longer required OPERABLE.

SURVEILLANCE
REQUIREMENTS

REVIEWER'S NOTE
In Table 3.3.1-1, Functions 11.a and 11.b were not included in the generic
evaluations approved in either WCAP-10271, as supplemented, or
WCAP-14333. In order to apply the WCAP-10271, as supplemented, and
WCAP-14333 TS relaxations to plant specific Functions not evaluated
generically, licensees must submit plant specific evaluations for NRC
review and approval.

REVIEWER'S NOTE
Notes b and ¢ are applied to the setpoint verification Surveillances for
each RTS instrumentation Function in Table 3.3.1-1 unless one or more
of the following exclusions apply:

1. Manual actuation circuits, automatic actuation logic circuits or
instrument functions that derive input from contacts which have no

Westinghouse STS
WCAP-17261-NP

B 3.3.1A-48 Rev. 4.0
December 2011
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-10

RTS Instrumentation (Without Setpoint Control Program)
B 3.3.1A

BASES

SURVEILLANCE REQUIREMENTS (continued)
SR 3.3.1.16

SR 3.3.1.16 verifies that the individual channel/train actuation response
times are less than or equal to the maximum values assumed in the
accident analysis. Response time testing acceptance criteria are
included in Technical Requirements Manual, Section 15 (Ref. 4415).
Individual component response times are not modeled in the analyses.

The analyses model the overali or total elapsed time, from the point at
which the parameter exceeds the trip setpoint value at the sensor to the
point at which the equipment reaches the required functional state (i.e.,
control and shutdown rods fully inserted in the reactor core).

For channels that include dynamic transfer Functions (e.g., lag, lead/lag,
rate/lag, etc.), the response time test may be performed with the transfer
Function set to one, with the resulting measured response time compared
to the appropriate FSAR response time. Alternately, the response time
test can be performed with the time constants set to their nominal value,
provided the required response time is analytically calculated assuming
the time constants are set at their nominal values. The response time
may be measured by a series of overlapping tests such that the entire
response time is measured.

REVIEWER'S NOTE
Applicable portions of the following Bases are applicable for plants
adopting WCAP-13632-P-A and/or WCAP-14036-P.

Response time may be verified by actual response time tests in any
series of sequential, overlapping or total channel measurements, or by
the summation of allocated sensor, signal processing and actuation logic
response times with actual response time tests on the remainder of the
channel. Allocations for sensor response times may be obtained from:
(1) historical records based on acceptable response time tests (hydraulic,
noise, or power interrupt tests), (2) in place, onsite, or offsite (e.g.,
vendor) test measurements, or (3) utilizing vendor engineering
specifications. WCAP-13632-P-A, Revision 2, "Elimination of Pressure
Sensor Response Time Testing Requirements," (Ref. 10) provides the
basis and methodology for using allocated sensor response times in the
overall verification of the channel response time for specific sensors
identified in the WCAP. Response time verification for other sensor types
must be demonstrated by test.

Westinghouse STS B 3.3.1A-67 Rev. 4.0
December 2011
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BASES

WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-11

RTS Instrumentation (Without Setpoint Control Program)
B 3.3.1A

SURVEILLANCE REQUIREMENTS (continued)

[ WCAP-14036-P, Revision 1, "Elimination of Periodic Protection Channel
Response Time Tests," (Ref. 4516) provides the basis and methodology
for using allocated signal processing and actuation logic response times
in the overall verification of the protection system channel response
time. ] The allocations for sensor, signal conditioning, and actuation logic
response times must be verified prior to placing the component in
operational service and re-verified following maintenance that may
adversely affect response time. In general, electrical repair work does not
impact response time provided the parts used for repair are of the same
type and value. Specific components identified in the WCAP may be
replaced without verification testing. One example where response time
could be affected is replacing the sensing assembly of a transmitter.

[ As appropriate, each channel's response must be verified every

[18] months on a STAGGERED TEST BASIS. Testing of the final
actuation devices is included in the testing. Response times cannot be
determined during unit operation because equipment operation is
required to measure response times. Experience has shown that these
components usually pass this surveillance when performed at the

18 months Frequency. Therefore, the Frequency was concluded to be
acceptable from a reliability standpoint.

OR

The Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

REVIEWER'S NOTE
Plants controlling Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

SR 3.3.1.16 is modified by a Note stating that neutron detectors are
excluded from RTS RESPONSE TIME testing. This Note is necessary
because of the difficulty in generating an appropriate detector input
signal. Excluding the detectors is acceptable because the principles of
detector operation ensure a virtually instantaneous response.

REFERENCES 1.  Regulatory Guide 1.105, Revision 3, "Setpoints for Safety Related
Instrumentation.”
2. FSAR, Chapter [7].
3. FSAR, Chapter [6].
Westinghouse STS B 3.3.1A-68 Rev. 4.0
December 2011
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BASES

WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-12

RTS Instrumentation (Without Setpoint Control Program)
B 3.3.1A

REFERENCES (continued)

4. FSAR, Chapter [15].
5. |IEEE-279-1971.
6. 10 CFR 50.49.
7.  Plant specific setpoint methodology study.
8. WCAP-14333-P-A, Rev. 1, October 1998.
9. WCAP-10271-P-A, Supplement 1, May 1986.
10.  WCAP-13632-P-A, Revision 2, "Elimination of Pressure Sensor
Response Time Testing Requirements,” January 1996.
11. [ Plant specific evaluation reference.]
12.  WCAP-10271-P-A, Supplement 2, June 1990.
13. WCAP-15376, Rev. 0, October 2000.
14. WCAP-17261-P, Revision 0, “Justification for a Technical
Specification Action for Two Inoperable RTS or ESFAS
Instrumentation Channels,” December 2011.
| 4415.  Technical Requirements Manual, Section 15, "Response Times."
| 1516 WCAP-14036-P, Revision 1, "Elimination of Periodic Protection
Channel Response Time Tests," December 1995.
Westinghouse STS B 3.3.1A-69 Rev. 4.0
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-13

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

K. One channel inoperable. | [ --——------—-—-- NOTE--—---=--meemememn
One additional channel may be
bypassed for up to [4] hours for
surveillance testing.

The below Note should be used for
plants with installed bypass test
capability:

One channel may be bypassed for
up to 12 hours for surveillance

testing.
]
KA Place channel in bypass. [6] hours
OR
K.2.1 Bein MODE 3. [12] hours
AND
K.2.2 Bein MODE 5. [42] hours
L. One or more channels L1 Verify interlock is in 1 hour
inoperable. required state for existing

unit condition.

OR
L.2.1 Bein MODE 3. 7 hours
AND

L.2.2 Bein MODE 4. 13 hours
--—-REVIEWER NOTE-—- M.1 Place one channel in trip. 24 hours
Implementation of this
Condition must be OR
consistent with WCAP-
17261-P, “Justification for a M.2.1  Bein MODE 3 30 hours
Technical Specification

December 2011
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WESTINGHOUSE NON-PROPRIETARY CLASS 3

A-14

Action for Two Inoperable

AND

RTS or ESFAS
Instrumentation Channels.”

M.2.2 Bein MODE 4.

NOTE

Not applicable when second
channel intentionally made

inoperable.

M. Two channels
inoperable.

36 hours

—-—-REVIEWER NOTE-—--

N.1 Place one channel in trip.

24 hours

Implementation of this
Condition must be
consistent with WCAP-
17261-P, “Justification for a

N.2 Be in MODE 3.

Technical Specification
Action for Two Inoperable
RTS or ESFAS
Instrumentation Channels.”

NOTE
Not applicable when second
channel intentionally made

inoperable.

N. Two channels
inoperable.

30 hours

--—-REVIEWER NOTE------

0.1 Place one channel in trip.

24 hours

Implementation of this
Condition must be

consistent with WCAP-
17261-P, “Justification for a

OR

0.2.1 Bein MODE 3

Technical Specification

Action for Two Inoperable
RTS or ESFAS

Instrumentation Channels.”

AND

0.2.2 Bein MODE 5.

NOTE

Not applicable when second
channel intentionally made

inogerable.

30 hours

60 hours

WCAP-17261-NP
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-16

Table 3.3.2-1 (page 1 of 11)
Engineered Safety Feature Actuation System Instrumentation

APPLICABLE MODES

OR OTHER [NOMINAL®
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS ~ CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
1. Safety Injection
a. Manual Initiation 1,2,3,4 2 B SR 3.3.28 NA NA
b. Automatic 1,2,3,4 2 trains C SR 3.3.22 NA NA
Actuation Logic SR 33.24
and Actuation SR 3.3.26
Relays
c. Containment 1,2,3 3 D SR 3.3.21 < [3.86] psig [3.6] psig
Pressure - SR 3.3.2.50X
High 1 SR 3.3.29%0)
SR 3.3.2.10
d. Pressurizer 12,3®@ 3] D.[M] SR 3.3.2.1 2[1839] psig  [1850] psig
Pressure - Low SR 3.3.2.501
SR 3.3.2.900
SR 3.3.2.10
e. Steam Line
Pressure
(1) Low 1,2,3 @l 3 per D SR 3.3.2.1 2635 psig  [675]“ psig
steam line SR 3.3.2501
SR 3.3.2.9®00@
SR 3.3.2.10
(2) High 12,3 3 per D [SR 3.3.2.1 < [106] psig [97] psig
Differential steam line SR 3.3.25®))
Pressure SR 3.3.2.9)Xe)
Between SR 3.3.2.10
Steam Lines

(a)
(b)

(c)

(d)

Above the P-11 (Pressurizer Pressure) interlock.

If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to
verify that it is functioning as required before returning the channel to service.

The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip
Setpoint (NTSP) at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints
more conservative than the NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual
setpoint implemented in the Surveillance procedures (field setting) to confirm channel perfformance. The NTSP and
the methodologies used to determine the as-found and as-left tolerances are specified in [insert the facility FSAR
reference or the name of any document incorporated into the facility FSAR by reference].

Time constants used in the lead/iag controller are t; 2 [50] seconds and t2 < [5] seconds.

REVIEWER'S NOTE

U]

Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by
the unit.

December 2011

WCAP-17261-NP Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-17

Table 3.3.2-1 (page 3 of 11)
Engineered Safety Feature Actuation System Instrumentation

APPLICABLE MODES

OR OTHER [NOMINAL(I)
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
2. Containment Spray
NA NA
b. Automatic 1,234 2 trains Cc SR 3.3.2.2
Actuation Logic SR 3.3.24
and Actuation SR 33.26
Relays
c. Containment 12,3 4 E,[M] SR 3.3.21, <[12.31] psig  [12.05] psig
i SR 332500
Prﬁsﬁrﬁﬂ ;?h i SR 3.3.2.920)
3 (High High) SR 3.3.2.10
d. Containment 1,2,3 [3] sets of E SR 3.3.21 £[12.31] psig  [12.05] psig
: 2] SR 3.3.2.500
Pressure High - SR 5 9b)e)
3 (Two Loop SR 33210
Plants) 3.3
3. Containment
Isolation
a. Phase A
Isolation
(1) Manual 1,2,3,4 2 B SR 3.3.2.8 NA NA
Initiation
(2) Automatic 12,34 2 trains C SR 3.3.22 NA NA
Actuation Logic SR 3.3.24
and Actuation SR 3.3.26
Relays
(3) Safety Injection Refer to Function 1 (Safety Injection) for all initiation functions and requirements.
(b) If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to
verify that it is functioning as required before returning the channel to service.
(c) The instrument channet setpoint shall be reset to a value that is within the as-left tolerance around the Nomina! Trip

Setpoint (NTSP) at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints
more conservative than the NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual
setpoint implemented in the Surveillance procedures (field setting) to confirm channel performance. The NTSP and
the methodologies used to determine the as-found and as-left tolerances are specified in [insert the facility FSAR
reference or the name of any document incorporated into the facility FSAR by reference).

REVIEWER'S NOTE
) Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by
the unit.

December 2011
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-18
Table 3.3.2-1 (page 4 of 11)
Engineered Safety Feature Actuation System Instrumentation
APPLICABLE MODES
OR OTHER [NOM'NALU)
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT)
3. Containment
Isolation
b. PhaseB
Isolation
(1) Manual 1,234 2 per train, B SR 3.3.2.8 NA NA
Initiation 2 trains
(2) Automatic 1,2,34 2 trains c SR 3.3.2.2 NA NA
Actuation Logic SR 3.3.24
and Actuation SR 3.3.26
Relays
{3) Containment 12,3 (4] E.M] SR 33.21 . . s[1231]psig [12.05] psig
i SR 3325009
Pressure High R > o)
- 3 (High High) SR 3.3.2.
SR 3.3.2.10
4. Steam Line Isolation
a. Manual Initiation 12030 2 F SR 3.3.28 NA NA
b. Automatic 12030 2 trains G SR 3322 NA NA
Actuation Logic SR 3.3.24
and Actuation SR 3.3.26
Relays
c. Containment 12030 [4] . D.M] SR 3321, . <[6.61]psig  [6.35] psig
Pressure - High SR 3.3.250
2 SR 3.3.2.90))
SR 3.3.2.10
(b) If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to
verify that it is functioning as required before returning the channel to service.
(c) The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip

Setpoint (NTSP) at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints
more conservative than the NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual
setpoint implemented in the Surveillance procedures (field setting) to confirm channel performance. The NTSP and
the methodologies used to determine the as-found and as-left tolerances are specified in [insert the facility FSAR
reference or the name of any document incorporated into the facility FSAR by reference].

)] Except when all MSIVs are closed and [de-activated].
REVIEWER'S NOTE
0] Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by
the unit.
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Table 3.3.2-1 (page 8 of 11)
Engineered Safety Feature Actuation System Instrumentation

APPLICABLE MODES
OR OTHER [NOMINAL®
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
5. Turbine Trip and

Feedwater Isolation
a. Automatic 1,20 31® 2 trains HIG] SR 3.3.2.2 NA NA

Actuation Logic SR 3.3.24

and Actuation SR 3.3.2.6

Relays
b. SGWaterLevel-  12%@%  [3]persc LINI[DM] SR 3321, SB42%  [B24M%

) . 14 3.2,
High High (P-14) SR 3.3.2.9®%©
SR 3.3.2.10
c. Safety Injection Refer to Function 1 (Safety Injection) for all initiation functions and requirements.
6. Auxiliary Feedwater

a. Automatic 1,2,3 2 trains G SR 3322 NA NA

Actuation Logic SR 3.3.24

and Actuation SR 3326

Relays (Solid

State Protection

System)
b. Automatic 1,2,3 2 trains G SR 3323 NA NA

Actuation Logic

and Actuation

Relays (Balance

of Plant ESFAS)

(b) If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to
verify that it is functioning as required before returning the channel to service.

(c) The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip
Setpoint (NTSP) at the completion of the surveillance; otherwise, the channe! shall be declared inoperable. Setpoints
more conservative than the NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual
setpoint implemented in the Surveillance procedures (field setting) to confirm channel performance. The NTSP and
the methodologies used to determine the as-found and as-left tolerances are specified in [insert the facility FSAR
reference or the name of any document incorporated into the facility FSAR by reference].

(k) Except when alt MFIVs, MFRVSs, [and associated bypass valves] are closed and [de-activated] [or isolated by a
closed manual valve].

REVIEWER'S NOTE
)] Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by

the unit.
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WESTINGHOUSE NON-PROPRIETARY CLASS 3

Table 3.3.2-1 (page 9 of 11)

Engineered Safety Feature Actuation System Instrumentation

A-20

APPLICABLE MODES
OR OTHER [NOM|NAL(')
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]
6. Auxiliary Feedwater
c. SG Water Level - 1,2,3 [3] per SG D,[M] SR 3.3.21 2 [30.41% [32.2]%
SR 3.3.2.5(%)
Low Low (b)c)
SR 3.3.29
SR 3.3.2.10

d. Safety Injection

Refer to Function 1 (Safety Injection) for all initiation functions and requirements.

e. Loss of Offsite 1,2,3 [3] per bus F SR 3.3.2. 7(b)(c) 22912}V [2975] V with

Power SR 3.3.29 with < 0.8 sec < 0.8 sec time
SR 3.3.2.10 time delay delay

f.  Undervoltage 1,2 [3] per bus | SR 3.3.2. 7(b)(c) 2 [69]% bus [70]% bus
Reactor Coolant gg g g g ?0 voltage voltage
Pump

g. Trip of all Main 12 [2] per J SR 33280 > ]psig [ 1psig
Feedwater pump SR 3.3.2.g0X0)

h. Auxiliary 1,23 {2] F gs gg% ; 2[20.53] [psia] [ ]l[psia]
Feedwater Pump ®)e)
Suction Transfer SR 3.3.29
on Suction
Pressure - Low

7. Automatic

Switchover to

Containment Sump

a. Automatic 1,234 2 trains C SR 3.3.2.2 NA NA
Actuation Logic SR 3324
and Actuation SR 3.3.26
Relays

(b) If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to

(©)

verify that it is functioning as required before returning the channel to service.

The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip
Setpoint (NTSP) at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints
more conservative than the NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual
setpoint implemented in the Surveillance procedures (field setting) to confirm channel performance. The NTSP and
the methodologies used to determine the as-found and as-left tolerances are specified in [insert the facility FSAR
reference or the name of any document incorporated into the facility FSAR by reference].

REVIEWER'S NOTE

V)

Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by
the unit.
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Table 3.3.2-1 (page 10 of 11)
Engineered Safety Feature Actuation System Instrumentation

APPLICABLE MODES

OR OTHER [NOMINAL®
SPECIFIED REQUIRED SURVEILLANCE  ALLOWABLE TRIP
FUNCTION CONDITIONS CHANNELS CONDITIONS REQUIREMENTS VALUE SETPOINT]

7. Automatic
Switchover to
Containment Sump

b. Refueling Water 1,234 4 KOl SR 3.3.2. 1(b)(c) 2[15]%and [ 1% and [ 1%
Storage Tank SR 3.3.25 %
SR 332900
(RWST) Level - SR 3329
Low Low L.

Coincident with Refer to Function 1 (Safety Injection) for all initiation functions and requirements.

Safety Injection

RWST Level - 1,2,3.4 4 KJO] SR 3.3.2.1 2 [15]% [18]%
b))
Low Low SR 3.3.25
SR 3.3.2.900
SR 3.3.2.10

Coincident with Refer to Function 1 (Safety Injection) for all initiation functions and requirements.

Safety Injection

and

Coincident with 1,234 4 KIO] gs g g % ;(b)(c) zb[30] inl. [1] irll. abfct)ve
gontaifmerft SR 3.3.2.900© a[7%v:$i f ot
b SR 3.3.210

(b)

(©)

If the as-found channel setpoint is outside its predefined as-found tolerance, then the channel shall be evaluated to
verify that it is functioning as required before returning the channel to service.

The instrument channel setpoint shall be reset to a value that is within the as-left tolerance around the Nominal Trip
Setpoint (NTSP) at the completion of the surveillance; otherwise, the channel shall be declared inoperable. Setpoints
more conservative than the NTSP are acceptable provided that the as-found and as-left tolerances apply to the actual
setpoint implemented in the Surveillance procedures (field setting) to confirm channel performance. The NTSP and
the methodologies used to determine the as-found and as-left tolerances are specified in [insert the facility FSAR
reference or the name of any document incorporated into the facility FSAR by reference].

)

REVIEWER'S NOTE
Unit specific implementations may contain only Allowable Value depending on Setpoint Study methodology used by
the unit.
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Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

BASES

ACTIONS (continued)

allowed by LCO 3.0.3 to initiate shutdown actions in the event of a
complete loss of ESFAS function. If the interlock is not in the required
state (or placed in the required state) for the existing unit condition, the
unit must be placed in MODE 3 within the next 6 hours and MODE 4
within the following 6 hours. The allowed Completion Times are
reasonable, based on operating experience, to reach the required unit
conditions from full power conditions in an orderly manner and without
challenging unit systems. Placing the unit in MODE 4 removes all
requirements for OPERABILITY of these interlocks.

M.1, M.2.1, and M.2.2

Condition M applies to:

e Pressurizer Pressure — Low
Containment Spray Containment Pressure - High 3 (High, High),
Containment Phase B Isolation Containment Pressure - High 3 (High,
High).
Containment Pressure — High 2,
[SG Water Level — High High {P-14)], and
SG Water Level — Low Low.

Condition M is modified by a Note that states that the Condition is not
applicable if the second channel is intentionally made inoperable. The
Required Action is not intended for voluntary removal of redundant
channels from service. The Required Action is only applicable if one
channel is inoperable for any reason, and the second channel is found
inoperable, or if both channels are found to be inoperable at the same
time.

With two channels inoperable, 24 hours are allowed to place one channel
in trip. The 24 hour Completion Time is justified in Reference 12.

Failure to place one inoperable channel in trip within 24 hours requires
the unit be placed in MODE 3 within 30 hours and MODE 4 within
36 hours.

The allowed Completion Times are reasonable, based on operating
experience, to reach the required unit conditions from full power
conditions in an orderly manner and without challenging unit systems. In
MODE 4, the Functions are no longer required OPERABLE.

N.1 and N.2

Condition N applies to the SG Water Level High High (P-14).

Westinghouse STS B 3.3.2A-49 Rev. 4.0
December 2011

WCAP-17261-NP Revision 0 .
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Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

Condition N is modified by a Note that states that the Condition is not
applicable if the second channel is intentionally made inoperable. The
Required Action is not intended for voluntary removal of redundant
channels from service. The Required Action is only applicable if one
channel is inoperable for any reason, and the second channel is found
inoperable, or if both channels are found to be inoperable at the same
time.

With two channels inoperable, 24 hours are allowed to place one channel
in trip. The 24 hour Completion Time is justified in Reference 12.

Failure to place one channel in trip within 24 hours requires the unit be
placed in MODE 3 within 30 hours.

The allowed Completion Time is reasonable, based on gperating

experience, to reach the required unit conditions from full power
conditions in an orderly manner and without chailenging unit systems. In

MODE 3, the Function is no longer required OPERABLE.
0.1,0.2.1,and 0.2.2

Condition O applies to:

o RWST Level - Low Low Coincident with Safety Injection, and

o  RWST Level - Low Low Coincident with Safety Injection and
Coincident with Containment Sump Level — High,

Condition O is modified by a Note that states that the Condition is not
applicable if the second channel is intentionally made inoperable. The
Required Action is not intended for voluntary removal of redundant
channels from service. The Required Action is only applicable if one
channel is inoperable for any reason, and the second channel is found
inoperable, or if both channels are found to be inoperable at the same
time.

With two channels inoperable, 24 hours are allowed to place one channel
in_trip. The 24 hour Completion Time is justified in Reference 12.

Failure to place one inoperable channel in trip within 24 hours requires
the unit be placed in MODE 3 within 30 hours and MODE 5 within
60 hours.

The allowed Completion Times are reasonable, based on operating
experience, to reach the required unit conditions from full power

conditions in an orderly manner and without challenging unit systems. In
MODE 5, the unit does not have any analyzed transients or conditions
that require the explicit use of the protection functions noted above.
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-24

Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

SURVEILLANCE REQUIREMENTS (continued)

normal operational use of the displays associated with the LCO required
channels.

OR

The Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

REVIEWER'S NOTE
Plants controlling Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

SR 3.3.2.2

SR 3.3.2.2 is the performance of an ACTUATION LOGIC TEST using the
semiautomatic tester. The train being tested is placed in the bypass
condition, thus preventing inadvertent actuation. Through the
semiautomatic tester, all possible logic combinations, with and without
applicable permissives, are tested for each protection function. In
addition, the master relay coil is pulse tested for continuity. This verifies
that the logic modules are OPERABLE and that there is an intact voltage
signal path to the master relay coils. [ The Frequency of every 92 days
on a STAGGERED TEST BASIS is justified in Reference 4213.

OR

The Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

REVIEWER’S NOTE
Plants controlling Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

]

SR 3.3.2.3

SR 3.3.2.3 is the performance of an ACTUATION LOGIC TEST as
described in SR 3.3.2.2, except that the semiautomatic tester is not used

Westinghouse STS
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-25

Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

SURVEILLANCE REQUIREMENTS (continued)

and the continuity check does not have to be performed, as explained in
the Note. This SR is applied to the balance of plant actuation logic and
relays that do not have the SSPS test circuits installed to utilize the
semiautomatic tester or perform the continuity check. [ This test is also
performed every 31 days on a STAGGERED TEST BASIS. The
Frequency is adequate based on industry operating experience,
considering instrument reliability and operating history data.

OR

The Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

REVIEWER’'S NOTE
Plants controlling Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

SR 3.324

SR 3.3.2.4 is the performance of a MASTER RELAY TEST. The
MASTER RELAY TEST is the energizing of the master relay, verifying
contact operation and a low voltage continuity check of the slave relay
coil. Upon master relay contact operation, a low voltage is injected to the
slave relay coil. This voltage is insufficient to pick up the slave relay, but
large enough to demonstrate signal path continuity. The time allowed for
the testing on a STAGGERED TEST BASIS (4 hours) is justified in
Reference 4213. [ The Frequency of 92 days is justified in Reference 10.

OR

The Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

REVIEWER’'S NOTE
Plants controlling Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-26

Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

SURVEILLANCE REQUIREMENTS (continued)

SR 3.3.2.5
SR 3.3.2.5 is the performance of a COT.

A COT is performed on each required channel to ensure the entire
channel will perform the intended Function. Setpoints must be found
conservative with respect to the Allowable Values specified in

Table 3.3.2-1. A successful test of the required contact(s) of a channel
relay may be performed by the verification of the change of state of a
single contact of the relay. This clarifies what is an acceptable COT of a
relay. This is acceptable because all of the other required contacts of the
relay are verified by other Technical Specifications and non-Technical
Specifications tests at least once per refueling interval with applicable
extensions.

The difference between the current "as-found" values and the previous
test "as left” values must be consistent with the drift allowance used in the
setpoint methodology. The setpoint shall be left set consistent with the
assumptions of the current unit specific setpoint methodology.

The "as-found" and "as-left" values must also be recorded and reviewed
for consistency with the assumptions of Reference 7.

[ The Frequency of 184 days is justified in Reference 4213.

OR

The Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

REVIEWER'S NOTE
Plants controlling Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

SR 3.3.2.5 is modified by two Notes as identified in Table 3.3.2-1. The
first Note requires evaluation of channel performance for the condition
where the as-found setting for the channel setpoint is outside its as-found
tolerance but conservative with respect to the Allowable Value.
Evaluation of channel performance will verify that the channel will
continue to behave in accordance with safety analysis assumptions and
the channel performance assumptions in the setpoint methodology. The
purpose of the assessment is to ensure confidence in the channel
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-27

Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

SURVEILLANCE REQUIREMENTS (continued)

SR 3.3.2.10

This SR ensures the individual channel ESF RESPONSE TIMES are less
than or equal to the maximum values assumed in the accident analysis.
Response Time testing acceptance criteria are included in the Technical
Requirements Manual, Section 15 (Ref. 4314). Individual component
response times are not modeled in the analyses. The analyses model the
overall or total elapsed time, from the point at which the parameter
exceeds the Trip Setpoint value at the sensor, to the point at which the
equipment in both trains reaches the required functional state (e.g.,
pumps at rated discharge pressure, valves in full open or closed position).

For channels that include dynamic transfer functions (e.g., lag, lead/lag,
rate/lag, etc.), the response time test may be performed with the transfer
functions set to one with the resulting measured response time compared
to the appropriate FSAR response time. Alternately, the response time
test can be performed with the time constants set to their nominal value
provided the required response time is analytically calculated assuming
the time constants are set at their nominal values. The response time
may be measured by a series of overlapping tests such that the entire
response time is measured.

REVIEWER’S NOTE
Applicable portions of the following Bases are applicable for plants
adopting WCAP-13632-P-A (Ref. 4415). and/or WCAP-14036-P
(Ref. 48616).

Response time may be verified by actual response time tests in any
series of sequential, overlapping or total channel measurements, or by
the summation of allocated sensor, signal processing and actuation logic
response times with actual response time tests on the remainder of the
channel. Allocations for sensor response times may be obtained from:
(1) historical records based on acceptable response time tests (hydraulic,
noise, or power interrupt tests), (2) in place, onsite, or offsite (e.g.,
vendor) test measurements, or (3) utilizing vendor engineering
specifications. WCAP-13632-P-A, Revision 2, "Elimination of Pressure
Sensor Response Time Testing Requirements,” (Ref. 4415) dated
January 1996, provides the basis and methodology for using allocated
sensor response times in the overall verification of the channel response
time for specific sensors identified in the WCAP. Response time
verification for other sensor types must be demonstrated by test.
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Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

BASES

SURVEILLANCE REQUIREMENTS (continued)

WCAP-14036-P, Revision 1, "Elimination of Periodic Protection Channel
| Response Time Tests," (Ref. 4616) provides the basis and methodology
for using allocated signal processing and actuation logic response times
in the overall verification of the protection system channel response time.
The allocations for sensor, signal conditioning, and actuation logic
response times must be verified prior to placing the component in
operational service and re-verified following maintenance that may
adversely affect response time. In general, electrical repair work does not
impact response time provided the parts used for repair are of the same
type and value. Specific components identified in the WCAP may be
replaced without verification testing. One example where response time
could be affected is replacing the sensing assembly of a transmitter.

[ ESF RESPONSE TIME tests are conducted on an [18] month
STAGGERED TEST BASIS. Testing of the final actuation devices, which
make up the bulk of the response time, is included in the testing of each
channel. The final actuation device in one train is tested with each
channel. Therefore, staggered testing results in response time
verification of these devices every [18] months. The [18] month
Frequency is consistent with the typical refueling cycle and is based on
unit operating experience, which shows that random failures of
instrumentation components causing serious response time degradation,
but not channel failure, are infrequent occurrences.

OR

The Surveillance Frequency is controlled under the Surveillance
Frequency Control Program.

REVIEWER'S NOTE
Plants controlling Surveillance Frequencies under a Surveillance
Frequency Control Program should utilize the appropriate Frequency
description, given above, and the appropriate choice of Frequency in the
Surveillance Requirement.

This SR is modified by a Note that clarifies that the turbine driven AFW
pump is tested within 24 hours after reaching [1000] psig in the SGs.
SR 3.3.2.11

SR 3.3.2.11 is the performance of a TADOT as described in SR 3.3.2.8,
except that it is performed for the P-4 Reactor Trip Interlock, and the
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Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

SURVEILLANCE REQUIREMENTS (continued)

Frequency is once per RTB cycle. A successful test of the required
contact(s) of a channel relay may be performed by the verification of the
change of state of a single contact of the relay. This clarifies what is an
acceptable TADOT of a relay. This is acceptable because all of the other
required contacts of the relay are verified by other Technical
Specifications and non-Technical Specifications tests at least once per
refueling interval with applicable extensions. This Frequency is based on
operating experience demonstrating that undetected failure of the P-4
interlock sometimes occurs when the RTB is cycled.

The SR is modified by a Note that excludes verification of setpoints during
the TADOT. The Function tested has no associated setpoint.

REFERENCES 1.  Regulatory Guide 1.105, "Setpoint for Safety Related
Instrumentation," Revision 3.
2. FSAR, Chapter [6].
3. FSAR, Chapter [7].
4. FSAR, Chapter [15].
5. |EEE-279-1971.
6. 10 CFR 50.49.
7.  Piant-specific setpoint methodology study.
8. NUREG-1218, April 1988.
9. WCAP-14333-P-A, Rev. 1, October 1998.
10. WCAP-10271-P-A, Supplement 2, Rev. 1, June 1990.
| 11.  [Plant specific evaluation reference.]
12. WCAP-17261-P, Revision 0, “Justification for a Technical
Specification Action for Two Inoperable RTS or ESFAS
Instrumentation Channels,” December 2011.
| 4213. WCAP-15376, Rev. 0. October 2000.
| 14314. Technical Requirements Manual, Section 15, "Response Times."
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Engineered Safety Feature Actuation System (ESFAS) Instrumentation
(Without Setpoint Control Program)
B 3.3.2A

1415. WCAP-13632-P-A, Revision 2, "Elimination of Pressure Sensor
Response Time Testing Requirements,” January 1996.

4516. WCAP-14036-P, Revision 1, "Elimination of Periodic Protection
Channel Response Time Tests,” December 1995.
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APPENDIX B
[ ™
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Pages B-2 through B-1103 are proprietary information and have been removed.
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