
 

REQUEST FOR SUPPLEMENTAL INFORMATION  

REVIEW OF PRESSURIZED WATER REACTOR OWNERS GROUP TOPICAL REPORT  

WCAP-17261-P/NP, REVISION 0, “JUSTIFICATION FOR A TECHNICAL SPECIFICATION 

ACTION FOR TWO INOPERABLE RTS [REACTOR TRIP SYSTEM] OR ESFAS 

[ENGINEERED SAFETY FEATURES ACTUATION SYSTEM] INSTRUMENTATION 

CHANNELS" 

 
Instrumentation and Controls Branch Request for Supplemental Information 

 
Licensing Action:  Topical Report (TR) WCAP-17261-P/NP, Revision 0, proposes to add an 
Action in the Westinghouse standard technical specifications (STS), for two inoperable RTS or 
ESFAS functions for those functions with a two-out-of-four actuation logic.  During the 
acceptance review, it was determined that the TR did not provide a description that clearly 
demonstrates how the proposed STS for Westinghouse designed plants will meet all current 
regulatory requirements in the General Design Criteria (GDCs) and in Title 10 of the Code of 
Federal Regulations (10 CFR) and in 10 CFR 50.55a(h), which incorporates by reference 
Institute of Electrical and Electronics Engineers (IEEE) Standard (Std.) 279-1971. 
 
Response: 
 
The design of the Reactor Trip System (RTS), and Engineered Safety Features Actuation 
System (ESFAS) instrumentation currently meets all of the applicable regulatory requirements in 
the General Design Criteria (GDCs) and in Title 10 of the Code of Federal Regulations (10 CFR) 
and in 10 CFR 50.55a(h), which incorporates by reference Institute of Electrical and Electronics 
Engineers (IEEE) Standard (Std.) 279-1971.  The design of the RTS and ESFAS 
instrumentation is not impacted by the proposed changes to NUREG-1431, “Standard Technical 
Specifications Westinghouse Plants,” since the “design,” is not being changed.  These 
regulatory design requirements are associated with the intentional, pre-planned removal of one 
channel from service for testing or maintenance.  
 
The only change is to NUREG-1431 to allow a second RTS or ESFAS channel to be inoperable 
for up to 24 hours, if one RTS or ESFAS channel is inoperable.  The design of the RTS and 
ESFAS instrumentation is not impacted by this change to the Technical Specifications.  This 
new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS channels, is 
limited to an emergent channel inoperability for the second inoperable channel, i.e., the 
Condition can not be entered for pre-planned activites.  Since the new Condition is limited to an 
emergent condition for the second inoperable channel, and is limited to a finite period of time, 
an additional single failure does not need to be considered, consistent with the application of the 
Technical Specification Actions for not considering a single failure.  The justification for adding 
this Action is consistent with the guidance in Regulatory Guides 1.174 and 1.177, for a risk-
informed change. 
 
Currently, NUREG-1431 does not contain a Technical Specification Action, (Condition, Required 
Action, and associated Completion Time) for this condition, therefore LCO 3.0.3 must be  
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entered, which requires a unit shutdown, due to this emergent condition associated with a 
second inoperable channel. 
 
The design of the RTS and ESFAS instrumentation, which includes the consideration of a single 
failure, and the application of the Technical Specifications Actions, which do not require a single 
failure to be considered, are two distinct and separate issues, and are discussed below. 
 
The design of the RTS and ESFAS instrumentation, considers a single failure, when a channel 
is intentionally removed from service for testing or maintenance for an RTS or ESFAS function 
with a 2 out of 4 actuation logic. 
 
The Technical Specification Actions only allow operation to continue for a finite period of time, 
i.e., for the duration of the Completion Time, prior to either restoring an SSC to Operable status, 
or if not restored to Operable status, to take the other applicable Actions.  Since the Technical 
Specifications only allow operation to continue for a finite period of time, a single failure does 
not need to be considered when the Technical Specification Actions are entered.  This is 
necessary to allow operation to continue, when an SSC is declared inoperable to perform 
preventive or corrective maintenance, or to perform Surveillances.  If this allowance was not 
provided, the unit would have to be shutdown to perform Surveillances or preventive or 
corrective maintenance.   
 
A simple example is when one train of a two train system is inoperable.  If a single failure of the 
second train had to be considered, no trains would be Operable, and a loss of safety function 
would exist.  Not considering a single failure in the second train is acceptable, since the 
Technical Specification Actions only allow operation to continue for a finite period of time.   
 
The same example is also applicable to RTS and ESFAS functions with a 2 out of 3 actuation 
logic, which is currently allowed by the Technical Specifications.  If one RTS or ESFAS channel 
is inoperable, and a single failure had to be considered in one of the two remaining channels, 
then only one channel would be Operable, and a loss of safety function would occur.  This is 
acceptable, because the Technical Specification Actions only allow operation to continue for a 
finite period of time, prior to either restoring the channel to Operable status, or placing it in the 
tripped condition. 
 
In a letter dated January 26, 2007, from T.J. Kobetz (NRC) to G. Bischoff (Westinghouse), 
“Clarification of Single Failure Considerations and Staff Response to Adding a TS Action 
Condition for Two Inoperable Instrumentation Channels for Reactor Trip System and 
Engineered Safety Feature System Instrumentation,” (Accession No. ML070240309) the Staff 
stated the following: 
 
“Regarding item 1 on the temporary relaxation of the single failure criterion, the NRC staff 
responded to such a request by representatives from the Westinghouse Owners Group (WOG) 
during a meeting held in early 2006 and provided its response in a letter to you from Thomas 
Boyce (NRC) dated March 30, 2006. The request clarified that plant operation while relying on 
a TS remedial action represents a temporary relaxation of the single failure criterion. The 
following clarification was provided. 
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The staff’s position, as discussed in the Appendix C.2 of Inspection Manual Part 9900, 
Technical Guidance, which was endorsed by Regulatory Issue Summary 2005-20, “Revision to 
Guidance Formerly Contained in NRC Generic Letter 91-18,” is that the single failure criterion is 
a general design criterion that is used to evaluate system designs to ensure that a single failure 
does not result in a loss of the capability for the system to perform its safety function or 
functions. In addition, as stated in Generic Letter 80-30: 
 
“By and large, the single failure criterion is preserved by specifying Limiting Conditions for 
Operation that require all redundant components of safety systems to be OPERABLE. When the 
required redundancy is not maintained, either due to equipment failure or maintenance outage, 
action is required, within a specific 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 (termed Completion Time in the Standard Technical Specifications), 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.” 
 
The current NRC staff position is unchanged from the March 30, 2006 letter.”  
 
Regulatory Design Requirements and the Technical Specifications (TS):  The regulatory 
design criteria (i.e., GDCs and IEEE Std. 279) for the design of instrumentation and control 
specifically include requirements to support the anticipated operation and (e.g., Operating 
Bypasses, Maintenance Bypass, System Repair, Capability for Sensor Checks, Capability for 
Test and Calibration, Channel Bypass or Removal from Operation, Indication of Bypasses,… ).  
However, these regulatory requirements do not explicitly specify limits for how long or under 
what conditions some of these design features are to be used.  The TS take into consideration 
the specific equipment designs and associated plant operating modes and place restrictions on 
the use of these required features (e.g., continued operation with all required channels 
bypassed or removed from service is not allowed by the TS).  For systems that must meet the 
single failure criiteria, it is generally assumed such systems lose their capability to function when 
a second single failure occurs.   The TS assume that single failures are infrequent, and 
therefore allow a certain amount of time (after a single failure) to restore the system to full 
functionality.   The TS generally allow a limited amount of time of operation in a condition where 
the single failure criteria is not met.  The TS also generally require the plant to exit the modes in 
which a system is required to be operable if the system is no longer capable of performing its 
safety function. 
 
Response: 
 
With respect to the following statement above: 
 
“The TS take into consideration the specific equipment designs and associated plant operating 
modes and place restrictions on the use of these required features (e.g., continued operation 
with all required channels bypassed or removed from service is not allowed by the TS).” 
 
The proposed change to add an Action for two inoperable RTS or ESFAS channels does not 
allow the removal of all required channels to be bypassed or removed from service.  For the 
limited period of time, i.e., 24 hours, two channels would remain Operable. 
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With respect to the following statement above: 
 
“For systems that must meet the single failure criiteria, it is generally assumed such systems 
lose their capability to function when a second single failure occurs.” 
 
For an RTS and ESFAS functions with a 2 out of 4 actuation logic, two channels could fail, and 
the safety function could still be performed. 
 
With respect to the following statement above: 
 
“The TS assume that single failures are infrequent, and therefore allow a certain amount of time 
(after a single failure) to restore the system to full functionality.” 
 
The design of an RTS and ESFAS functions with a 2 out of 4 or a 2 out of 3 actuation logic 
allows one channel to be removed from service, but does not consider a single failure after the 
one channel is removed from service, since continued operation in this condition is only allowed 
for a finite period of time. 
 
Sharing of Components Results in Additional Operational Restrictions:  If protection and 
control systems share common components (e.g., sensors) then additional design requirements 
are imposed (e.g., GDC 24 and IEEE Std. 279, Clause 4.7).  To date, the action statements in 
the TS have not allowed operation in a condition where the “Separation of Protection and 
Control” requirements are not met. 
 
Response: 
 
The Technical Specification Actions do not currently allow two RTS or ESFAS channels to be 
inoperable whether they provide both protection or control, or only protection, this is what the 
proposed change addresses. 
 
Please note that if an RTS or ESFAS function provides both protection or control, that function 
would still be maintained with two inoperable channels, since if the channel that is also providing 
a control function is inoperable, the control function would either be performed manually, or 
switched to another channel to provide the control function.  Additionally, the new Condition that 
is proposed to be added, i.e., 2 inoperable RTS or ESFAS channels, is limited to an emergent 
channel inoperability for the second inoperable channel, i.e., the Condition can not be entered 
for pre-planned activites.  Since the new Condition is limited to an emergent condition for the 
second inoperable channel, and is limited to a finite period of time, an additional single failure 
does not need to be considered, consistent with the application of the Technical Specification 
Actions for not considering a single failure. 
 

(1) 10 CFR Part 50, Appendix A - GDCs 
 
The underlined portions of both GDCs below, when considered simultaneously, in effect 
require that an additional failure be postulated, if there are common components between 
the protection and control systems.  If a protection system has four channels and one of 
those channels has shared components with the control system, then in effect GDC 24
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requires that the 2-out-of-4 system be treated as a 2-out-of-3 system when addressing the 
other requirements (e.g., minimum redundancy).  This means that a single channel could be 
removed from service (i.e., a second inoperable channel – the first inoperable channel is 
postulated by GDC 24, which makes the 2-out-of-4 system into a 2-out-of-3 system) and the 
ability of the protection system to perform the protective function is preserved, but the 
system would no longer meet the single failure criteria when in this condition (in this case 
GDC 21 would require that acceptable reliability be demonstrated). 
 
Response: 
 
The new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS channels, 
is limited to an emergent channel inoperability for the second inoperable channel, i.e., the 
Condition can not be entered for pre-planned activites.  Since the new Condition is limited to 
an emergent condition for the second inoperable channel, and is limited to a finite period of 
time, an additional single failure does not need to be considered, consistent with the 
application of the Technical Specification Actions for not considering a single failure. 
 
GDC 21, “Protection system reliability and testability,” 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.” 
 
Response: 
 
The key point is “removal from service of any component or channel…”   This GDC is 
satisfied currently and continures to be satisfied for the removal of one channel. 
 
The new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS channels, 
is limited to an emergent channel inoperability for the second inoperable channel, i.e., the 
Condition can not be entered for pre-planned activites.  Since the new Condition is limited to 
an emergent condition for the second inoperable channel, and is limited to a finite period of 
time, an additional single failure does not need to be considered, consistent with the 
application of the Technical Specification Actions for not considering a single failure.  
 
GDC 24, “Separation of protection and control systems,” 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.” 
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Response: 
 
The key point is “to the extent that failure of any single control system component or 
channel…”   This GDC is satisfied currently and continures to be satisfied for the removal of 
one channel. 
 
The new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS channels, 
is limited to an emergent channel inoperability for the second inoperable channel, i.e., the 
Condition can not be entered for pre-planned activites.  Since the new Condition is limited to 
an emergent condition for the second inoperable channel, and is limited to a finite period of 
time, an additional single failure does not need to be considered, consistent with the 
application of the Technical Specification Actions for not considering a single failure.  

 
Evaluation of a two-out-of-four Logic System against the GDC Criteria 

 
The requirements from the GDCs must all be met, simultaneously.  The easiest way to 
understand the cumulative impact of multiple requirements is to first analyze one and then 
successively add additional requirements into consideration; this is the method followed in the 
five (a-e) subsections below.  

 
(a) Single Failure Criteria 

 
GDC 21, “Protection system reliability and testability,” states:   

 
“…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….” 

 
SF    

SF Criterion Met 

Note:  SF = Single Failure Criteria 
 

(b) Single Failure Criteria and Removal from Service 
 

GDC 21, “Protection system reliability and testability,” states: 
 

“…Redundancy and independence designed into the protection system shall be sufficient to 
assure that … (2) removal from service of any component or channel does not result in loss of 
the required minimum redundancy....”   

 

SF BP   

SF & BP Criterion met 

Note:  BP = Bypass or Removal from Service 
 

(c) Separation of Protection and Control 
 

Certain words below are bolded in order to emphasize the explicit relationship between the two 
GDCs.   
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GDC 21, “Protection system reliability and testability,” states: 

 
“…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….” 

 
      GDC 24, “Separation of protection and control systems,” 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 … 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....” 

 

SF CC   

SF & CC Criteria met 

Note:  CC = Component Common to the Control and Protection Systems (component 
postulated to fail per GDC 24) 
 

(d) Separation of Protection and Control and Removal from Service 
 
GDC 21, “Protection system reliability and testability,” states: 

 
“…Redundancy and independence designed into the protection system shall be sufficient to 
assure that … (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....” 

 
GDC 24, “Separation of protection and control systems,” 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....” 
 

SF CC BP per GDC 21 (2)  

Criteria met only if it is demonstrated that the protection system is acceptably reliable. 

 
(e) Bypassing Two Channels 

 
The TR WCAP-17261-P/NP, Revision 0, proposes that two channels are allowed to be in 
bypass simultaneously (i.e., not placed in trip) for a limited amount of time. 

 
SF CC BP BP 

It is not clear how both GDC 21 and GDC 24 can be met under this proposal. 
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Question (1):  Please describe how the proposed STS for Westinghouse plants would meet the 
GDCs quoted above. 
 
Response to Question (1): 
 
The design of the Reactor Trip System (RTS), and Engineered Safety Features Actuation 
System (ESFAS) instrumentation currently meets all of the applicable regulatory requirements in 
the General Design Criteria (GDCs) and in Title 10 of the Code of Federal Regulations (10 
CFR).  The design of the RTS and ESFAS instrumentation is not impacted by the proposed 
changes to NUREG-1431, “Standard Technical Specifications Westinghouse Plants,” since the 
“design,” is not being changed.  These regulatory design requirements are associated with the 
intentional, pre-planned removal of one channel from service for testing or maintenance.  
 
The only change is to NUREG-1431 to allow a second RTS or ESFAS channel to be inoperable 
for up to 24 hours, if one RTS or ESFAS channel is inoperable.  The design of the RTS and 
ESFAS instrumentation is not impacted by this change to the Technical Specifications.  This 
new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS channels, is 
limited to an emergent channel inoperability for the second inoperable channel, i.e., the 
Condition can not be entered for pre-planned activites.  Since the new Condition is limited to an 
emergent condition for the second inoperable channel, and is limited to a finite period of time, 
an additional single failure does not need to be considered, consistent with the application of the 
Technical Specification Actions for not considering a single failure.  
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(2) IEEE Std. 279, “Criteria for Protection Systems for Nuclear Power Generating 
 Stations” 
 
 The underlined portions of IEEE Std. 279-1971 below, when considered simultaneously, 
 require that an additional failure be postulated, for each adverse failure of common 
 components within the protection and control systems.  The second paragraph of 
 Clause 4.7.3 requires that the requirements of the first paragraph of Clause 4.7.3 
 (i.e., two failures) be met while one channel is bypassed or removed from service. 
 
 4.2, “Single Failure Criterion,” states: 
 
 “Any single failure within the protection system shall not prevent proper protective action 
 at the system level when required....” 
 
 Response: 
 
 Section 4.2 is currently met and continues to be met by the design of the RTS and 
 ESFAS instrumentation if a single failure is considered.  The design of the RTS and 
 ESFAS instrumentation is not impacted by adding an Action for two inoperable RTS or 
 ESFAS channels. 
 
 4.7, “Control and Protection System Interaction,” Clause 4.7.3, “Single 
 Random Failure,” states: 
 
 “Where a single random failure can cause a control system action that results in a 
 generating station condition requiring protective action and can also prevent proper 
 action of a protection system channel designed to protect against the condition, the 
 remaining redundant protection channels shall be capable of providing the protective 
 action even when degraded by a second random failure. 
 
 Provisions shall be included so that this requirement can still be met if a channel is 
 bypassed or removed from service for test or maintenance purposes. Acceptable 
 provisions include reducing the required coincidence, defeating the control signals taken 
 from the redundant channels, or initiating a protective action from the bypassed 
 channel.” 
 
 Response: 
 
 The key point is “…if a channel is bypassed or removed from service for test or 
 maintenance purposes…” 
 
 Section 4.7 is currently met and continues to be met by the design of the RTS and 
 ESFAS instrumentation if a single failure and second random failure is considered for 
 the removal of one channel from service.  The design of the RTS and ESFAS 
 instrumentation is not impacted by adding an Action for two inoperable RTS or 
 ESFAS channels. 
 
 The new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS 
 channels, is limited to an emergent channel inoperability for the second inoperable  
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 channel, i.e., the Condition can not be entered for pre-planned activites.  Since the new 
 Condition is limited to an emergent condition for the second inoperable channel, and is 
 limited to a finite period of time, an additional single failure does not need to be 
 considered, consistent with the application of the Technical Specification Actions for not 
 considering a single failure. 
 
 Clause 4.11, “Channel Bypass or Removal from Operation,” states: 
 
 “The system shall be designed to permit any one channel to be maintained, and when 
 required, tested or calibrated during power operation without initiating a protective action 
 at the systems level.  During such operation the active parts of the system shall of 
 themselves continue to meet the single failure criterion….” 
 
 Response: 
 
 The key point is: “shall be designed to permit any one channel to be maintained, and 
 when required, tested or calibrated during power operation…” 
 
 Section 4.11 is currently met and continues to be met by the design of the RTS and 
 ESFAS instrumentation for the removal of one channel from service.  The design of the 
 RTS and ESFAS instrumentation is not impacted by adding an Action for two inoperable 
 RTS or ESFAS channels. 
 
 The new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS 
 channels, is limited to an emergent channel inoperability for the second inoperable 
 channel, i.e., the Condition can not be entered for pre-planned activites.  Since the new 
 Condition is limited to an emergent condition for the second inoperable channel, and is 
 limited to a finite period of time, an additional single failure does not need to be 
 considered, consistent with the application of the Technical Specification Actions for not 
 considering a single failure. 

 
Evaluation of a two-out-of-four Logic System against IEEE Std. 279-1971 

 
The requirements from IEEE 279 must all be met, simultaneously.  The easiest way to 
understand the cumulative impact of multiple requirements is to first analyze one and then 
successively add additional requirements into consideration; this is the method followed in 
the five (a-e) subsections below. 

 
(a) Single Failure Criteria 
 
4.2, “Single Failure Criterion” (SF), states: 

 
“Any single failure within the protection system shall not prevent proper protective action 
at the system level when required….” 
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SF   

SF Clause Met 

 
(b) Single Failure Criteria and Removal from Service 
 
4.11, “Channel Bypass or Removal from Operation,” states: 
 

“The system shall be designed to permit any one channel to be maintained, and when 
required, tested or calibrated during power operation without initiating a protective action 
at the systems level.  During such operation the active parts of the system shall of 
themselves continue to meet the single failure criterion…” 

 
SF BP  

SF & BP Clauses met 

 
(c) Separation of Protection and Control 
 
4.7, “Control and Protection System Interaction,” Clause 4.7.3, “Single Random Failure,” 
states: 

 
“Where a single random failure can cause a control system action that results in a 
generating station condition requiring protective action and can also prevent proper 
action of a protection system channel designed to protect against the condition, the 
remaining redundant protection channels shall be capable of providing the protective 
action even when degraded by a second random failure…” 

 
SRF CC  

SF & CC Clauses Met 

Note 1:  CC = Common Component to the Control and Protection Systems (component 
postulated to fail per 4.7.3) 
Note 2:  SRF = Second Random Failure (per 4.7.3) 

 
(d) Separation of Protection and Control and Removal from Service 
 
Clause 4.7, “Control and Protection System Interaction,” Clause 4.7.3, “Single Random 
Failure,” states: 

 
“Where a single random failure can cause a control system action that results in a 
generating station condition requiring protective action and can also prevent proper 
action of a protection system channel designed to protect against the condition, the 
remaining redundant protection channels shall be capable of providing the protective 
action even when degraded by a second random failure…” 

 
Provisions shall be included so that this requirement can still be met if a channel is 
bypassed or removed from service for test or maintenance purposes. Acceptable 
provisions include reducing the required coincidence, defeating the control signals taken  
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from the redundant channels, or initiating a protective action from the bypassed 
channel.” 

 
SRF CC BP  

Without explicitly addressing the “provisions,” the bypass clause is NOT met. 

 
(e) Bypassing Two Channels 
 
The TR WCAP-17261-P/NP, Revision 0, proposes that two channels are allowed to be in 
bypass for a limited amount of time. 

 
SRF CC BP BP 

It is not clear how Clause 4.7.3 can be met under this proposal. 

 
Question (2):  Please describe how the proposed STS for Westinghouse plants would meet 
current regulatory requirements in IEEE Std. 279-1971 quoted above. 
 
Response to Question (2): 
 
The design of the Reactor Trip System (RTS), and Engineered Safety Features Actuation 
System (ESFAS) instrumentation currently meets all of the applicable regulatory requirements in 
10 CFR 50.55a(h), which incorporates by reference Institute of Electrical and Electronics 
Engineers (IEEE) Standard (Std.) 279-1971.  The design of the RTS and ESFAS 
instrumentation is not impacted by the proposed changes to NUREG-1431, “Standard Technical 
Specifications Westinghouse Plants,” since the “design,” is not being changed.  These 
regulatory design requirements are associated with the intentional, pre-planned removal of one 
channel from service for testing or maintenance.  
 
The only change is to NUREG-1431 to allow a second RTS or ESFAS channel to be inoperable 
for up to 24 hours, if one RTS or ESFAS channel is inoperable.  The design of the RTS and 
ESFAS instrumentation is not impacted by this change to the Technical Specifications.  This 
new Condition that is proposed to be added, i.e., 2 inoperable RTS or ESFAS channels, is 
limited to an emergent channel inoperability for the second inoperable channel, i.e., the 
Condition can not be entered for pre-planned activites.  Since the new Condition is limited to an 
emergent condition for the second inoperable channel, and is limited to a finite period of time, 
an additional single failure does not need to be considered, consistent with the application of the 
Technical Specification Actions for not considering a single failure. 
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Probabilistic Risk Assessment Licensing Branch Request for Supplemental 
Information 

 
Question (3):  Regulatory Guides 1.174 and 1.177 consider the scope of evaluating the risk 
from all relevant hazards and modes of operation.  Some of the proposed STS Conditions have 
an endstate of hot standby, hot shutdown, or cold shutdown. 
 
a. Discuss the risk associated with a plant shutdown. 
b. Discuss the risk associated with applicable modes other than mode 1 (which is included in 

WCAP-17261-P/NP) where the 24 hour completion time could apply. 
 
Response to Question (3): 
  
Both items a and b are addressed in the following discussion.   
 
The impact of the proposed changes on shutdown risk was not addressed in WCAP-17261-
P/NP since the proposed change is a risk improvement with regard to the shutdown risk (mode 
transition risk) and the risk of operating in a lower mode to address the condition of two 
inoperable channels.  The pre-submittal meeting to discuss the WCAP that was held with the 
Staff on March 2, 2011 did not identify this as a discussion that should be added to the WCAP, 
therefore, it was not addressed.   
 
The following paragraphs discuss the risk associated with a plant shutdown and shutdown 
operation.   
   
First, it is important to understand that the time(s) to shut down the plant, and be in the lower 
modes of operation, are not changing.  That is, the time after the proposed Completion Time (24 
hours) has expired to be in Mode 3 will remain at 6 hours, the time to be in Mode 4 after the 
Completion Time has expired will remain at 12 hours, and the time to be in Mode 5 after the 
Completion Time has expired will remain at 36 hours.  The only change will be the time allowed 
until the shut down needs to start.  This is currently 1 hour which is allowed by LCO 3.0.3, since 
there is no Tech Spec for two inoperable channels, and will be 24 hours with the proposed 
change. 
 
Second, it needs to be understood that if two channels of any reactor trip signal (RTS) or 
engineered safety features actuation signal (ESFAS) function are inoperable, the Tech Specs 
(LCO 3.0.3) currently require that a plant shutdown be initiated in 1 hour.  With the proposed 
change the plant can continue to operate at-power with two channels inoperable, and if one 
channel is not restored to operable status within 24 hours, then a plant shutdown will be 
required.  In the current Tech Specs, which only contain a Condition for one inoperable RTS or 
ESFAS channel, a plant shutdown would be required, unless a Notice of Enforcement 
Discretion is granted.  With the proposed change to the Tech Specs of adding a Condition for 
two inoperable RTS or ESFAS channels, it is highly likely that one channel can be restored to 
operable status within 24 hours and a shutdown would be avoided.  The likelihood of a 
shutdown with the proposed change is much lower than with the current Tech Specs, which is 
the purpose of the proposed change. 
 
In either case, given that a shutdown is required for two inoperable channels, the plant would be 
subject to the same risk from transitioning through the same modes and operating in a lower  
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mode.  That is, the conditional risk, given that a shutdown is required, is the same.  The only 
difference will be the likelihood of requiring the plant shutdown.  Since the proposed change has 
a lower likelihood of requiring a shutdown and operating for some period of time in a lower 
mode with two channels of a function inoperable, the risk, related to the shutdown and operating 
in the lower modes, associated with the proposed change is reduced compared to the current 
Tech Spec. 
 
Based on this discussion, an assessment of the impact on shutdown and operating in modes 
other than Mode 1 with two channels inoperable is not required.  This risk is the same for both 
cases given that a shutdown is required.   Since the shutdown will be required less frequently 
with the proposed change, this is an unquantified benefit.  
 
An estimate of the averted risk can be determined based on the approach used in WCAP-
14333-P-A, Rev. 1 (Reference 5).  As noted above, the proposed Condition and associated 
Completion Time will avoid potential plant shutdowns, and subsequent startups, by allowing 24 
hours to restore a channel to operable status at power.  As discussed in WCAP-14333-P-A, 
Rev. 1 (Section 8.4), the risk associated with shutting a plant down can be considered to be 
comprised of two parts; the power reduction phase that occurs in Mode 1 followed by the 
changes in operating modes.  The risk associated with restarting the plant can also be 
considered to be comprised of two parts; the changes in operating modes prior to achieving 
criticality and the power increase that occurs in Mode 1 after the control rods are withdrawn to 
achieve 100% power.  As discussed in WCAP-14333-P-A, Rev. 1, only the risk associated with 
the power reduction and power increase are considered in the following assessment. 
 
From WCAP-14333-P-A, Rev. 1, the probability of a reactor trip occurring during startup is 0.088 
and the probability of a reactor trip occurring during a controlled shutdown is 0.068.  The risk, as 
measured by core damage frequency, associated with a reactor trip while shutting down or 
restarting a plant can be determined based on the CDF associated with an at-power transient 
event, such as a partial or full loss of main feedwater.   Consistent with the analysis supporting 
this WCAP, the core damage probability given that a transient event has occurred is 
approximately 1.5E-06.  Therefore, the probability of core damage due to one shutdown and 
restart is: 
 

CDP = 1.5E-06 x (0.088 + 0.068) = 2.3E-07 
 
This value is larger than the impact on CDF of implementing the proposed Condition with a 24 
hour Completion Time (7.1E-08/yr from WCAP-17261-P, Table 3-15).  Based on this 
calculation, the proposed change provides a risk benefit depending on how often the Condition 
is entered.  Including the risk for the mode changes would further increase the averted risk 
value.     
 
Note that in WCAP-14333-P-A, Rev. 1 the core damage probability for a transient event is given 
as 3E-06 and the probability of core damage due to one shutdown and restart is 4.7E-07.  
These are comparable to the above values. 
 
For plants that have adopted TSTF-359 (Reference 1), a transition to Mode 1 is possible with 
one channel of a function inoperable subject to the following conditions: 
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1. When the associated ACTIONS to be entered permit continued operation in the MODE or 

other specified condition in the Applicability for an unlimited period of time; 
2. After performance of a risk assessment addressing inoperable systems and components, 

consideration of the results, determination of the acceptability of entering the MODE or other 
specified condition in the Applicability, and establishment of risk management actions, if 
appropriate; exceptions to this Specification are stated in the individual Specifications; or 

3. When an allowance is stated in the individual value, parameter, or other Specification. 
 
With the proposed change, a startup could begin with two channels of an RTS or ESFAS 
function inoperable, subject to the 24 hour Completion Time and an assessment evaluating the 
risk impact of the proposed mode change with the subject equipment inoperable (Item 2 above).  
The analysis supporting TSTF-359 qualitatively assessed the risk of returning to power with 
equipment inoperable and concluded that, with the exception of a limited numbered of 
components, operating in Mode 1 with the equipment inoperable is a higher risk situation than in 
the lower modes of operation.  The qualitative analysis supporting TSTF-359 also applies to the 
proposed change and RTS and ESFAS channels that were evaluated.  Therefore, it is 
concluded that the risk associated with two inoperable channels of the same RTS or ESFAS 
function is reduced in the lower modes as compared to Mode 1. 
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Question (4):  Section 6.3.2 of Regulatory Guide 1.174 discusses cumulative risks.  TR 
WCAP-17261-P/NP proposes risk increase associated with the reactor trip system and 
engineered safety features actuation signal channels.  These systems have also been the 
subject of past TRs:  WCAP-10271, WCAP-14333, and WCAP-15376.  Please provide the 
calculated change in risk for each application (core damage frequency and large early release 
frequency)? 
 
Response to Question (4): 
 
Section 6.3.2 of Regulatory Guide (RG) 1.174 states “As part of the submittal, the licensee 
should track and submit the impact of all plant changes that have been submitted for NRC 
review and approval which have not been incorporated into the baseline PRA model, and are 
therefore not reflected in the baseline risk.”  The following should be noted by the Staff: 
 
• The PWROG does not keep track of the plants that have implemented changes to their 

licensing basis in accordance with Regulatory Guide 1.174.  Therefore, it is not known to the 
PWROG which plants have implemented or will implement the changes in WCAP-10271-P-
A (Reference 2), WCAP-10271, Supplement 1-P-A (Reference 3), WCAP-10271-P-A, 
Supplement 2, Revision 1 (Reference 4), WCAP-14333-P-A, Revision 1 (Reference 5), and 
WCAP-15376-P-A, Revision 1 (Reference 6).  Having stated that, WCAP-10271, with 
Supplements 1 and 2, were approved by the NRC in the mid-to-late 1980s.  Most, if not all, 
Westinghouse NSSS plants have implemented these changes and have been operating 
with these changes in place for many years, and these changes have become part of the 
as-built, as-operated plant and are reflected in the base PRA model.  Therefore, based on 
the above statement in RG 1.174, changes from WCAP-10271, with Supplements 1 and 2, 
no longer need to be considered in the cumulative risk.  For the plants that have 
implemented WCAP-14333 and also WCAP-15376, these changes would have been 
incorporated into their PRA models, however, since the PWROG does not track this 
information, if and when the plants have implemented these changes is unknown.   

 
• As noted above, the requested information is plant specific since it is unknown which plants 

have implemented the changes in the WCAPs.  This is a plant specific implementation 
question that should be addressed when the individual plants submit a License Amendment 
Request (LAR) requesting the changes proposed in WCAP-17261-P and is not relevant to 
the NRC’s review of WCAP-17261-P.  As a clarification, the PWROG is requesting the NRC 
Staff’s review and approval for the changes evaluated in WCAP-17261-P.  Following NRC 
approval, individual plants will submit LARs requesting the specific changes after 
demonstrating the analysis in WCAP-17261-P is applicable to their plant and addressing 
any Limitations and Conditions that are included in the Final Safety Evaluation identified by 
the Staff during their review of the WCAP.  At that point it would be appropriate to request 
the cumulative information from the licensees submitting a LAR to adopt the changes in the 
WCAP. 

 
However, in response to the question, the CDF and LERF impacts are provided on the following 
table.  Each value is the change in CDF or LERF over the previous value, that is, they are not 
cumulative.  The analyses presented in these WCAPs considered a generic plant with all two-
out-of-four logic and a generic plant with all two-out-of-three logic.  The models were refined as 
the subsequent analyses were completed, therefore, the WCAP-15376 analysis is an 
improvement over the previous WCAP analyses. 
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Analysis Two-out-of-Three Logic Two-out-of-Four Logic 

ΔCDF ΔLERF ΔCDF ΔLERF 

WCAP-10271, w/Supplement 1&21  -3.4E-
07/yr2 

6.7E-08/yr3 -5.5E-
07/yr2 

6.6E-
08/yr3 

WCAP-14333-P-A, Rev. 1 5.8E-07/yr2 2.3E-08/yr3 3.2E-07/yr2 1.9E-
08/yr3 

WCAP-15376-P-A, Rev. 1 8.5E-07/yr4 5.7E-08/yr5 8.0E-07/yr4 3.1E-
08/yr5 

 
Notes: 
1.  Credits 0.5 trip reduction per WCAP-10271-P-A   
2.  WCAP-14333-P-A, Rev. 1, Table 8.4 
3.  WCAP-14333-P-A, Rev. 1, Table Q13.1 
4.  WCAP-15376-P-A, Rev. 1, Table 8.29 
5.  WCAP-15376-P-A, Rev. 1, Table 8.32 
 
Note that RG 1.174, Rev. 0 was issued in July 1998.  WCAP-14333 was submitted to the NRC 
for review in May 1995 and the approved version issued in October 1998.  The approved 
versions of WCAP-10271 and WCAP-10271, Supplement 1 were issued in May 1986 and the 
approved version of WCAP-10271, Supplement 2 was issued in May 1989, which was 
significantly before RG 1.174 was available.  Therefore, RG 1.174 is not applicable to WCAP-
10271, WCAP-10271 Supplements 1, and WCAP-10271 Supplement 2.  WCAP-14333 was 
reviewed against the guidance in Draft Regulatory Guide DG-1065 “An Approach for Plant-
Specific, Risk-Informed Decision Making: Technical Specifications” (Reference 7). 

 
It is important to note that the analyses supporting these WCAPs are based on conservative 
assumptions that include: 
 
• The channels will be unavailable for the full length of the CT, not a shorter portion of the CT. 
• The channel failure probability is assumed to be linearly related to the test interval, that is, it 

is dependent on the time between tests and not strictly demand based. 
• The PRA models used higher initiating event frequencies than what the plants experience 

today.  
 
These assumptions lead to a conservative analysis with the calculated ΔCDF and ΔLERF being 
greater than expected during plant operation. 

 
References for the Responses to Questions 3 and 4: 
 
1. TSTF-359-A, Revision 9, “Increased Flexibility in Mode Restraints”, April 4, 2003.  
2. WCAP-10271-P-A, “Evaluation of Surveillance Frequencies and Out of Service Times for 

the Reactor Protection Instrumentation System”, May 1986. 
3. WCAP-10271, Supplement 1-P-A, “Evaluation of Surveillance Frequencies and Out of 

Service Times for the Reactor Protection Instrumentation System, Supplement 1”, May 
1986. 
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4. WCAP-10271-P-A, Supplement 2, Revision 1, “Evaluation of Surveillance Frequencies and 

Out of Service Times for the Engineered Safety Features Actuation System”, May 1989. 
5. WCAP-14333-P-A, Revision 1, “Probabilistic Risk Analysis of the RPS and ESFAS Test 

Times and Completion Times”, October 1998. 
6. WCAP-15376-P-A, Revision 1, “Risk-Informed Assessment of the RTS and ESFAS 

Surveillance Test Intervals and Reactor Trip Breaker Test and Completion Times”, March 
2003. 

7. Draft Regulatory Guide DG-1065, “An Approach for Plant-Specific, Risk-Informed Decision 
Making: Technical Specifications”, March 13, 1997. 

 


