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WCAP-1598 1-NP, Rev 0 (Non-Proprietary)
Project No. 694

March 20, 2006

WOG-06-104

Document Control Desk
U. S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Pressurized Water Reactor Owners Group

Responses to the NRC Request for Additional Information (RAI) Regarding
the Review of WCAP-15981-NP, "Post Accident Monitoring Instrumentation
Re-Definition for Westinghouse NSSS Plants," (LSC-0072 RI/MUHP-3038)

In September 2004, the Pressurized Water Reactor Owners Group (PWROG) (formerly
the Westinghouse Owners Group) submitted WCAP-15981-NP (Non-Proprietary), Rev. 0,
"Post Accident Monitoring Instrumentation Redefinition for Westinghouse NSSS Plants"
for review and approval (Ref. 1). In April 2005 and May 2005, the NRC provided
Requests for Additional Information (RAIs) for WCAP-1 5981 (Ref. 2, 3 and 4).
Attachment 1 to this letter provides the RAI responses and Attachment 2 provides the
changes to WCAP-15981 based on the RAI responses. As noted in the very last RAI
response in Attachment 1, the PAM Technical Specification mark-ups will be provided to
the NRC by April 14, 2006. Following receipt of the Safety Evaluation for WCAP-
15981, the WCAP changes contained in Attachment 2 will be incorporated into the
approved version and will be issued as WCAP-15981-NP-A, Revision 1.

It should be noted that these RAI responses and WCAP markups being transmitted are
identical to the draft RAI responses and WCAP mark-ups that were provided to the NRC
on November 15, 2005 (Ref. 5). Per the NRC/WOG monthly Topical Report status call
on February 21, 2006, the N'RC (G. Shukla) indicated that the Staff had no comments on
the draft RAI draft responses and the WCAP mark-ups, and requested that the PWROG
formally submit the RAI responses and WCAP mark-ups to the NRC.

These RAI responses and WCAP mark-ups are being provided to support issuance of the
draft Safety Evaluation for WCAP-15981 by August 1, 2006 which is consistent with the
current Topical Report schedule on the NRC Topical Report web page and the latest
communication from the NRC (G. Shukla) to the PWROG PM.
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Document Control Desk March 20, 2006
U. S. Nuclear Regulatory Commission
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If you have any questions concerning this matter, please feel free to call Tom Laubham at 412-
374-6788.

Sincerely yours,

Frederick P. "Ted" Schiffley, II, Chairman
Pressurized Water Reactor Owners Group

FPS:TJL:mjl

Attachments

cc: Licensing Subcommittee
Steering Committee
R. A. Gramm, NRC
G. S. Shukla, NRC (via FedEx)
J. D. Andrachek
K. Vavrek
J. Duryea
C. B. Brinkman
J. A. Gresham
PMO
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Attachment 1

Response to Request for Additional Information Regarding WCAP-15981,
"Post Accident Monitoring Instrumentation Re-Defilnition for

Westinghouse NSSS Plants"
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PLANT SYSTEMS BRANCH RAls
(Received April 11, 2005 via an e-mail from G. Shukla (NRC) to S. DiTommaso (W))

General Comments:

1. Generic insights from the Westinghouse PRA database are useful, but potentially incomplete,
e.g., the database does not reflect risk achievement worth (RAW) rankings based on the latest
plant-specific PRA results, plant-specific details regarding the relationship between
important operator actions and associated instrumentation, and the resolution of peer review
comments. Although generic risk insights could be used in a limited manner, i.e., to add
instruments to the standard technical specification, additional assessments at a plant-specific
level would be required if instruments are to be removed from technical specifications on the
basis of risk. The discussion on methodology implementation needs to better describe the
plant-specific risk assessments that are expected to be performed by the utility, and the
manner in which the results of these assessments are to be used in the implementation
process.

Response:

The significant operator actions, determined by risk importance will be determined from the
plant specific PRA when WCAP-15981 is implemented on a plant-specific basis to identify
the instrumentation utilized for those operator actions. The generic risk insights were only
utilized to identify the key operator actions based on risk importance in the generic
methodology and are used to develop the proposed generic PAM Technical Specification
contained in NLREG-1431. The plant specific PAM instrumentation will be determined
utilizing the plant specific PRA.

WCAP-15981 Sections 3.1, 4.6, 5, 7, and 8 were revised to clarify that the plant specific
PRA will be utilized to determine the plant specific PAM instrumentation and the scope and
technical adequacy of the PRA information used in the determination.

(The revisions to Sections 3.1, 4.6, 5, 7, and 8 are provided in Attachment 2.)

2. The conclusion of the study regarding the specific instruments that should be added to or
removed from the PAM technical specification appears to have been based largely on a
qualitative, reclassification of the key instruments (as summarized in Tables 10 and 11)
rather than on the basis of the importance of the instrumentation to risk, EOPs, or other
factors. Thus, this methodology does not appear to be "risk-informed", and should not be
characterized as such. If the report is modified to more clearly de-emphasize the role of risk
information in supporting the conclusions, certain information/assessments requested below
may not be needed.

Response:

The plant instrumentation was evaluated with respect to the Criteria of 10 CFR 50.36,
specifically Criterion 3 and Criterion 4, which are the only criteria applicable to the
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identifying Post Accident Monitoring (PAM) instrumentation that should be included in the
Technical Specifications.

The Emergency Operating Procedures (EOPs) were used in the methodology contained in
WCAP-15981 to determine the instrumentation that is utilized to perform specific manual
actions assumed in the DBA analyses for which there is no automatic actuation of equipment
provided. The instrumentation utilized in the EOPs to cue specific manual actions that are
assumed in the DBA analyses satisfies Criterion 3 of 10 CFR 50.36, and should be included
in the PAM Technical Specification.

The plant instrumentation was also evaluated in WCAP-15981 from a risk perspective based
on risk insights obtained from the PRA in terms of the important operator actions identified
based on risk importance. Also included under the broad category of risk insights is the use
of instrumentation in the Severe Accident Management Guidance (SAMG), and Emergency
Plan Implementing Procedures (EPIP). If the plant instrumentation was shown to be
important to risk mitigation in the PRA, SAMG, or EPIP, it is concluded that it satisfies
Criterion 4 of 10 CFR 50.36 and should be included in the PAM Technical Specification.
Therefore risk insights were used solely for the purpose of identifying the instrumentation
that satisfied Criterion 4 of 10 CFR 50.36.

The Regulatory Guide 1.97 reclassification of the instrumentation was performed to reflect
how the instrumentation is currently utilized in accident management, as opposed to the
classification identified when the original plant specific Regulatory Guide 1.97 evaluations
were performed. For consistency, the Regulatory Guide 1.97 classification should be
consistent with the instrumentation proposed to be included in the PAM Technical
Specification. As discussed above, Criteria 3 and 4 of 10 CFR 50.36 were utilized to
determine whether the instrumentation should be included in the PAM Technical
Specification, not the Regulatory Guide 1.97 reclassification of the instrumentation.

Instrumentation that satisfies Criterion 3 of 10 CFR 50.36 should be classified as Regulatory
Guide 1.97 Type A instrumentation. Instrumentation that satisfies Criterion 4 of 10 CFR
50.36 should be classified as Regulatory Guide 1.97 Category I instrumentation. All other
instrumentation not included in the PAM Technical Specification should have a lower
Regulatory Guide 1.97 classification.

WCAP-15981 Section 3.2 and Appendix A were revised to clarify that the proposed
approach is not risk informed in accordance with Regulatory Guide 1.174, but rather uses
PRA insights and other applicable information in determining the instrumentation that should
be included in the PAM Technical Specification.

(The revisions to Sections 3.2 and Appendix A are provided in Attachment 2.)

3. The addition of three instruments to the PAM technical specification in accordance with the
topical report conclusions (steam generator pressure, refueling water storage tank level, and
high head safety injection flow) is consistent with the importance of these instruments in
DBAs, EOPs, PRAs, as well as other applications, such as the Emergency Response Data
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System (ERDS). (Although the conclusion appears to have been based on a reclassification
of these instruments, rather than on the importance of the instrumentation to risk, etc., as
stated above.) Accordingly, the NRC staff would concur with this conclusion.

Response:

No response required, the Staff agrees with adding these instruments to the PAM Technical
Specification.

4. Five of the six instruments that would be relocated from the PAM technical specification in
accordance with the topical report conclusions (source range neutron flux, RCS hot and cold
leg temperature, reactor vessel water level, and containment sump water level) are significant
in EOPs, EALs, and SAMG, as well as required parameters for ERDS. (Again, the
conclusion appears to have been based on a reclassification of these instruments, rather than
on the importance of the instrumentation to EOPs, etc.). The justification for removing these
instruments from the PAM technical specification appears inadequate, given the role of these
instruments as potentially-important indicators of plant status and event progression.

Response:

See the response to General Comment RAI Number 2 above regarding the Regulatory Guide
1.97 reclassification of the instrumentation and evaluation of the instrumentation with respect
to Criteria 3 and 4 of 10 CFR 50.36 to determine whether it should be included in the PAM
Technical Specification.

There are two types of instrumentation utilized in the EOPs, PRA, SAMG, and EPIP; "key"
instrumentation that is necessary for the operator to effectively diagnose, and mitigate
accidents, and "backup" instrumentation that supplements the "key" instrumentation that
supports operator actions to recover the plant.

The "key" instrumentation provides the primary information required to permit the control
room operating staff to:

* Perform the diagnosis, in accordance with the plant EOPs, of plant conditions required to
initiate manual actions required to bring the plant to a safe stable state for DBAs
(discussed in the UFSAR) as well as the wider range of potential accident sequences
included in the PRA,

* Perform the pre-planned manual actions in accordance with the plant EOPs, for which no
automatic control is provided, that are required for safety systems to accomplish their
safety function to mitigate DBAs,

* Perform the pre-planned manual actions in accordance with the plant EOPs to bring the
plant to a safe stable state for a wide range of accidents included in the PRA, and

* Diagnose plant conditions that may pose a threat to the health and safety of the general
public in accordance with the plant SAMG and EPIP.

The "backup" instrumentation permits the control room operating staff to:
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* Verify the indications of the key instrumentation,
* Operate plant systems utilized to achieve a safe shutdown, including the verification of

the automatic actuation of safety systems, and
* Operate other systems normally utilized for achieving a safe shutdown condition.

The instrumentation utilized in the EOPs to cue operator actions for which no automatic
control is provided satisfies Criteria 3 of 10 CFR 50.36. All other plant instrumentation was
evaluated from a risk perspective based on its use in the PRA, SAMG, and EPIP, to
determine whether it satisfies Criteria 4 of 10 CFR 50.36. If the instrumentation does not
satisfy Criteria 3 or 4 of 10 CFR 50.36, it can be relocated out of the PAM Technical
Specification to a licensee controlled document.

The ERDS is covered by another regulation, Appendix E to 10 CFR 50, and is not affected
by the evaluation of the PAM instrumentation with respect to Criterion 3 or 4 of 10 CFR
50.36. If instrumentation that is required by Appendix E to 10 CFR 50 for ERDS does not
satisfy Criterion 3 or 4 of 10 CFR 50.36, it should not be included in the PAM Technical
Specification. While ERDS provides a significant amount of information to the NRC, and
may provide information to other licensee offsite facilities, it is not used directly by the plant
operators in their role in mitigating the consequences of an accident.

Specific Information Requests:

1. The assessment of PAM instrumentation considered instrumentation important to design
basis accidents (DBAs), probabilistic risk assessments (PRAs), emergency operating
procedures (EOPs), severe accident management guidance (SAMG), and Emergency Plan
Implementing Procedures (EPIPs), but failed to consider those parameters that are required to
be transmitted to the NRC via the Emergency Response Data System (ERDS). Although
ERDS is not a safety system, consideration of these parameters within the topical report
framework would provide additional insights into a decision on whether certain instruments
should be added to or removed from technical specifications. Please expand the assessment
to include consideration of the ERDS parameters, and reassess the recommendations for
relocation of certain instrumentation in view of the role of these instruments in ERDS.

Response:

The ERDS is covered by another regulation, Appendix E to 10 CFR 50, and is not affected
by the evaluation of the PAM instrumentation with respect to Criterion 3 or 4 of 10 CFR
50.36. If instrumentation that is required by Appendix E to 10 CFR 50 for ERDS does not
satisfy Criterion 3 or 4 of 10 CFR 50.36, it should not be included in the PAM Technical
Specification. While ERDS provides a significant amount of information to the NRC, and
may provide information to other licensee offsite facilities, it is not used directly by the plant
operators in their role in mitigating the consequences of an accident.

2. Several instruments are listed in Table 4 but not included in Table 9, e.g., auxiliary feedwater
valve position, containment water level (wide range), residual heat removal flow. Also, high
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head safety injection is identified in Table 9 but not in Table 4. Please update the tables so
they are consistent.

Response:

WCAP-15981 Table 9 was revised to include all of the instruments that are contained in
Table 4. Table 4 was revised to include High Head SI Flow.

(The revisions to Tables 4 and 9 are provided in Attachment 2.)

3. In Table 5, it is stated that high risk significance is defined from CDF and LERF risk
achievement and risk reduction metrics per Regulatory Guide (RG) 1.174. Although the RG
discusses importance measures, it does not define specific values for these metrics for
screening purposes. Please provide a more appropriate reference for the selected screening
values.

Response:

WCAP-15981 Section A.4 was revised to reference the EPRI PSA Application Guide, NEI-
00-04, and Regulatory Guide 1.201 on the use of risk importance measures to determine risk
important systems, structures and components.

(The revisions to Section 8 and Appendix A.4 are provided in Attachment 2.)

4. The identification of risk-significant operator actions is based on PRA information compiled
within the proprietary Westinghouse PRA database. Please provide a general description of
this database, including the type of information contained in the database, the number of
plants represented (e.g., total, by RCS design, by containment type), and the vintage/pedigree
of the data (e.g., the portion of the data that is based on IPEs, pre-peer-reviewed updates of
the IPE, and post-peer-reviewed updates that address peer review findings). Identify and
describe any previous applications where insights/results from this database were also used to
support the application.

Response:

The PAM instrumentation proposed to be included in Technical Specification 3.3.3, "PAM
Instrumentation," of NUREG-1431 was determined based on generic insights obtained from
the Westinghouse NSSS PRA database. The PAM instrumentation that will be included in
the plant specific PAM Technical Specifications will be determined utilizing the plant
specific PRA to determine the plant specific risk significant operator actions. The
Westinghouse NSSS PRA database was only used for demonstrative purposes to identify the
instrumentation that would be included in the PAM Technical Specification for a generic,
reference plant.
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WCAP-15981 Sections 7 and 8 were revised to clarify that the plant specific PRA will be
utilized to determine the plant specific PAM instrumentation that should be included in the
PAM Technical Specification.

(The revisions to Sections 7 and 8 are provided in Attachment 2.)

5. Please explain why operator actions related to prevention of reactor coolant pump (RCP) seal
LOCAs are not among the set of important operator actions identified in Appendix A, given
the large contribution to core damage frequency from RCP seal LOCA sequences in some
Westinghouse plant PRAs, including those employing the latest ("WOG 2000") seal LOCA
methodology.

Response:

Although reactor coolant pump (RCP) seal LOCAs are an important contributor to core
damage for Westinghouse PWRs, there are no operator actions modeled in the PRA to
protect the RCPs from a seal LOCA. The plant specific abnormal/off-normal procedures
provide guidance for restoring RCP seal cooling for those sequences that are susceptible to
RCP seal LOCAs (which are sequences involving a loss of all RCP seal cooling). However,
if RCP seal cooling is not quickly re-established, then the abnormal/off-normal procedures
typically instruct the operators not to re-establish RCP seal cooling in order to avoid
additional RCP seal damage due to thermal shock. The preferred recovery strategy in this
case is to use an aggressive RCS cooldown to cool down the RCP seals. The time available
for restoration of RCP seal cooling is very short (e.g., on the order of minutes) and therefore
recovery from a loss of RCP seal cooling event for accident initiators modeled in the PRA is
very unlikely. The PRA modeling of a recovery from a loss of RCP seal cooling does not
include the diagnosis of the loss of RCP seal cooling and the subsequent unique recovery
strategies; the nominal strategy to bring the plant to a safe stable state would provide an
adequate RCP seal cool down. Thus, there are no risk significant operator actions for
preventing an RCP seal LOCA.

WCAP-15981 Section A.5 was revised to include a discussion of RCP seal LOCAs.

(The revisions to Section A.5 are provided in Attachment 2.)

6. Section 4.2 provides a list of instruments determined from the PRA to be important for
preventing core damage. However, this list does not include several additional instruments
that are indicated as important to risk in Table 7, i.e., containment sump water level (wide
range), containment pressure (wide range), containment isolation valve position, and
component cooling water flow rate. The list/section also does not include several
instruments important to LERF, as discussed in Appendix A, e.g., core exit temperature and
containment isolation valve position indication. Please provide a more complete accounting
and discussion of the risk-significant instruments.
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Response:

The instruments listed in Section 4.2 on page 15 are the same instruments that are listed in
Appendix A on page A-11. These instruments are risk important in the PRA to cue operator
actions necessary to prevent core damage. Tables 7 and 8 were revised to be consistent with
Appendix A and Section 4.2. Appendix A also discusses several operator actions that can be
important to risk but for which there is no unique set of instrumentation to cue the diagnosis
and subsequent implementation of recovery strategies.

The instruments that were determined to be important to cue operator actions to prevent large
early releases, as discussed in Appendix A are:

* Core Exit Temperature
* RCS Pressure
* Steam Generator Level
* Containment Isolation Valve Position
* Containment Pressure

The above instruments are included in Table 7 to show their risk importance.

WCAP-15981 Section 4.2 was revised to include a discussion of LERF that is contained on
pages A-1 Ito A-13 of Appendix A.

(The revisions to Section 4.2 and Tables 7 and 8 are provided in Attachment 2.)

7. The identification of risk-significant operator actions and associated instrumentation is based
exclusively on consideration of the Westinghouse database/survey for internally-initiated at-
power events. Although the impact of externally-initiated events on instrument identification
is addressed qualitatively in Appendix A, it appears that no consideration has been given to
instrumentation that is important in events during low power operation and shutdown. Under
such conditions, certain systems may require manual actuation, and possibly additional
instrumentation to provide the necessary cues/information to operators. Please provide an
expanded assessment that includes consideration of instrumentation needs during low power
operation and shutdown.

Response:

The PAM Technical Specification is applicable in Modes 1, 2, and 3, which ranges from hot
full power in Mode 1, down to a keff < 0.99 and an RCS Tavg > 350'F in Mode 3, to provide
the indications necessary to mitigate DBAs occurring in these modes. Section 4.1 of WCAP-
15981 discusses the operator actions that are assumed in the DBA analysis that are cued from
PAM instrumentation. The evaluation of the DBAs considers the Modes of Applicability,
i.e., Modes 1 through 3 of the PAM Technical Specification, which includes low power
operation. The DBA analyses performed at hot full power bound those analyses at low
power, with a few exceptions, such as, the main steam line break at hot zero power core
response. Section 4.3 of WCAP-15981 discusses the instrumentation utilized in the EOPs,
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which are entered following a reactor trip or safety injection. The DBA analysis, EOPs, at-
power PRA, SAMG, and EPIP are sufficient to determine the appropriate PAM
instrumentation that should be included in the PAM Technical Specification for these Modes.
The at-power PRA analyses also bound the PRA analyses at low power.

The PAM Technical Specification is not applicable in the shutdown and refueling Modes (4,
5 and 6), therefore a shutdown PRA is not required to determine the PAM instrumentation
required in those Modes.

The third bullet, "Risk Impact," on page 10 of WCAP-15981 was be revised to delete the text
"... as well as insights from mode transition (startup and shutdown transition)."

(A revision to page 10 is provided in Attachment 2.)

8. The methodology assumes that all EOP operator actions that are important for preventing
core damage are modeled in the plant PRA. The converse would also appear to be true, i.e.,
any instrument identified in the topical report as important to risk would relate to an
important operator action in the EOPs (or in the SAMG). This would imply that any
instrument identified in Table 7 as significant to risk should also be identified (in Table 7) as
significant to EOPs (or SAMG). This concept has not been consistently applied in Table 7.
For example, pressurizer level and RWST level instruments are both indicated to be
significant to risk, but neither instrument is indicated to be significant to EOPs or SAMG. A
similar relationship may also exist between EOPs and EALs, i.e., an instrument identified in
the topical report as important to an EAL might also relate to an important operator action in
the EOPs or SAMG. Please provide a more consistent accounting of the significance of the
various instrumentation to the EOPs, considering the relationship between the EOP operator
actions and the PRA and EALs.

Response:

As stated in Section 4.3 of WCAP-15981, all of the important EOP actions would be
identified as important PRA actions or important for the declaration of Emergency Action
Levels in the EPIPs. It should also noted that all of the operator actions assumed in the DBA
analyses for which no automatic actuations are available should also be associated with
important EOP actions.

Table 7 of WCAP-15981 was revised to properly reflect this relationship. Section 4.3 of
WCAP-15981 was also revised to reflect the relationship between the DBA assessment and
the EOPs.

(The revisions to Section 4.3 and Table 7 are provided in Attachment 2.)

9. Although a high instrument importance in the PRA might constitute a basis for including an
instrument in technical specifications, a low importance in the PRA would not necessarily
constitute a basis for removing an instrument from technical specifications. Several aspects
of the PRA model would need to be critically assessed at a plant-specific level before using a
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PRA to support such a relaxation. These include the resolution of all relevant PRA quality
issues, the relationship between the instrument and the associated human actions, the
completeness of the human reliability and systems models in areas related to the
instrument/operator actions, and the quantification of these models. Each of these aspects of
the PRA would need to be assessed on a plant-specific basis, rather than generically, based
on the Westinghouse PRA database/survey. Accordingly, the topical report should be
modified to include a clear statement of the plant-specific assessments and reviews of the
PRA that each utility would be expected to perform if instrumentation is to be relocated from
the technical specifications on the basis of risk significance.

Response:

The plant specific PAM instrumentation to be included in the plant specific PAM Technical
Specification will be determined utilizing the plant specific PRA which meets certain
requirements for technical adequacy to ensure that the operator actions are adequately
considered in the PRA model. Specifically, the licensee's PRA should be based on a PRA
whose scope and technical adequacy meets the current industry requirements for risk
informed applications.

WCAP-15981 Sections 3.1, 7, and 8 were revised to clarify that the plant specific PRA,
which meets certain technical adequacy requirements, will be utilized to determine the plant
specific instrumentation that will be included in the plant specific PAM Technical
Specifications.

(The revisions to Sections 3.1, 7, and 8 are provided in Attachment 2.)

10. Justify why RCS Subcooling Margin should not be included within the PAM technical
specification, given that the topical report found this instrument to be important in DBAs,
PRAs, EOPs, and EALs, and that the parameter is also required for ERDS.

Response:

RCS subcooling was found to be an important parameter for diagnosing challenges to core
cooling and for ensuring that adequate margins for core cooling were maintained while
taking actions to mitigate the consequences of accidents. As discussed on page 38 of
WCAP-15981, the RCS Subcooling Monitor indication is derived from a correlation using
the core exit temperature and RCS pressure. While the RCS Subcooling Monitor is typically
the primary indication relied upon by the plant operating staff in the EOPs, the operators are
trained to independently validate the RCS Subcooling Monitor indication from the RCS
temperature (via the core exit thermocouples) and RCS pressure indications. Since both the
core exit temperature and RCS pressure indications are already considered to be important
instruments and are proposed to be included in the PAM Technical Specification, the
operators have a highly reliable and available means of determining RCS subcooling. Since
a means of determining RCS subcooling is available using the instrumentation included in
the proposed PAM Technical Specification, it is not necessary to include the indication
provided by the RCS subcooling instrumentation in the PAM Technical Specification.
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Additionally, see the responses to General Comment RAI Number 4 and Specific
Information Request RAI Number 1 regarding ERDS.

11. The discussion in Section 8 states that plant-specific implementation of the topical report
methodology only requires a confirmation of the generic evaluations contained in the report.
For the PRA portion of the assessment, the only guidance provided is that the utility should
ensure that the PRA Peer Review findings (for the internal events) have been addressed. In
the NRC staffs view, a more comprehensive evaluation would be needed at the plant-specific
level if instrumentation is to be relocated on the basis of risk significance. To determine
whether additional instrumentation should be included in technical specifications, the
evaluation would include: (1) generation and evaluation of plant-specific importance listings
(the generic assessment described in the topical report may be incomplete since the 2002
survey did not include "RAW" importances, and since important human actions from the
latest plant-specific PRA may not have been captured in the Westinghouse PRA database),
(2) identification of instrumentation associated with any additional important operator actions,
and (3) confirmation that the instrumentation needed to support risk important operator
actions has been appropriately considered. To determine if specific instrumentation can be
relocated to licensee controlled documents, the evaluation would include an assessment of:
(1) the relationship between the instrument and the associated human actions, (2) the
completeness of the human reliability and systems models in areas related to the
instrument/operator actions, and (3) the adequacy of the quantification of these models. The
utility evaluation would also include consideration of the plant-specific risk analyses for
external events and low power/shutdown. The discussion on methodology implementation
needs to better describe the plant-specific risk assessments that are expected to be performed
by the utility, and the manner in which the results of these assessments are to be used in the
implementation process.

Response:

Sections 3.2, 7, and 8 were revised to clarify that a plant specific assessment of the DBA
analyses, PRA, EOPs, SAMG and EPIPs, using the methodology described in this report is
required, to determine the plant specific PAM Technical Specification instrumentation. Thus,
the quantitative and qualitative assessments in this report only serve to demonstrate the
generic methodology to be used in a plant specific evaluation.

Sections 3.1 and 8 were revised, as discussed in the response to Specific Information Request
RAI Number 9 above, to include requirements on PRA technical adequacy for assessing the
instrumentation to be included in the PAM Technical Specification.

Section 8 was revised to identify the details of a plant specific PAM instrumentation
evaluation by adding a flowchart that illustrates the process that a licensee would use to
determine whether a specific instrument should be included in the PAM Technical
Specification or relocated to a licensee controlled document.
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As discussed in the response to RAI Number 7, the PAM Technical Specification is not
applicable in Modes 4, 5 and 6. Therefore, insights from shutdown or transition PRA
assessments do not need to be considered in the evaluation of the PAM instrumentation.

(The revisions to Sections 3.1, 3.2, 7 and 8 are provided in Attachment 2.)

12. Please provide a flowchart or logic diagram depicting the process that a utility would be
expected to follow to determine whether a specific instrument should be included in the PAM
technical specification or licensee controlled documents. Important considerations within the
process should include: (1) how the instrument relates to Criterion 3 and 4 of 10 CFR 50.36
(c)(2)(ii), (2) whether the instrument supports important operator actions in the plant-specific
internal events PRA, external events risk assessment, and shutdown risk assessment, (3)
whether the instrument is important for other purposes, such as EOPs, EALs, etc. (if this is in
fact a consideration in the decision), (4) how the instrument would be classified using the RG
1.97 classification approach (if this is in fact a consideration in the decision), and (5) whether
alternate indications are available in lieu of the specific instrument (if this is in fact a
consideration in the decision). The flowchart should also depict the process that a utility
would be expected to follow to: (1) confirm that the plant-specific risk models (for internal
events, external events, and shutdown events) are of suitable quality for this application (i.e.,
peer review findings that could impact the identification and ranking of important operator
actions and associated instrumentation have been resolved), (2) confirm that the plant-
specific risk models are of sufficient detail to reflect the risk significance of the specific
operator actions and instruments, and (3) document the results of the risk evaluation.

Response (Overall):

A flowchart that illustrates the process that a licensee would use to determine whether a
specific instrument should be included in the PAM Technical Specification or relocated to a
licensee controlled document was provided in the revised Section 8.

Response to 12 (1):

See the response to General Comment Number 2 regarding how it is determined whether the
PAM instrumentation satisfies to Criteria 3 and 4 of 10 CFR 50.36 (c)(2)(ii).

Response to 12 (2):

See the discussion on pages A-7 through A-11 of WCAP-15981 regarding the
instrumentation that supports important operator actions in the internal events PRA.

See the discussion in the second paragraph on page 56 and pages A-13 and A-14 of WCAP-
15981 regarding external events.

See the response to Specific Information Request RAI Number 7 above regarding a
shutdown risk assessment.
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Response to 12 (3):

See the response to General Comment RAI Number 4 regarding the use of instrumentation in
the EOPs, PRA, SAMG, and EPIP. See the discussion on pages 21 through 23 of WCAP-
15981 regarding the use of EALs to determine what PAM instrumentation should be
included in the PAM Technical Specification.

Response to 12 (4):

There is no Regulatory Guide 1.97 classification that is used as input to determine whether
the PAM instrumentation should be included in the PAM Technical Specification. The
assessment described in this report is an independent assessment of instrumentation
importances based on current accident management understanding and knowledge. After the
assessment with respect to Criteria 3 and 4 of 10 CFR 50.36 is complete, the Regulatory
Guide 1.97 classification should be updated for consistency with the assessment performed.
Those instruments that satisfy Criterion 3 of 10 CFR 50.36 would then be classified as a
Regulatory Guide 1.97 Type A variable. Similarly, those instruments that satisfy Criterion 4
of 10 CFR 50.36 would then be classified as a Regulatory Guide 1.97 Category I variable.

Response to 12 (5):

-The alternate indications that were identified for the PAM instrumentation proposed to be
included in the PAM Technical Specification are discussed in Table 13 on page 49 of
WCAP-15981. The identification of alternate indications does not input into the
determination of whether PAM instrumentation should be included in the PAM Technical
Specification. The alternate indications were identified to allow unit operation to continue
beyond 30 days with one inoperable PAM channel or beyond 7 days with two inoperable
PAM channels, in lieu of a unit shutdown for those PAM functions that were determined to
have alternate indications. This provision is allowed by Required Action B.1 for one
inoperable PAM channel, and Required Action F. 1 for two inoperable Reactor Vessel Water
Level or Containment Area Radiation (High Range) channels in Technical Specification
3.3.3, "PAM Instrumentation," in NUREG-1431.

(The revisions to Section 8 are provided in Attachment 2.)
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ELECTRICAL AND INSTRUMENTATION AND CONTROLS BRANCH RAIs
(Received May 16, 2005 via an e-mail from G. Shukla (NRC) to S. DiTommaso (XV))

1. Regulatory Guide (RG) 1.97 grouped the variables to be monitored during and after an
accident into five types. RG 1.97 recommends that Category 1 instrumentation provide the
operator with information on the key variables for (1) plant specific Type A variables, (2) the
accomplishment of four Type B plant safety functions (reactivity control, core cooling,
reactor coolant system (RCS) integrity, and containment integrity), (3) the potential for
breach or actual breach of three Type C fission product barriers (fuel cladding, reactor
coolant pressure boundary, and containment), (4) the operation of three Type D safety
systems and other systems important to safety (primary containment system, secondary
system, and auxiliary feedwater system), and (5) the magnitude of release of radioactive
materials of one Type E variable (containment radiation). These functions, potential for
breach, system status, and magnitude are referred to as functions in this request for additional
information.

WCAP-15981 examines each variable that is in the NUREG-1431 (STS) post accident
monitoring (PAM) technical specifications (TSs) or in plant specific PAM TSs and
determines the highest function that each variable served, but does not examine each RG 1.97
function and how the RG 1.97 variables serve each function. The WCAP appears to not
consider that some variables serve multiple functions and multiple types and therefore might
also fall into multiple categories.

The format of the WCAP should be revised to address each RG 1.97 function under each
type, address the key variables for each function, and appropriately categorize each key
variable. If RG 1.97 designated a variable as a key variable for a particular function, but the
WCAP analysis suggests it should not be a key variable, the WCAP should identify the key
variables for that function with appropriate justification. Additionally, the WCAP should
provide the new categorization of any proposed downgrade of variables, along with
appropriate justification as it relates to each function.

Response:

Technical Specification 3.3.3, "PAM Instrumentation," in NUREG-1431, "Standard
Technical Specifications Westinghouse Plants," contains a Reviewer's Note that states:
"Table 3.3.3-1 shall be amended for each unit as necessary to list: 1) All Regulatory Guide
1.97, Type A instruments and 2) All Regulatory Guide 1.97, Category 1, non-Type A
instruments in accordance with the unit's Regulatory Guide 1.97, Safety Evaluation Report."

As discussed on pages 3 and 4 of WCAP-15981, WCAP-15981 was prepared to evaluate the
non-Type A, Category 1 instrumentation to determine whether it should be included in the
PAM Technical Specification based on the staff's conclusion in a 1988 NRC letter which
states: "the staff is unable to confirm the Owners Groups' conclusion that Category 1 Post-
Accident Monitoring Instrumentation is not of prime importance in limiting risk (Criterion
4)."
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The PAM instrumentation was evaluated in WCAP-15981 with respect to the Criteria of 10
CFR 50.36 (specifically Criteria 3 and 4), which are the only Criteria applicable to the PAM
instrumentation Technical Specification. The EOPs were utilized in the methodology
contained in WCAP-15981 to determine the instrumentation that is used to perform specific
manual actions assumed in the DBA analyses for which there is no automatic actuation of
equipment provided. The instrumentation utilized in the EOPs to perform specific manual
actions that are assumed in the DBA analyses satisfy Criterion 3 of 10 CFR 50.36, and
should be included in the PAM Technical Specification.

The PAM instrumentation was also evaluated in WCAP-15981 from a risk perspective based
on risk insights obtained from the PRA in terms of the important operator actions identified
based on risk importance, instrumentation utilized in key SAMG operator actions, and in key
operator actions from the EPIP. If the PAM instrumentation was shown to be important to
risk mitigation in the PRA, SAMG, or EPIP, it satisfies Criterion 4 of 10 CFR 50.36 and
should be included in the PAM Technical Specification.

The reclassification of the instrumentation was performed to reflect how the instrumentation
is currently utilized in accident management, as opposed to the classification identified when
the original plant specific Regulatory Guide 1.97 evaluations were performed. The
evaluation of the current instrumentation utilized in accident management is consistent with
the reclassification of the containment hydrogen monitors based on their use in accident
management as discussed in the 10 CFR 50.44 rulemaking. Therefore a complete
reclassification of the PAM instrumentation that identifies all of the functions and types is
not necessary to evaluate the PAM instrumentation to determine whether it satisfies Criteria
3 and/or 4 of 10 CFR 50.36. The only changes to the Regulatory Guide 1.97 classifications
that are necessary are for the instrumentation whose assessment with respect to Criteria 3 and
4 of 10 CFR 50.36 differs from that in the original Regulatory Guide 1.97 classification. It
should be noted that no instrumentation upgrade due to the reclassification to Regulatory
Guide 1.97 Type A or Category I is required to include this instrumentation in the PAM
Technical Specification.

2. The WCAP recommends that RCS pressure, core exit temperature, pressurizer level, steam
generator level (wide range), and steam generator pressure be reclassified as Type A.
However, since Type A variables are plant specific, it is not clear how the WCAP justifies
the recommendation that a variable be a generic Type A. Please explain the concept of
generic Type A variables and how it would be applied on a plant specific basis.

Response:

The instrumentation that should be included in the PAM Technical Specification based on 10
CFR 50.36 Criterion 3 were determined based on a generic evaluation of the DBA analyses
as discussed in Section 4.1 of WCAP-15981 and a review of the WOG Emergency Response
Guidelines (ERGs) as discussed in Section 4.3 of WCAP-15981. The evaluation that
identified that the instrumentation satisfies Criterion 3 of 10 CFR 50.36 would also need to
reflect that that the instrumentation should be classified as a Regulatory Guide 1.97 Type A
variable for consistency. Therefore, any instrumentation that satisfies 10 CFR 50.36
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Criterion 3 should also be identified as a Regulatory Guide 1.97 Type A variable. The plant
specific evaluation to determine which instrumentation satisfies Criteria 3 and/or 4 of 10
CFR 50.36 and the Regulatory Guide 1.97 classifications will be performed on a plant
specific basis based on a review of the plant specific DBA analyses and EOPs as part of the
plant specific implementation of WCAP-15981.

WCAP-15981 Sections 7 and 8 were revised to clarify that the plant specific DBA analyses
and EOPs will be utilized to determine the plant specific PAM instrumentation to be included
in the plant specific Technical Specifications.

(The revisions to Sections 7 and 8 are provided in Attachment 2.)

3. Some of the variables that the WCAP recommends for inclusion in the Technical
Specifications (refueling water storage tank (RWST) level, high head safety injection (SI)
flow, and steam generator pressure) are not currently classified as Category 1 in RG 1.97.
Therefore, at some plants these instruments might not meet the redundancy, environmental
qualification, seismic qualification, and power source criteria of Category 1 instrumentation.
Is the WCAP proposing that licensees be forced to upgrade this instrumentation or request a
deviation?

If this instrumentation is not upgraded but is included in the Technical Specifications,
changes in the number of channels or the listing of alternate channels of instrumentation must
be written into plant specific Technical Specifications, which would deviate from the STS
philosophy. Please discuss these topics.

Response:

NUREG-1431 currently requires that Regulatory Guide, 1.97, Type A instruments and
Category I, non-Type A instruments be included in the PAM Technical Specification. Prior
to the implementation of NUREG-1431, plant specific PAM Technical Specifications
included/include Regulatory Guide 1.97, non-Category 1, non-Type A instruments and even
some non-Regulatory Guide 1.97 instruments. The current PAM Technical Specifications
for plants who have not converted to NULREG-1431 may also contain Regulatory Guide 1.97,
non-Category 1, non-Type A instruments, as well as non-Regulatory Guide 1.97 instruments.
The Technical Specification Actions address instrument inoperability for those Regulatory
Guide 1.97, non-Category I, non-Type A instruments, non-Regulatory Guide 1.97
instruments, as well as the Regulatory Guide 1.97 Type A and non-Type A, Category I
instruments.

Including these Regulatory Guide 1.97 instruments (refueling water storage tank (RWST)
level, High Head safety injection (SI) flow, and steam generator pressure) in the PAM
Technical Specification if they are not classified as Regulatory Guide 1.97, Category I
instruments is acceptable, since the PAM Technical Specification Actions will address
instrument inoperability for all of the PAM Instrumentation, including any non-Category I
PAM Instrumentation.
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The Bases for current Action (A.1) in Technical Specification 3.3.3, "PAM Instrumentation,"
of NUREG-1431 discusses PAM functions that only have one required channel and other
non-Regulatory Guide 1.97 instrumentation available to monitor the function as a basis for
the 30 day Completion Time. Additionally, the current Actions in Technical Specification
3.3.3 of NUREG-1431 allow unit operation to continue beyond 30 days with one PAM
channel inoperable (Required Action B.1), and beyond 7 days with two PAM channels
inoperable for the Reactor Vessel Water Level and Containment Area Radiation (High
Range) functions (Required Action F.1) based on having alternate indications. The Bases for
Required Action F.1 in Technical Specification 3.3.3 of NUREG-1431 discuss that alternate
means of monitoring Reactor Vessel Water Level and Containment Area Radiation may be
temporarily installed, and that unit operation may continue beyond 30 days with both PAM
channels inoperable for these two functions. Specification 5.6.7, "Post Accident Monitoring
Report," in NUREG-1431 discusses the use of pre-planned alternate methods of monitoring
inoperable PAM instrumentation (Conditions B and F).

WCAP-15981 does not require an upgrade in classification, or a deviation to the Regulatory
Guide 1.97 classification if any of these instruments are Regulatory Guide 1.97, non
Category I, non-Type A instruments, since the Technical Specifications will address
instrument inoperability.

4. For the reactivity control function the WCAP appears to disagree with the RG 1.97
statement: "If two or more instruments are needed to cover a particular range, overlapping of
instrument span should be provided." RG 1.97 recommends Category 1 neutron flux
instrumentation with a range of 10-6% to 100% full power for the reactivity control function.
However the WCAP recommends that source range neutron flux, which monitors 10-6% to
1%, should be a backup variable because it provides diagnostics for maintaining
subcriticality during RCS cooldown and depressurization. Isn't it important for the operator
to determine that the reactor is actually shutdown?

How would the operator verify that the reactor is actually shutdown without information
from the source range neutron flux instrumentation?

Response:

For all accident sequences, immediate subcriticality would be achieved without operator
actions by the insertion of control rods into the core, which is part of the plant design basis
for all DBAs except the large break LOCA. For the large break LOCA, the blowdown forces
may result in an inability to insert control rods, and the rapid injection of large quantities of
highly borated water from the accumulators and RWST ensures that subcriticality is achieved
with no operator actions. Failure to achieve initial subcriticality by control rod insertion
would be diagnosed by the plant operators using the power range neutron flux indication as
prescribed by the plant EOPs. As discussed in Sections 4 and 5 of WCAP-15981, the generic
assessment has determined that the power range neutron flux indication can be an important
PAM instrument that satisfies Criterion 4 of 10 CFR 50.36 (c)(2)(ii). Additionally, the
power range neutron flux indication does not satisfy Criterion 3 of 10 CFR 50.36 (c)(2)(ii),
since automatic features ensure that initial subcriticality is achieved.
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In the longer term, the potential for recriticality is only a concern during RCS
depressurization to cold shutdown conditions for accident sequences where significant
borated water has not been injected into the RCS. In this case, the EOPs instruct the
operators to determine the required RCS shutdown boron concentration and then borate the
RCS to the required level before proceeding with the RCS cooldown and depressurization.
Thus, the optimal recovery guidelines in the EOPs do not rely on the source range monitor.
The source range monitor is only used in the Functional Restoration Guideline portion of the
EOPs for the diagnosis of a potential loss of core shutdown margin. The analyses and
evaluations that support the PRA model typically show that this action is screened out of the
PRA model based on the low probability for accident sequences in which recriticality could
occur in a success path. Therefore, the source range neutron flux indication does not satisfy
Criterion 4 of 10 CFR 50.36 (c)(2)(ii). Additionally, the source range neutron flux indication
does not satisfy Criterion 3 of 10 CFR 50.36 (c)(2)(ii), since automatic features ensure that
initial subcriticality is achieved.

Therefore the source range neutron flux indication is not included in the generic list of
instruments in the proposed PAM Technical Specification in NUREG-1431.

5. For the core cooling function the WCAP appears to disagree with the RG 1.97 statement:
"The measurement of a single key variable may not be sufficient to indicate the
accomplishment of a given safety function. Where multiple variables are needed to indicate
the accomplishment of a given safety function, it is essential that they each be considered key
variables and measured with high-quality instrumentation." RG 1.97 recommends Category
1 instrumentation for RCS hot leg temperature, RCS cold leg temperature, RCS pressure, and
reactor vessel water level to monitor the core cooling function. However the WCAP
recommends that RCS hot leg temperature, RCS cold leg temperature, and reactor vessel
water level should be backup variables because they provide either backup core cooling
information or diagnostic core cooling information and that core exit temperature as
monitored by the core exit thermocouples, as monitored by the core exit thermocouples
(CETs), should be used as the key variable for the core cooling function. The WCAP does
not mention RCS pressure in the core cooling function discussion. The core cooling function
discussion should discuss all of these variables.

How would the operator verify that core cooling is taking place based on core exit
temperature alone?

How would the operator determine that the core is covered or uncovered without knowing
the reactor vessel water level?

The WCAP says of RCS subcooling, "The inputs to the RCS subcooling monitor are the
CETs for RCS temperature and the wide range RCS pressure indication for RCS pressure."
However, a number of plants use information from the CETs, RCS hot leg temperature, RCS
cold leg temperature, and RCS pressure as inputs to RCS subcooling. Since RCS hot leg
temperature and RCS cold leg temperature are input to RCS subcooling, shouldn't they be
considered primary information and, therefore, be classified as Category 1?
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Contrary to the WCAP assessment, RCS hot leg temperature and RCS cold leg temperature
are currently classified as Type A at approximately 41 Westinghouse units. Please explain
this contradiction.

Response:

Section 5.1 of WCAP-15981 discusses the evaluation of the Core Exit Temperature, RCS hot
leg temperature, RCS cold leg temperature, and reactor vessel water level instrumentation
with respect to whether it should be included in the PAM Technical Specification, by
determining whether they satisfy Criterion 3 and/or Criterion 4 of 10 CFR 50.36. Only the
Core Exit Temperature and RCS Pressure indications are proposed to be included in the
PAM Technical Specification based on satisfying Criterion 4 of 10 CFR 50.36. This
assessment concluded that only the core exit thermocouples can provide a direct indication of
core cooling. Hot leg and cold leg RTD indications can be affected by accident conditions
that may mask the actual core cooling condition (e.g., the impact of SG reflux cooling in the
hot leg RTDs). Therefore, the RCS hot leg temperature, RCS cold leg temperature, and
reactor vessel water level instrumentation are proposed to be relocated from the PAM
Technical Specification to a licensee controlled document since they do not satisfy Criterion
3 or4 of 10 CFR 50.36. Not all of the instrumentation utilized in the EOPs is included in the
PAM Technical Specification.

The most direct inputs to determining RCS subcooling are the core exit thermocouples
(CETs) for RCS Temperature, and wide range RCS Pressure indications. Both of these
indications are proposed to be included in the PAM Technical Specification by WCAP-
1598 1. Even if the actual plant RCS Subcooling Monitor uses the RCS hot leg or cold leg
temperature inputs for determining RCS subcooling, the core exit thermocouples are an
adequate alternate and preferred indication for this determination. The core exit
thermocouples provide the highest indication of the RCS fluid temperature since they are
located at the core outlet region of the reactor vessel, and therefore provide a minimum
subcooling indication.

RCS hot leg temperature and RCS cold leg temperature are currently classified as a
Regulatory Guide 1.97 Type A indication based on the current Regulatory Guide 1.97
evaluations of PAM Instrumentation that may not have determined how this instrumentation
is utilized in the DBA analyses and EOPs. If it is determined that this instrumentation is a
Regulatory Guide 1.97 Type A indication based on the plant specific DBA analyses and
EOPs, then this instrumentation would be included in the PAM Technical Specification for
that plant.

6. For the RCS integrity and reactor coolant pressure boundary functions the WCAP appears to
disagree with the RG 1.97 statement: "The measurement of a single key variable may not be
sufficient to indicate the accomplishment of a given safety function. Where multiple
variables are needed to indicate the accomplishment of a given safety function, it is essential
that they each be considered key variables and measured with high-quality instrumentation."
RG 1.97 recommends Category 1 RCS pressure, containment sump water level (wide range),
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and containment pressure instrumentation to monitor the RCS integrity function. RG 1.97
also recommends Category 1 RCS pressure, containment pressure, and containment sump
water level (wide range) instrumentation to monitor the reactor coolant pressure boundary
function. However, the WCAP recommends that containment sump water level (wide range)
should provide information on the status of SI from the RWST and should, therefore, be
Category 2. The WCAP should discuss the role of containment sump water level (wide
range) instrument in the RCS integrity and reactor coolant pressure boundary functions.

How would the operator determine the amount of water in containment to support switchover
to recirculation without knowing the containment sump water level?

How would the operator determine if a break in RCS piping is inside or outside containment
without containment sump water level?

How is the WCAP recommendation for RWST level being included in the TSs affected
based on automatic switchover to recirculation, semiautomatic switchover to recirculation, or
manual switchover to recirculation?

Contrary to the WCAP assessment, containment sump water level (wide range) is currently
classified as Type A at approximately 18 Westinghouse units. Please explain this
contradiction.

Response:

The diagnosis of RCS pressure boundary integrity as a critical safety function in the EOP
functional restoration guidelines does not rely on the containment water level indication. A
loss or potential loss of RCS integrity is diagnosed in the EOPs from RCS pressure, RCS
temperature (for pressurized thermal shock concerns only) and pressurizer level. All of these
parameters are indicated by instrumentation that has been determined to satisfy Criterion 3 or
4 of 10 CFR 50.36 for other reasons (e.g., RCS pressure wide range, core exit temperature
and pressurizer level) and proposed to be included in the PAM Technical Specification.
Therefore, the PAM instrumentation provides a means for the diagnosis of a loss, or potential
loss, of RCS pressure boundary integrity. However, since the automatic actuation of systems
and components in response to a loss of RCS integrity is included in the design of
Westinghouse PWRs, pressurizer level and RCS pressure are not important for diagnosing a
loss of the RCS pressure boundary. Similarly, RCS pressure and RCS temperature are used
in the EOPs as indicators of a potential loss of RCS integrity due to pressurized thermal
shock concerns. However, the potential for a loss of RCS integrity due to pressurized
thermal shock is not a DBA, and has been shown to be a negligible PRA contributor to risk
(Reference: Technical Basis for Revision of the Pressurized Thermal Shock (PTS) Screening
Criteria in the PTS Rule (1OCFR50.61), Draft, December 2002, Accession Number
ML030090632). Therefore, containment sump level wide range is not used as an indicator of
RCS pressure boundary integrity.

The use of the containment sump level wide range indication in accident management is
discussed on page 37 in Section 5.1 of WCAP-15981.
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As discussed on page 38 of Section 5.1, the RWST level alarms and/or indication are utilized
to obtain information regarding the switchover to the emergency core cooling and
containment spray recirculation mode.

For the diagnosis of a LOCA inside containment, the containment sump water level is used in
the EOPs, as the third indication (after the containment pressure and containment radiation
indications). Following a reactor trip and automatic initiation of safety injection (based on
low pressurizer pressure) any one of the three indications is sufficient for the operators to
diagnose a LOCA condition; the other two indications may provide confirmation of the
LOCA. For example, in the case of a small LOCA (e.g., less than 2 inch equivalent
diameter) that results in an SI signal, the first indication would likely be a small increase in
containment radiation levels and potentially a slight increase in containment pressure (e.g.,
less than 1 psig). Depending on the break location, the break water might not quickly reach
the containment sump and provide an indication of a containment sump level increase.
Additionally, for the diagnosis of a LOCA outside containment, following reactor trip and
automatic initiation of safety injection the containment sump water level indication (e.g., no
increase in containment sump level) is the third indication utilized in the EOPs (after a
decreasing RCS pressure indication and an increasing auxiliary building radiation indication).
For the most probable LOCA outside containment, according to PRA studies, is the
interfacing system LOCA outside containment in the low pressure RHR piping connected to
the RCS. This would likely result in a containment sump water level indication, since the
flow from the relief valves on the RHR piping is routed back to pressurizer quench tank
whose rupture disk would quickly open and release fluid to the containment. Thus "no
containment sump level" is not a reliable indicator of a LOCA outside containment. In
summary, the diagnosis of RCS pressure boundary integrity as a critical safety function in the
EOP functional restoration guidelines does not rely on the containment sump water level
indication.

Depending on the plant design, some plant designs provide automatic switchover to the
recirculation mode, while other designs provide semi-automatic switchover to the
recirculation mode, and some designs require manual switchover. The automatic or semi-
automatic switchover function is provided by the Engineered Safety Features Actuation
System (ESFAS) function based on RWST level, and is included in the ESFAS
Instrumentation Technical Specification for those plant designs. Some of the automatic
switchover to the recirculation mode designs also require an RWST Low-Low Level signal
coincident with a Containment Sump Level- High signal to prevent spurious switchover. The
RWST Low-Low Level signal coincident with a Containment Sump Level-High Function is
included in the ESFAS Instrumentation Technical Specification for those plant designs. If
the switchover to the recirculation mode is provided manually, it is first cued from the RWST
alarm and not the RWST level indication, nor the Containment Sump Water Level (Wide
Range) indication. If the switchover to the recirculation mode is provided manually utilizing
the RWST Level indication, the RWST level indication would be included in the PAM
Technical Specification as proposed by WCAP-15981, and identified as satisfying Criterion
3 of 10 CFR 50.36 and identified as a Regulatory Guide 1.97, Type A variable. Table 10 was
revised to reflect that the RWST Level is a Regulatory Guide 1.97, Type A variable for those
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plants that utilize its indication for manual or semi-automatic switchover to the recirculation
mode.

WCAP-15981 evaluated the Containment Sump Water Level (Wide Range) instrumentation
with respect to whether it should be included in the PAM Technical Specification by
determining whether it satisfies Criterion 3 and/or Criterion 4 of 10 CFR 50.36.

The Containment Sump Water Level (Wide Range) instrumentation is proposed to be
relocated from the PAM Technical Specification to a licensee controlled document since it
does not satisfy Criterion 3 or 4 of 10 CFR 50.36, however, it will still be available for
monitoring purposes. Not all of the instrumentation utilized in the EOPs is included in the
PAM Technical Specification.

Containment sump water wide range is currently classified as a Regulatory Guide 1.97 Type
A variable based on the current Regulatory Guide 1.97 evaluations of PAM Instrumentation
that may not have determined how this instrumentation is utilized in the DBA analyses and
EOPs. If it is determined that this instrumentation is a Regulatory Guide 1.97 Type A
indication based on the plant specific DBA analyses and EOPs, then this instrumentation
would be included in the PAM Technical Specification for that plant.

WCAP-15981 Sections 4.1, 5.1 and Table 10 were revised to be consistent with the
information provided in this response.

(The revisions to Sections 4.1, 5.1 and Table 10 are provided in Attachment 2.)

7. For the operating status of the auxiliary feedwater (AFW) system, the WCAP appears to
disagree with the RG 1.97 statement: "The measurement of a single key variable may not be
sufficient to indicate the accomplishment of a given safety function. Where multiple
variables are needed to indicate the accomplishment of a given safety function, it is essential
that they each be considered key variables and measured with high-quality instrumentation."
RG 1.97 recommends Category 1 condensate storage tank level instrumentation to monitor
the operating status of the AFW system. However, the WCAP has recommended that
condensate storage tank level should be downgraded to Category 2 and should provide
information to indicate whether a continued steam generator heat sink can be maintained and
long term AFW system operating status.

It appears that the WCAP justifies using AFW flow in lieu of condensate storage tank level
as the key variable for the AFW system status. Please explain the relationship between these
variables with respect to AFW system status.

How would the operator verify that there is sufficient water to feed the AFW system without
knowing the condensate storage tank level?

Contrary to the WCAP assessment, condensate storage tank level is currently classified as
Type A at approximately 16 Westinghouse units. Please explain this contradiction.
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Response:

As discussed in Section 5.1 of WCAP-1598 1, the AFW Flow and Steam Generator Level
instrumentation provide the indications used in the EOPs for diagnosing issues related to the
performance of the AFW system. The primary diagnosis used in the EOPs for inadequate
AFW performance is the AFW flow rate indication. The second symptom used in the EOPs
to diagnose inadequate AFW performance is a decreasing SG water level. CST level is not
used in the diagnosis of inadequate AFW performance.

While the CST level instrumentation is the primary indication of the ability to continue to
provide AFW flow to the steam generators to provide a secondary side heat sink for decay
heat removal from the reactor core, CST refill is a long-term action that is typically not
required in the first 16 to 20 hours after an accident. For the DBA events, the plant would
either be on normal RHR cooling (for non-LOCA events) or ECC recirculation in a time
frame well before the CST inventory is exhausted. Operator actions to refill the CST based
on low CST level indication are modeled in some PRA models. The results of the PRA
assessment in Appendix A of WCAP-15981 show that the CST level indication has a low
risk significance. The low risk significance is based on: a) the low probability that natural
circulation would be the only means of maintaining the core in a safe stable state following
an accident, and b) the long time to deplete the CST during which CST refill would have
begun and been monitored based on the available CST level indications (including local
indications) if long term natural circulation decay heat removal was selected as the long term
safe stable state.

WCAP-15981 evaluated the condensate storage tank level instrumentation with respect to
whether it should be included in the PAM Technical Specification by determining whether it
satisfies Criterion 3 and/or Criterion 4 of 10 CFR 50.36. Since it does not satisfy Criterion 3
or 4 of 10 CFR 50.36, the condensate storage tank level instrumentation is proposed to be
relocated from the PAM Technical Specification to a licensee controlled document. If it is
determined that the condensate storage tank level indication is risk important form a plant
specific PRA, then this instrumentation should be included in the PAM Technical
Specification for that plant.

The condensate storage tank level is currently classified as a Regulatory Guide 1.97 Type A
indication based on the current Regulatory Guide 1.97 evaluations of PAM Instrumentation
that may not have determined how this instrumentation is utilized in the DBA analyses and
EOPs. If it is determined that this instrumentation is a Regulatory Guide 1.97 Type A
indication based on the plant specific DBA analyses and EOPs, then this instrumentation
would be included in the PAM Technical Specification for that plant.

WCAP-15981 Section 5.1 was revised to be consistent with the information provided in this
response.

(The revisions to Section 5.1 are provided in Attachment 2.)
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8. The WCAP includes a discussion of alternate instrumentation for power range neutron flux,
high head SI flow, containment area radiation (high range), steam generator water level
(wide range), and auxiliary feedwater flow. Some of these alternate instruments either are
not currently classified as Category 1, the WCAP recommends for downgrade from Category
1, or are not part of the RG 1.97 program. To take credit in the Technical Specifications for
alternate instrumentation, the alternate instrumentation should also be in the Technical
Specifications. Please revise the discussion of alternate instrumentation to include only
Category 1 instruments that are included in the Technical Specifications.

Response:

Technical Specification 3.3.3, "PAM Instrumentation," in NUREG-1431 allows the use of
Regulatory Guide 1.97 non-Category I instrumentation as alternate instrumentation for
inoperable PAM instrumentation and the alternate instrumentation does not have to be
included in the Technical Specifications as discussed below.

The Bases for current Action (A.1) in Technical Specification 3.3.3, "PAM Instrumentation,"
of NUREG-1431 discusses PAM Functions that only have one required channel and other
non-Regulatory Guide 1.97 instrumentation available to monitor the function as a basis for
the 30 day Completion Time. Additionally, the current Actions in Technical Specification
3.3.3 of NUREG-1431 allow unit operation to continue beyond 30 days with one PAM
channel inoperable (Required Action B.1), and beyond 7 days with two PAM channels
inoperable for the Reactor Vessel Water Level and Containment Area Radiation functions
(Required Action F.l) based on having alternate indications. The Bases for Required Action
F.1 in Technical Specification 3.3.3 of NUREG-1431 discuss that alternate means of
monitoring Reactor Vessel Water Level and Containment Area Radiation (High Range) may
be temporarily installed, and that unit operation may continue beyond 30 days with both
PAM channels inoperable for these two functions. Specification 5.6.7, "Post Accident
Monitoring Report," in NUREG-1431 discusses the use of pre-planned alternate methods of
monitoring inoperable PAM instrumentation (Conditions B and F).

The justification for the use of alternate instrumentation contained in Section 6 of WCAP-
15981 was revised to provide a more complete discussion of the adequacy of the
instrumentation proposed to be used as alternate instrumentation for the PAM
instrumentation included in the PAM Technical Specification.

(The revisions to Section 6 are provided in Attachment 2.)
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TECHNICAL SPECIFICATION SECTION RAIs
(Received May 26, 2005 via an e-mail from G. Shukla (NRC) to S. DiTommaso (W))

1. "The STS (NUREG-1431) Post Accident Monitoring Instrumentation, Table 3.3.3-1 requires
all Regulatory Guide 1.97, Type A instruments and all Regulatory Guide 1.97, Category 1,
non-Type A instruments in accordance with the unit's Regulatory Guide 1.97, Safety
Evaluation Report. WCAP-15981 proposes changes that will revise the list to include
generic Type A instruments and revise the categorization of certain Category 1 instruments.
Provide a markup of STS LCO 3.3.3 and the LCO 3.3.3 Bases to show the proposed changes
to the'staff precedent in the STS."

Response:

The Technical Specification and Bases markups that reflect the changes to Technical
Specification 3.3.3 of NUREG-1431 that are proposed by WCAP-15981 will be provided by
April 14,2006.
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Instrumentation is not of prime importance in limiting risk (Criterion 4). Recent PRAs have shown the
risk significance of operator recovery actions which would require a knowledge of Category I variables.
Furthermore, recent severe accident studies have shown significant potential for risk reduction from
accident management. The Owners Groups' should develop ffirther risk-based justification in support of
relocating any or all Category I variables from the Standard Technical Specifications" The Owners - -
Groups participating in the development of the NUREG-1431 choose not to evaluate the inclusion of
Regulatory Guide 1.97 Non Type A, Category 1 instrumentation in the PAM Technical Specification at
that time. Therefore, Technical Specification 3.3.3 was issued with the requirement that all plant specific
Regulatory Guide 1.97 Type A, and all plant specific Regulatory Guide 1.97 Category I instrumentation
be included in the PAM Technical Specification.

Deleted:. The Owners Groups'should
develop further Tisk-based justification in
aspport of relocating any or all Categosy
I variables fromrthe Standard Technical
Specifications . :

This report was developed to specifically address the NRC request to further evaluate the inclusion of
Regulatory Guide 1.97 Category I variables in the PAM Technical Specification. In addition, this report
provides a generic methodology for developing a technical basis for relocating certain Post Accident
Monitoring instruments from the Technical Specifications. The conclusions contained in this report are
based on generic risk insights (i.e., evaluations against 10 CFF. 50.36 (c)(2)(ii) Criterion 4) and a
reevaluation of the oerall basis forAccident Monitoring instrumentation with respect to the first
three Criteria of 10 CFR 50.36 (c)(2)(ii). This report also includes the consideration of the reliance on the
instrumentation not specifically evaluated when the list of PAM instrumentation was originally developed
in NUREG-1 43 1. These additional considerations include instrumentation required to mitigate the
consequences of beyond design basis accidents, such as those that are important for Severe Accident
Management (e.g., SAMG), and offsite emergency radiological protection actions (e.g., Emergency
Action Level (EAL) declarations and offsite dose calculations).

The purpose of the PAM instrumentation is to provide a reliable means of monitoring plant variables and
systems following an accident (Reference 2). These indications of plant variables are required by the
operators during accident situations to (Reference 2):

* Permit the operator to take pre-planned manual actions to accomplish safe plant shutdown,
* Determine whether systems important to safety are performing their intended functions, and
* Enable the determination of the potential for a gross breach of the barriers to radioactivity release.

In addition, there are other indications of plant variables that provide information on the operation of
systems important to safety to the operators during an accident to:

* Permit operators to make appropriate decisions on the use of systems, and

* Permit the early determination of the need to initiation offsite emergency radiological protective
actions and estimate the magnitude of the threat

The indications of plant variables important to safety, according to the above criteria, are classified in
Regulatory Guide 1.97 according to the definitions in Table 1.
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Table 3 PAMI Instrumentation Contained in NUREG-1431

Power Range Neutron Flux Penetration Flow Path Containment Isolation Valve
Position

Source Range Neutron Flux Containment Area Radiation (High Range)

Reactor Coolant System Hot Leg Temperature Pressurizer Level

Reactor Coolant System Cold Leg Temperature Steam Generator Water Level (Wide Range)

Reactor Coolant System Pressure (Wide Range) Condensate Storage Tank Level

Reactor Vessel Water Level Core Exit Temperature (Quadrants 14)

Containment Sump Water Level (Wide Range) Auxiliary lFeedwater Flow

Containment Pressure (Wide Range)

Some instrumentation not contained in Technical Specification 3.3.3 of NUREG-1 431, is contained in the
PAM Technical Spec5fications of other Westinghouse NSSS plants. In most cases, these plants have not
converted toNUREG-1431. The additional PAM instrumentation included in the Technical
Specifications for these plants are identified in Table 4.

I

I

I

Table 4 PAM Instrumentation Not Contained In NUREG-1431

Auxiliary Feedwater (AFW) Valve Position RCS Subccoling Margin

Boric Acid Tank (BAT) Level Residual Heat Removal (RIR) Flow

Condenser Air Ejector (High Range) Refueling Water Storage Tank (RWST) Level

Containment Enclosure Negative Pressure Pressurizer Safety Valve Position

Containment Sump 3Latcr Level (Narrow Range) Spray Additive Tank (SAT) Level

Containment Pressure (Narrow Range) Spent Fuel Pool Exhaust Radiation (High Range)

Containment Water Level (Wide Range) Steam Generator Blowdown Radiation

Intermediate Range Neutron Flux Steam Generator Pressure

Plant Vent Stack (Hligh Range) Steam Generator Water Level (Narrow Range)

Pressurizer Pressure Steam Line Radiation

Power Operated Relief Valve (PORV))position Turbine Driven Auxiliary FeedwaterfrDAFW) Pump
Exhaust Radiation

PORV Block Valve Position lligh TTnd Saety inicction Flow

-_- 43Deleted: Valves -

.- - Deleted: and PORV Block Vahl - -e
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Since Ihe results from the licensee's PRA will be one of several inputs used to identify the plant specific
instrumentation that satisfies Criterion 4 of IO CFR 50.36 (c)(2N(ii). the acceptable PRA scope and
technical adequacy required to support this application must be considered. PRA technical adequacy is
addressed through the PRA peer reviews and self assessments using a variety of guidance. including the
American Society ofMechanical Engineers (ASMNE) PRA Staidard (Reference 7). Nuclear Enere
Institute (NTE) PRA Peer Review Process Guidance (Relerence 8) and/or Reeulatorv Guide 1.200
(Refcrence 9). The purpose of these references is to assure that the PRA is of sufficient technical
robustness to be used in regulatorv applications. As stated in Section 2.2.3 of Reculatory Guide I. 1.74
Revision 1:

.T7e svape, level of detail, and technical acceptability o1 the PRA are to be co nen-surare with
the application for which it is intended andi the role the PRIA results pln inl the inteerated decision
process. The more emtha.sis that is Put on the risk insiehit and on PRA results in the decision
inakine process, rhe more tegrirenents trhorhave ro be placed on the PRA in terms of botr scope
and how nevu the risk and the chanee in rink is assessed

"Conversely. emphasis on the PRA scove, level of letail. ard technical acceptability can be
redhuced ifa proposed chanee to thre LB results in a risk decrease or is verv smoall or if the
decision cottH be based nowsly on traditional eneineer-ing eramvents. or iffcnnpensatill
nmeasures amy Pro posed snch tral it ccn be cotrvincinely arvued tha7 the chanee is ven small.

The identification of the instrumentation that satisfies Criterion 3 or 4 of 10 CFR 50.36 (c)(2)(ii)
that should bc included in the PAM Technical Specification is based on the operator importances
from the DBA analyses, the PRA and severe accident rianaweelent and emereency plan actions
from the SAMG and EPIP. As shown in Table 7 for the eeneri^ results, most of the
instrumentation that were found to satisfy Criterion 3 or 4 of I OCFR50.36(c)(2)(ii) for inclusion
in the PAM Technical Snecification are based on several of the inputs and not solelv the PRA
results. In addition, the PRA is onilv used as a risk ranking tool (e.e.. use of relative risk
importances rather than delta-CDF and della-LERF). Therefore. the technical adequacy of the
PRA does not need to be at the hiehest levels for this applicatiin.

The important features of the PRA that can impact its use in tlh identification ofthe instrumentation that
satisfies Critcrion 4 of 10 CFR 50.36 (c)(2)(ii) are the compnlteness and technical adequacy of the
operator actions to prevent core d:mane or mitieate the consequences of LERF sequences. The role of
instumcntation in risk is found tiroiugh the impoltance of operator actions modelcd in the PRA tiat are
cued from instrumentation. Therefore, it is important to assure that the operitor actions that could prevent
core damaec or mitipate LERF are included in the PRA model and are appropriately modeled. Thc risk
importance of instnmmentation %vill have the ereatest sensitivitv to this aspect of the PRA. Of secondan
importance are the technical adequacy and completeness of the accident sequence identification and
quantification and the technical adequacy of the data used in the PRA for initiating event frequencies and
equipment reliability.

The more extensive PRA technical adequacy retuirements contained in References 7 and 9. while
assurine a more robust PRA. are not required for this apnlicati n. since the determination ofthe PAM
Technical Specification instrumentation does not rely solely on the PRA and the CDF and LERF values
determined from the PRA model.

The PRO scope necessary to assure that important risk insights are included in the detennination of the
PAM instrumentation should include at least an at-power PRA for internal initiating events that considers
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CDF (a Level I PRA). as well as early fission product releascs; (a LERF assessment) and at least a
qualitative assessment of late containment failures, and core darmagc risks from seismic, fire and
shutdowrn initiating events. The qualitative assessment of external events and shutdown risks will
generally result in a more conservative approach in determinirng the safety significance of components.
compared to a quantitative PRA assessment. A review of the important operator actions from several
Westinehouse NSSS plants with a fully guantiried external events PRA. as discussed in Appendix A. has
shown that the important operator actions that arc based on control room instrumcntation in the external
events PRA are the samc as those already determined to be si nificant from the internal events PRA.

II
r

I
II

II
i

3.2 XtIETHODOLOGY

Zhe overall methodology nLsed assessinstgheiuportaneof instrumentttion toJbe.inchdedin the PAM
Te_ ncal Spiecifiction is similar to the methodology Reference 10) developed and used in the
successful elimination of Post Accident Sampling System (PASS) requirements that specifically addressed
offsite emergency radiological protection aspects important to safety.

Alithough the approach used in this report uses the results of PRA assessments, it is not a risk-informed
application in accordance with Recgulatory Guide I. 1.74. Rather than focusing on the five elements of a
risk informed approach as specified in Regulatory Guide 1.174. this approach directly assesses the
imnortance of instrumentation with respect to the Criteria of I1) CFR 50.36 (c)(2)(ii). This direct
assessment uses the plant DBA analyses. PRA. EOPs. SAMG nnd EPIP as the basis for assignina
importance to the instrumentation. Therefore. the methodolog y used in this report is more prescriptive
than a risk inforned approach.

PAM instrumentation is intended to provide indications of plant parameters that are the basis for
important operator actions to bring the plant to a safe stable state in the event of an accident. The
information available to make this determination includes:

* Design Basis Accidents - While most DBAs rely on instrumentation that provides a signal to
automatically initiate systems and components to bring the plant to a safe stable state, there are
also several key operator actions assumed in the DBA analyses.

Deleted: The NRC StaffRequiremIents
(Reference 6) regarding the acceptable -:
PRA scope and quality to support
regulatory ipplications hat also becn
considered in developing the -
reconrnendation for the appropriate PAM
istuirmentation. Phase I of Reference 6

allows the use of Regulatory Guides
1.174 and 1.177tobe used. PRA quality
in addressed through the PRA peer:
reviews, the American Society of:
Mechanical Engineers (ASME) PRA
Standard (Reference 7) Nuclear Energy
Istitsute (NET) PRA Peer Review Process
Guidance (Reference s) and the draft--
Regulatory Guide 1.200 (Reference 9)-
The purpose of these effons is to assure
that the PRA is of sufficient quality to be
used in regulatory applications The PRA
cope necessary to assure that important

risk insights are included h the
determination of the PAM
instrumentation should include at least an
at-power PRA fjr irternal initiating
events that considers CDF (a Level I
PRA), as well as early and late fission:
product releases (a Level 2 PRA) and at
eat a qualitatIve assessment of seisrnic;-

fire and shutdown risks.':-The qualitative
assessment ofextemal events and
sbutdozvn risks wilt generally result in a
miore conse'rvative approach to :-=.
dtemuininigthesafety significanceef : -
components, compared to a quantitative
PRAassessment.'Areview of the
important opemator ationisfromnseveral-
Westinghouse NSSS plants with a fully
quantified external events PRA has -
showv that the important operator actions
that are based on contsol roomr
instrumentation in the external evesits
PRA are the rame aS those already -
deternined to be significant from the
internal events PRA. Therefore, licensees
using the methodology in this report need.
to provide evidence that their PRA meets
theNRC StaffRequirements for Phase I"
of Reference 6. That in, the licensee's.
PRA should be based on the PRA scope
and quality for Westinghouse NSSIT

Formatted: Bullets and Numbeing -

Deleted: An

(Deleted: using PRA results as an input

(Deleted: changes

(Deleted: plant licensing basis

Deleted: detailed in Regulatory Guide
1.174. tThis regulatorY guide is wrinen at
a high level and additional guidance is
required :

Deleted: develop a methodology fir
specific applications such as tO-

Deleted: PAM Technical Specification.
For example, a detailed

(Deleted: was

* rrOaUStts LISU S -Isscssment- Ise rsAImOucas a 1Isrn1er OT UperaLOT atuns Lo bring Uuc plan
to a safe stable state and prevent core damage.

* Emergency Operating Procedures - The EOPs provide guidance for the operator response to an
accident, based on instrumentation indications of plant parameters. The EOPs are the basis for
the PRA and DBA operator action modeling. II
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* Severe Accident Management Guidance - The SAMG provides guidance for the operator
response to mitigate the consequences of a severe core damage, including protecting fission
product boundaries. The SAMG operator actions are based on instrumentation indications of key
plant parameters.

* Emergency Plan and Emergency Plan Implementing Procedures - The EPIPs provide guidance
for making decisions regarding offsite radiological prctective actions based on the indications of
plant parameters for several key instruments.

The following screening criteria have been developed for assessing the importance to safety of the PAM
instrumentation, as described below and summarized in Table 5.

I

Table 5 Screening Criteria for Assessing PAM Instrumentation

Area Criteria

Design Basis Accidents Is credit taken for operator actions in the DBA analyses documented in the
Updated Final Safety Analysis Report (UFSAR) based on instrumentation
indications? Instrumentation that supports these operator actions satisfies
Criterion 3 of 10 CFR 50.36 (c)(2)(ii).

Probabilistic Risk Assessment Is credit taken for operator actions in the PRA for a hiph risk significant
function based on instrumentation indications? A high risk significance is
defined from CDF and LERF Risk Achievement and Risk Reduction
metrics, Instrumentation that supports these operator actions satisfies
Criterion 4 of 10 CFR 50.36 (c)(2)(ii).

Emergency Operating Procedures No screening criteria; import ance of EOP measures is included in the DBA
and PRA assessments.

Severe Accident Management Does the instrumentation provide an indication that would result in
Guidance operator actions to prevent failure of a fission product barrier that

could produce a "large early release" or a "large late release"?
Instrumentation that supports these operator actions satisfies Criterion 4
of 10 CFR 50.36 (c)(2)ii).

Emergency Plan Implementing Does the instrumentation provide a risk significant indication used to
Procedures classify an accident according to the appropriate EAL? Only those criteria

that would result in the declaration ofa General Emergency condition are
considered risk significant. Instrumentation that supports these operator
actions satisfies Criterion 4 of 10 CFR 50.36 (c)(2)(ii).

Does the instrumentation provide a primary indication used to assess the
severity of potential fission product releases according to the Offsite Dose
Calculation Manual (ODCMY! Instrumentation that supports these operator
actions satisfies Criterion 4 of 10 CFR 50.36 (c)2)(ii).

Does the instrumentation provide a primary indication of the degree of
core damage for the Core Damage Assessment (CDA) from which
offsite radiological protection actions might be taken? Instrumentation
that supports these operator actions satisfies Criterion 4 of
10 CFR 50.36 (cX2Xii).

t- - -ADekted; pa RegGuide 1.174.-:. -::
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Screening criteria have not been developed for determining the instrumentation that are utilized in the
EOPs. The EOPs identify a wide range of instrumentation that are the basis for operator actions. While
some of the instrumentation may be important in the DBA and PRA accident analyses, a larger portion of
the instrumentation is used to verify plant conditions and the success of EOP prescribed actions and is
therefore not of high safety significance. Further, the operator actions in the DBA and PRA analyses are
based on the instrumentation specified in the EOPs. Therefore, the screening criteria for the DBA and
PRA will identify the importance of the instrumentation utilized in the EOPs.

Although this is not a risk-informed application, sonic of the basic elements of Rculatory Guide 1. 174
have been addressed in this application. In particular, this report provides:

Reason for Proposed Change - The reason for change touches on each of the identified
categories: the change improves operational safety by including certain key risk significant
instruments in the Technical Specifications that were not previously included; the change
enhances the consistency of risk basis in regulatory requirements by providing a sound technical
basis for satisfying Criterion 4 of 50.36 (c)(2)(ii); and the change reduces unnecessary regulatory
burdens by removing certain instruments form the PAM Technical Specifications that do not

directly impact safety.

_ - Deleted: The basis for determining risk
significance isthatdescribedin
Reglatosy Guide 1.174. Incoimpisnce
With the regulatory position in Regulatoty
Guide 1.174 this report providesi1

Defense in Depth - Defense in Depth has been considered to ensure that a reasonable balance
among prevention of core damage, prevention of containment failure, and consequence mitigation
is preserved by maintaining those instruments in the PAM Technical Specification that are
important for preventing core damage, maintaining containment integrity and implementing
offsite emergency planning activities. Also, redundancy, independence, and diversity are
maintained by identifying those instruments that can b. used as back-ups to the instruments
included in the PAM Technical Specifications.

* Safety Margins - Safety margins are maintained by ensuring that the instrumentation used to
support operator actions credited in the design basis accident analyses are controlled by the PAM
Technical Specifications.

* Risk Impact - The risk impact of instrumentation to support operator actions is considered by
using the available risk assessment tools, as discussed in Appendix A, including the at-power
PRA, the fire and seismic PRA assessments, the Level 2 PRA containment integrity assessment, - - Deleted: as well as insights from mode

- - - - -- - - - - - - - - - transtition(startupandshutdown .
the Severe Accident Management Guidance and the Site Emergency Plan. Ak importance - rnsition . n h
measures were used to identify instrumentation that supports risk significant operator actions in - Delet: Th risk -

the Level I PRA. The assessments from the other risk assessment tools (e.g., Level 2 PRA, Delted: as dcribed in Appendix A |

SAMG E-Plan) were more qualitative, but provide the key insights regarding the importance oOfof Regilatory Guide 1;174

instrumentation in preventing or mitigating risk significant conditions.

| * Instrumentation that is relocated from the PAM Technical Specifications LCDs will still be _ _ Deleted: removed;

monitored for availability and subject to appropriate corrective action where appropriate. - Deleted: and relocated-:- -
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Therefore, it is concluded that an appropriate process has been used to consider the re-definition of the
plant instrumentation that should be included in the PAM Technical Specification and a reclassification
of the PAM instrumentation proposed to be relocated from the Technical Specifications, similar to the
re-classification of the hydrogen monitors from Category I to Category 3 in the 50.44 rulemaking.

The methodology for determining the PAM instrumentation that should be included in the Technical
Specifications, and the PAM instrumentation that can be relocated from the Technical Specifications was
based on generic DBA, PRA, EOP, SAMG, and EPIP information for Westinghouse NSSS plants.
Therefore, implementation of this methodology on a plant specific basis requires the confirmation of the
generic conclusions contained in the WCAP byreviewing the plant-specific DBA analyses. PRA. EOP.
SAMG and EPIP.
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4 INSTRUMENTATION ASSESSMENT

This section provides the results of an assessment of the use and importance of instrumentation in the
DBA analyses, the PRA, the EOPs, the SAMG, and the E-PlarIEPIPs.

4.1 DESIGN BASIS ACCIDENT ANALYSIS

While many of the DBAs are analyzed assuming the automatic actuation of systems and components,
several of the DBAs also assume operator actions. The operator actions modeled in the DBA analyses are
based on conservative time windows available for action, but are based on reliable instrumentation
indications to diagnose the need for such actions. The DBAs that typically assume operator actions in the
safety analyses are discussed below. The instrumentation indications upon which the operator actions are
based would therefore satisfy Criterion 3 of 10 CFR 50.36 (c)(2)(ii).

Loss of Coolant Accidents

In the event of a Losyof Coolant Accident (LOCA), the design basis analyses assume that the operator
takes the appropriate actions for the transfer to Emergency Core Cooling (ECC) recirculation based on
RWST level. In some older plant designs, the transfer to ECC recirculation consists entirely of manual
actions by the operators, whereas in the newer plant designs, most or all of the required actions are
automatic. There are no other short term operator actions assumed in the design basis LOCA analyses. In
all cases, the operators would be alerted to the RWST inventory decrease to a point where transfer to the
recirculation mode is required by a control room alarm and/or by the initiation of those automatic actions
associated with switchover to ECC recirculation. The RWST level would typically only be used to
confirm the initiation of the transfer to recirculation, based on either automatic actions or a switchover
alarm. In some older plant designs. RWST level alone, without alarm indication, is the basis for cueing
the onerator initiation of switchover to FCC recirculation.

At a specified time after the initiation of the accident (e.g., 4 to 20 hours depending on plant specific
analyses), the design basis analysis assumes that a switchover to hot leg recirculation is required to limit
the potential for boron build-up in the reactor vessel. This is performed manually by the operators.
However, the cue to perform hot leg recirculation switchover is based on time as opposed to any plant
variables.

Additionally, the radiological dose analysis for the LOCA is typically based on continued operation of
containment spray after the RWST has been emptied. For many large dry containment plants in the WOG
fleet, an assumed operator action to transfer containment spray to the recirculation mode when the RWST
is nearly empty (based on a low-low level alarm) is embedded in the design basis analyses. Failure to
transfer containment spray pump suction from the injection mode to the recirculation mode could result in
damage to the containment spray pumps. For plant designs that use the containment spray pumps for
spray recirculation, the failure to switch to containment spray recirculation could impact the containment
pressure response assumed in the design basis analyses. Thus, the RWST level indication could be an
important indication for a DBA in which no automatic control is provided.
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nccident condition and the need for operator actions. A portion of the operator error assessment is based on the availability and
accuracy of the instrumentation indication that is the basis for the operator action. Operator actions that are important for
accident orevention and accident mitination are modeled in the PRA. Therefore, if a parameter indication (i.e. instrument) does
not suixrt an enratoracti(on macled in thePRA. thenit canhe assimed to be of verr ion risk sinnificance. The methodology
for the treatment of instrumentation in the operator error assessment varies from plant to plant, but is typically included in the
model in an explicit manner.

Kcy PRA results obtained from a survey of all Wcstinghousc NSSS plants are available in a composite PRA databasc. The
importance of operator actions for preventing core damage for ast-powcr initiating events identified in the PRA database have
been analyzed in detail to determine the importance of instrumentation required for those operator actions A detailed discussion
of this analysis is presented in Appendix A ofthis report. A detailed assesstnent of the imo)rtanl c orfolcrtor actions to prevent
f tilure ofeontainment fission pnrduct bosrrdarics (con.. LEiRF and late containment faihs'es) has also k-en comoleted and is
includedl in Appendix A of this rcnrt.

From a risk perspective, the following indications have been determined to typically have a High degree of importance for
preventing core damage for at-power initiating events, according to a conpcsite PRA model of Westinghousc NSSS plants:

* RWST Level (median RAW - 10.35),
* SG Wide or Narrow Range Levee (median RAW = 4.05)
* RCS Subcooling (median RAW = 4.05),
* RCS Temperature (median RAW = 4.05),
* RCS Pressure (median RAW - 4.05)
* Pressurizcr Level (median RAW - 4.05),
* SG Pressure (mnedian RAW = 4.05),
* tHigh Head Si Flow (Median RAW = 3.05)
* Power Range Neutron Flux Monitor (RAW = 2A9),
* SG Wide Range Level' (median RAW - 2.46), and
* AFW Flow (Median RAW = 2.46)

*Based on maintaining SG level during RCS cooldown and depressurization

**Based on initiation of bleed and feed mode of core cooling

Tie follosbina instrnmentation has been determined to typically have a high dlcrcc ofimnortaric flbr rventinfn lamre. early
radioactive releases. basod on the LERF assessment discussed in Antyndix A.6. No imrnrtance measures have been antalitified
for the followine instnrumntation. as the LERPF asessmnent was cmalitnifvc i n ta'ure:

* Containment Pressure (W'idc Ranie).
* Penetration Flow Path Contairanent Isolation Valve Position. and
* RCS Pressure,

From a risk perspective, all other instrumentation has a low or negligible imrortance for preventing core damage, according to a
composite PRA model of Westinghouse NSSS plants and therefore does not satisfy Criterion 4 of 10 CFR 5036 (cX2XiiH

4.3 INSTRUMENTATION UTILIZED IN EMERGENCY OPERATING PROCEDURES

The EOPs for Westinghouse NSSS plants are based on the generic WOG Emergency Response
Guidelines (ERGs) (Reference 11). The ERGs were developed to provide procedures for bringing the
plant to a safe stable state for any accident sequence initiated at power operation that results in a reactor
trip or SI signal. The ERGs are designed to be consistent with the DBA analyses, but also consider
accidents beyond the design basis. In addition, the ERGs provide guidance for the use of all means to
bring a plant to a safe stable state. That is, in the event of a failure of a plant system or component
assumed to be operable in the design basis analyses, the ERGs provide alternate methods for achieving
the same desired endstate.

Considering all of the contingency procedures for dealing with events beyond the design basis, the ERGs
make use of a large amount of the plant instrumentation in providing guidance to the operators for
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bringing the plant to a safe stable state. The plant PRA models the significant paths through the EOPs for
a wide range of possible initiating events. The plant PRA model will telically model all of the EOP
actions assumed in the DBA analyses. If the EOP action is not modeled in the PRA, then it is considered
to have a negligible impact on plant risk. EOP actions might not be included in the PRA model for
several key reasons:

* Failure to perform the EOP action does not impact the accident sequence progression and
therefore does not impact the PRA results,

* The EOP action is on a pathway that has been shown to be of very low probability and therefore
does not impact PRA results, or

* The EOP action is very late in the accident sequence such that the probability of failing to take
the action is considered negligible. This rationale is seldom used but can apply when the time at
which the action is required approaches 24 hours after the initiating event. Examples include
switchover to hot leg recirculation and refilling the Condensate Storage Tank (CST), which are
typically not required in the first 12 to 24 hours of the accident

The EOPs include Finctional Restoration Guidelines (FRGs). These are symptom-based indications that
an accident is not proceeding according to the design basis. The FRGs are of particular relevance in this
assessment since the FRGs also have links to EALs for implementation of offsite radiological protective
actions as discussed Section 4.5.1. The response in the FRGs is classified according to the severity of the
deviation of the symptom from an expected condition. The most severe classification is called a "red
path," which signifies a significant deviation that requires an immediate response to attempt to bring the
value of that parameter closer to the expected value. The FRG red paths, along with the instrumentation
used to diagnose the red path, are:

* Subcriticality - Power Range Neutron Flux

* Core Cooling - Core Exit Thermocouples (CETs) (primary indication), Reactor Vessel Level and
RCS Subcooling. which is indicated from CETs and RCS Wide Raine Pressure (secondary
indication)

* Heat Sink- SG Wide Range Level (primary indication), Total Feedwater Flow (secondary
indication)

* Integrity- RCS Wide Range Pressure, RCS Cold Leg Resistance Temperature Detectors (RTDs)

* Containment - Containment Wide Range Pressure

All EOP operator actions that are important for preventing damage to the reactor core are modeled in the
plant PRA. Additionally, EOP instrumentation that may be important for an offsite emergency response
to protect the health and safety of the public is included in the EAL declaration criteria. Therefore, the

| importance of EOP instrumentation is deferred to the DBA PRA and EAL discussions (Sections 4.5.1 and
4.5.2). Separate consideration of the impact of instrumentation in the EOPs is redundant to the
assessment of the importance of instrumentation in the PRA and EALs, and is therefore not necessary.
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The new core damage assessment methodology relies solely o0 instrumentation to determine the
occurrence of and degree of core damage. The methodology uses two primary indicators, based on the
analytical modeling of a wide range of core damage accidents:

* CETs, and
* Containment radiation

Due to the variability in these indications across a wide range of potential core damage sequences, a series
of secondary indicators was specified. The variability in the indications from these secondary indicators
across the same range of accident sequences is much larger than the variability of the primary indicators.
However, it is believed that these secondary indicators could be used to confirm the primary indications.
Where differences in the expected behavior between the primary and secondary indicators are found, a
number of considerations are called upon to arrive at a best estimate of the occurrence of core damage and
the degree of core damage. The secondary indicators used in WVCAP-14696 are:

* Containment hydrogen,
* Reactor vessel level indication,
* RCS hot leg RTDs, and
* Source range neutron flux

It should be noted that the instrumentation for core damage assessment is also used in other key functions
discussed in this report. None of the instrumentation recommendations in this report are solely based on
the core damage assessment.

4.53 Offsite Dose Calculation Manual

The ODCM is an offsite emergency planning tool used to project offsite doses in the event of an accident
Typically, the OP initial input to the dose projections is the UFSAR dose analysis or the PRA Level 2 M( Delted OCDM . - ..-

source term analyses. However, once information from the actual event becomes available, that current
information can be used to refine the offsite dose projections.

Typically, the plant information that is most useful in refining the offsite dose projections is the
containment radiation levels as indicated by the containment radiation monitor. This information is used
to make projections of offsite dose levels in the event of a failure of the containment integrity. The
containment radiation levels, in conjunction with the containment pressure, can also be used to project
offlsite doses from containment leakage. However, most often the offsite dose measurements are used in
place of containment leakage assumptions, since the containment design leakage rate represents a
conservative offsite dose projection. Therefore, containment pr'essure is not important to the ODCM.

The offsite dose projection tools used at most plants also include the capability to use effluent radiation
monitor information as input to the dose projections. However, this is typically only used to validate the
offsite field survey information, since any radiation releases indicated by effluent monitors would be
classified as an ongoing release and the primary input would be from offsite field radiation surveys.
Additionally, it is likely that effluent monitors would quickly become saturated in the event of an accident
involving any significant fuel damage. Thus, the effluent monitors may not be available to provide
information for offsite radiological protection recommendations in the EPIPs.
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Therefore, only the containment radiation monitor is useful in refining the offsite dose projections using
the ODCM.

Some plants do not rely on plant instrumentation for offsite dose projections and utilize default values
contained in the UFSAR for offsite dose projections. For these plants, the containment radiation monitor
would not be used for refining offsite dose projections using the ODCM.

4.6 SUMMARY OF INSTRUMENTATION IMIPORTANCE

A composite list of PAM instrumentation relied upon in the D13A analysis, the PRA, accident
management (EOPs and SAMG), and offsite emergency protective actions was determined based on the
assessments discussed above. Table 7 provides a summary of the instrumentation that is relied upon in
each of these applications, without making any assessment of the importance of the instrumentation for
each application. Each of the instruments identified in Tables 7 and 8 is further assessed as to its
importance in accident management and mitigation to determine whether it satisfies Criterion 3 or 4 of 10
CFR 50.36. The importance of the instrumentation will be discussed in Section 5.0 of this report.

Table 7 Significance of PAM Instrumentation Contained in Current Technical Specifications

Design Accident Emergency

Instrument Accident Risk EOPs SAMG EAL CDA ODCM

PAM Instrumentation contained in NUREG-1431

Power Range Neutron Flux _

Source Range Neutron Flux

RCS Hot Leg Temperature ' _

RCS Cold Leg Tcmtrerature

RCS Pressurc (Wide Range) .

Reactor Vessel Water Level

Containment Sump Water Level (Wide * _ _ _ -------
Range)

Containment Pressure (Wide Range) v v

Containment Isolation Valve Position

Containment Area Radiation (High Range)

Pressurizer Level

Steam Gencrator Water Level (Wide Range) - =

Condensate Storage Tank Level

Core Exit Tenierature (Quadrants 14) v

Auxiliary Fcedwatcr Flow

I

I

I

I

I

-- iDeleted:T.-:

, - Deleted: T - - - : - -: l
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Table 7 Significance of PAM Instrumentation Contained in Current Technical Specifications
(cont.)

Accident Emergency
DBeasisgn Risk Management Plan

Instrument Accident (PRA) EOPS SAMG EAL | CDA | ODC'

PAM1 Instrumentation NOT contained In NUREG-1431

AFW Valve Position

BAT Level

Condenser Air Ejector (High Range) v

Containment Enclosure Negative
Pressure

Containment Sump Level (Narrow
Range)

Containment Pressure (Narrow Range)

Intermediate Range Neutron Flux

Plant Vent Stack (High Range)

PORV Block Valve Position

PORV Position

Pressurizer Pressure

RCS Subcooling Margin _ _ . _ _ _ - - - - - - -

RWST Level

Pressurizer Safety Valve Position

SAT Level

Spent Fuel Pool Exhaust Radiation

Steam Generator Blowdown Radiation

Steam Generator Pressure v v 9 =

Steam Generator Water Level (Narrow 9

Range)

Steam Line Radiation

TDAFW Pump Exhaust Radiation W

Deleted: Conponent Cooling Water
Flow Rate . 2;

- Deleted: Contairnmet WaterLevel
(Wide Range)

, Deleted: T

- Deleted:T .T-.

I

I

Table 8 provides an alternate summary of the potential PAM indications. In this summary, the manner in
which the instrumentation is used in the various accident management tools is identified.
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Table 8 Summary of lmportant Indications for Accident Management

Indication/Purpose DBA | EOP SAMG PRA E-Plan

SG Level

* Diagnose SGTR

* Maintain SG heat sink

* Prevent SG overfill

* Initiate Bleed and Feed V

* Scrub Fission Products for S GTR

SG Pressure

* Diagnose secondary side break or stuck open relief | V I I|
. CooldowntargetforRCSdcpressurizationSGTR T V | I
RCS Pressure

* Cooldowntarget forRCS depressurization

* 11igh Pressure Melt Ejection prevention

* Maintain cooldown rate

* RCS Interritv.

RCS Subcooling

. Maintain subcooling during RCS cooldown and
depressurization

* SI Termination

Pressurizer Level

* Sl termination to prevent pressurizer overfill _

Core Temperature

* Diagnose inadequate core cooling ||

Neutron Flux

. Diagnose subcriticality

Containment Pressure

* Diagnose inadequate containment cooling

Containment Radiation

* Diagnose core damage VI

Containment Isolation Valve Position

* Diagnose unisolated containment | |
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Table 8 Summary of Important Indications for Accident Management
(cont.)

Indication/Purpose DBA EOP SAMG PRA E-Plan

RWST Level

* Diagnose RWST refill

High Hlead ST Flow

* Diagnose manual SI

Auriliarv Feedwater nlow

* Diagnose loss of heat sink

Service Water Flow Rate System Availability

* Diagnose loss of Service Water

Component Cooling System Availability

* Diagnoselossofcomponentcooling

I
- D i eleted: <N>Auxiliary Feedw-at
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5 INSTRUMENTATION IMPORTANCE

The importance of the PAM instrumentation to plant safety should bear a direct relationship to the criteria
in 10 CFR 50.36 (c)(2)(ii) and the Regulatory Guide 1.97 clas:ification of the instrumentation. The
importance of the instrumentation that is used in plant safety assessments and tools (i.e., identified in
Table 7 and Table 8) was further evaluated to determine whether it satisfies the 10 CFR 50.36 criteria and
to determine the applicable Regulatory Guide 1.97 classification with respect to its inclusion in the
Technical Specifications. As noted previously, the original classification in Regulatory Guide 1.97 was
done based on information and knowledge available in the early 1980's. This assessment is based on the
information and knowledge currently available and can therefore be used to revise the original bases for
the Rcmilatorv Guide 1.97 classifications.

The assessment described in this section of the report focuses on that instrumentation that is relied upon
in plant safety analyses, accident management and offsite protective actions. That is. each of the
instruments identified in Tables 7 and 8 is further assessed as to its importance in accident management
and mitication to determine whether it satisfies Criterion 3 or 4 of 1 0 CFR 50.36. No further assessment
is required for any instrumentation that is not relied upon in the safety assessments in this report.
However, a brief discussion is merited on several of the current PAM instrumentation that are not
considered to be significant for plant safety and is included at the end of the discussion of the primary
instrumentation included in the DBA analysis and accident management.

5.1 INSTRUMENTATION RELIED UPON TO MITIGATE ACCIDENTS

This section provides a discussion of the results of an evaluation of the importance of instrumentation
relied upon to mitigate accidents. The evaluation uses the screening criteria defined in Section 3.2 of this
report. The results of the evaluation are expressed in terms of whether any of the 10 CFR 50.36 (c)(2)(ii)
criteria (Criterion 3 and,/or 4) are met. The recommended Regulatory Guide 1.97 classification of the
instrumentation for the purpose of determining whether it should be included in the Technical
Specifications is also presented.

Power Range Neutron Flux

The power range neutron flux indication provides the most direct indication of reactor criticality. The
power range neutron flux instrumentation provides this indication for events in which subcriticality is not
initially achieved. The intermediate range and source range neutron flux instrumentation provide an
indication of sustained subcriticality, such as during and following RCS depressurization.

The Westinghouse NSSS plant PRA survey contained in Appendix A shows that power range neutron flux
is a key indication for accident management operator actions to initiate manual reactor trip to bring the
reactor to a subcritical condition. Subsequent operator actions to assure that the reactor remains in
subcritical state, such as during and following RCS depressurization, were not determined to be important
for long term core cooling. Therefore, the intermediate range and source range indications are not
identified as key instruments in this assessment. Additionally, EALs in the E-Plan typically utilize the
power range neutron flux as an indication of a potential loss of a fission product barrier in the assessment
of the declaration of a General Emergency level and the potential need for offsite radiological protection
actions. Therefore, the power range neutron flux indication meets Criterion 4 of 10 CFR 5036 (c)(2)(ii).
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The RCS cold leg temperature indication provides information to indicate whether the core heat removal
safety function is being accomplished and is therefore a 1.97 Type B variable. The RCS cold leg
temperature wide range indication is a diagnostic indication and is therefore a Category 3 variable.

RCS Pressure (WNide Range)

The RCS pressure indication is used for all accident sequences. There is no other indication that can be
used to directly indicate RCS pressure over the range of pressure required for accident management.
Operator actions for a cooldown target for RCS depressurization and for maintaining subcooling (a
combination of RCS pressure and temperature) during RCS ccoldown and depressurization and for SI
termination are performed using the RCS pressure indication. RCS subcooling. which utilizes RCS wide
ranee pressure is also used as a backu- for diaanosis of an inadequate core coolinz condition. Also,
operator actions in the EOPs and SAM , utilize the RCS pressure indication to diagnose the need to
depressurize the RCS to minimize the potential for conta inment integrity challenges from a high pressure
melt ejection and to mitigate SGTR fission product releases that bypass the containment.

The DBA analyses indicate that RCS cooldown and depressurization for a SGTR accident, to below the
SG pressure in the ruptured SG to terminate break flow, and fcr ST termination to prevent pressurizer
overfill, are operator actions for which no automatic control is provided. Therefore, RCS pressure wide
range satisfies Criterion 3 of 10 CFR 50.36 (cX2)(ii). Additionally, the PRA shows that RCS
depressurization to terminate break flow for an SGTR event and depressurization of the RCS after core
damage to prevent a high pressure melt ejection (see Appendix A) that could challenge containment
integrity are risk significant operator actions. Therefore, RCS pressure wide range also satisfies
Criterion 4 of 10 CFR 50.36 (c)(2)(ii).

The RCS pressure wide range indication is a Type A variable since it provides information for operator
action for SGTR break flow termination for which no automatic control is provided. RCS pressure wide
range is a Category I variable, since, together with SG pressure, provides information to verify that break
flow through a ruptured SG tube is terminated, thereby satisfying the inventory safety function.

Reactor Vessel Water Level

The reactor vessel water level indication is used in the plant EOPS as an indication of inadequate core
cooling and as an indication of the potential for void formation that can interfere with natural circulation
cooling. Some reactor vessel water level instrumentation only measures upper head voiding, versus
others that measure well into the core recion and therefore it only serves as a backup indication of upper
head voiding and an indication of potential core uncovery Sinre neither of these indication functions
provide an indication for operator actions for which no automatic control is provided and the indication is
not important from a risk perspectivc, it does not satisfy either Criterion 3 or 4 of 10 CFR 50.36 (c)(2)(ii)
and should not be included in the Technical Specifications.

The reactor vessel water level indication provides information to indicate whether the core cooling safety
function is being accomplished and is therefore, a Type B variable. The reactor vessel water level
indication is a backup to the CETs for identifying an inadequate core cooling condition and is therefore a
Category 3 variable.
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Containmcnt Sump WaterLevel (Narrow Range)

The containmcnt sump watcr lcvcl indication provides information to indicatc whether sufficient watcr is availablc in thc
containment sump at the time ECC is transferred from the injection mode to the recirculation mode, and when the recirculation
spray system is automatically startcd for subatnospheric containmcnts. It also providesan indication of cxcessive containment
sump water levels that could result in flooding of key equipment and instrumentation. ECC injection (from the RWST) is
switched over to recirculation (from the sump) to provide long term ECC when the RWST is emptied. The required operator
actions associated with switchover to recirculation are plant specific, with scnmc plants having fully automatic switchovcr, some
having semi-automatic switchover, and some having totally manual switcho /er. The switchover to recirculation is initiated based
on RWST level. For all DBA and for all accidents analyzed in the PRA where the RCS inventory loss is inside containment, the
design of the plant ensures that there will be adequatc water in the containmnt sump to support switchover to recirculation.
Therefore, no operator action is required in the design basis analyses based on containment sump level. Since the containment
sump water level narrow range indication does not provide an indication for operator actions for which no automatic control is
provided, it does not satisfy Critcrion 3 of 10 CFR 50.36 (cX2Xii).

Containment water level instrumentation is used in the EOPs to define the loss of ECC recirculation capability. For diagnosis o
a LOCA inside containment. the containment sumo water level is used in th EOPs as tle third indication (atler the containmcnt

sressuire and containmcnrbjdiation indicatiuns;. Additionally for dia'nosis of a LOCA outside containmeit. the containment
sumr watcr level inlication is til third irlication utilized in the EOPs (niter n decrcasine RCS 1ressure indication, and
increasinq auxiliary building radiation indication). The most Probable LCICA outside containment. accornlinn to PRA studies, is
the intcrfacing system LOCA outside containment in the low rsressure RIR piping connected to the RCS. 'Ibis would likel]
rcsult in a containment suml water level indication. since the flow from the rlief alves on the RR pioins is routed back to th
tMrssuri7er tcench tank whosc rinure disk would cuickly open and release tiuid to the containment. Thus "no containment
sumtp lccl" is nut a rcliable indicatfr ofra LOCA outside containmcnt. In summarv. diagnosis of RCS ptresur ebotmdary
integritv as a critical safety function in the FOP firtiomnl restoration auidel nes does not rely on containnsent water levcl
indication. It is used in the SAMG to assure that adequate water is available in the containment sump(s) for ECC recirculation,
should tbat capability to inject into the RCS from the containment sump beccme available.

In the PRA models, operator actions to refill the RWST based on inadequate containment sump level for continued core cooling
anc typically modeled for SGTR and LOCAs outside ofcontainment. The risk importance of RWST refill identified in Appendix
A shows that it can have a high risk importance for somnc plants, although the median value might not indicate a high risk
importance. As PRAs arc updated to morc closely modcl the expected accident management strategics (as opposed to morc
conservative models), the RWST refill for these events may become more risk important. Ilowever, containment sump level
would not be used as the primary indication for the need to begin RWVST refill. There are a number of other indications available
to provide information that RWST refill would be required for long term core cooling for these accidents. The accident type
alone (e.g., SGTR or LOCA outsidc containment) and the current RWST leel would be sufficient to provide an indication that
long term core cooling using recirculation is not an available accident manage:mcnt strategy.

Although RWST refill may be risk important, containment sump water level is not the primary indicator of the need for operator
action to begin RWST refill. Therefore, it is concluded that the containment sump water level mrrow range indication does not
provide an indication for operator actions which are important to mitigating core damage or containment releases and therefore it
does not satisfy Criterion 4 of 10 CFR 50.36 (cX2)(Xi). Since containment sump water level narrow range does not satisfy either
Criterion 3 or 4 of 10 CFR 50. 36(cX2)(ii), it should not be included in the Technical Specifications.

The containment sump water level indication provides information to indicate whether the core cooling safety function can be
accomplished when the Emergency Core Cooling System switchover to the rrcirculation mode of operation occurs, and is
therefore a Type B variable. The containment sump water level narrow range indication provides information on the status of Sl
from the RWST and is therefore a Category 2 variable.
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The prcssurizer lcvcl indication provides primary infornation necded to perimit the operators to take specified manual actions to
terminatc SI and is therefore a Typc A variablc. It alsoprovidcs inforimtion rclated to satisfying thc RCS invrntory safcty
function to permit SI termination and is therefore a Category I variabic.

Steam Generator Level (Wide Range)

SG level indication can be provided by either the narrow range or the wide range SG level instrumentation. Operator actions for
diagnosis of a SGTR, maintenancc of adequate SG level to provide a heat sink, controlling SG level to prevent SG overfill, and

covering the tubes tosrrub fissionproductsforan SGTR areperforsied ttilizing the SG narrowrange level indication. However,
the wide range SG indication encompasses the narrow range span and can be used in level ranges where the mrrow range SG
level indication is not available. The operators are trained in the use of wide range SO level indication, as well as the narrow

range SG level indication. The initiation of bleed and fecd can only be perfornned based on widc range SG level indication, since
the narrow range SG level indication does not have sufficient range to enable the diagnosis of the need to initiate bleed and feed
cooling, which is at a very low SG water level. Therefore, the SG level indication that can provide indication for all of the
important opcrator actions is the -wide range SG level instrumentation.

The design basis analyserassurne that controlling SG level for long term ea-c cooling and using SG level for the diagnosis of a
SGTR are operator actions for which no automatic control is provided. Therefore, the SG wide range level indication satisfies
Criterion 3 of 10 CFR 50.36 (cX2)ii). The PRA shows that the initiation ofbleed and feed core cooling, as well as the design

basis functions, are risk significant operator actions. Also, the SAMG asses;ment shows that matintaining the water level over a
ruptured SGtube isa risk significant operatoraction. Therefore, SGwidertngelevel indicationalsosatisfiesCriterion4 of 10

CFR 5036 (cX2XiiY

The SG wide range level indication provides information for operator action to maintain a heat sink following a DBA for which

no automatic control is provided and is therefore a Type A variable. It also provides the direct verification of satisfying the heat
sink safety function and is therefore a Category I variable.

Condensate Storage Tank Level

This instntmentation is used in the EOPs to define the potential loss of the S3 heat sink due to low tank inventory as a continued
water supply for the AFW system. Therefore, the CST level instrumentatior. is the Vrimnarv indication of the ability to contimic
AFW flow to the stealt 2enerators to rrovide a secondarv side heat sink for decav heat removal from the reactor core. CST refill

is a long-term action that is not credited in the UFSAR analyscs CST refill is tvJically not required in the first 16 to 20 hours - -

after an accident. For the design basis events. tIr olant would either be on narmal RHR cooling Ifor tron-LOCA events) or ECC
recireulation ina time frame well beorethcCSTinventorvisexhauisted. In thc PR& models. ooeratoractionstorefill thcC'ST

based on low CST level indication are nodeKld in some PRAb The rcsults cfrtie PRA nsscssmnnt in Appcndix A show that the
CST Ievel indication has s low risk sirnificance. The low risk sitnificanceC i:ibased on al thc low mnriabhlitv that natural

circulation w-ould bc thc only means of nmintainiina thc core in safe stablc sl.ttc following an necident and b! thc lon' timc to
dacoetc thecCST durinc which CST rcfill would hivc be-m anid bena mnnitored tas-d on availablcCSTlcvcl indications
fincidin local ixliicationt). if lona termn rantiral circulation decayheat retnoval xas selected ns the lon termn safe stable tite.
Tberefore, the CST level indication does not satisfy either Criterion 3 or 4 of 10 CFR 50.36 (c)(2)C(i) and should not be included
in Technical Specifications.

Deleted: . In the PRA models, operator
action to refill the CST based on low CST
levet indication ae modeled in aotte-
PRAs. The results of the PRA - - f

assessment in Appendix A show that the.
CST level indication his a low risk -
sgnilicance. Additionally,

I Thc CST level control room indication provides infbrnation to indicate whether a continued SG heat sink can be maintained and

is therefore a Type B variable. The CST level indication provides information for the long term AFV system operating status
and is therefore a Category 2 variable.
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indication of the need for further actions and the reliance on a decreasing SG water level may impact the
probability of success of these operator actions. The AFW flow rate indication is the basis for a risk
important operator action in the PRA and therefore satisfies Criterion 4 of 10 CFR 50.36 (c)(2)(ii).

The AFW flow rate indication provides information used for the verification of the automatic actuation of
AFW and is therefore a Type B variable. It provides the direct verification of satisfying the heal sink
safety function and is therefore a Category I variable.

Containment Sumn Water Level (Wide Range)

Containment Sumrp Water Level (Wide Ran"e) and Containment Nater Level are used interchangeably in
this report. This instrumentation is used in the EOPs to define containment flooding. Although it is not
used in the EOPs, the containment wide range water level could be used in the EOPs to verify that the
contents of the RWST were emptied into the containment if the RWST level instrumentation were
unavailable. The design basis containment water level is established to assure that no important
components are submerged during a DBA. It is used in the SAMG to indicate the desired containment
water level after core damage has occurred. In the SAMCI a backup method of containment water level is
provided (Computational Aid, CA-4) based on the potential for the post core damage environment to
render the containment water level instrumentation unavailable. The PRAdoes not model any operator
actions related to containment water level using the wide range indications. Thus, it is concluded that the
wide range containment water level instrumentation is not risk significant Since there are no operator
actions in the design basis analyses based on containment wide range water level, this indication does not
satisfy Criterion 3 of 10 FR 50.36 (c)(2)(ii). The containment wide range water level indication does not
support any risk important operator actions in the PRA and therefore this indication does not satisfy
Criterion 4 of 10 FR 50.36 (c)(2)(ii).

The containment wide range water level indication provides information to indicate whether the core
cooling safety function can be accomplished when the ECCS switchover to the recirculation mode of
operation occurs, and is therefore a Type B variable. The containment wide range water level indication
provides information on the status of SI from the RWST and is therefore a Category 2 variable.

Pressurizer Prcssure

The pressurizer pressure is only specifically used in the EALs to determine the potential for loss of the
RCS fission product barrier. It can be used elsewhere as a backup to the RCS pressure indication, but the
range of the pressurizer pressure indication is very limited. Therefore, it is not typically used in the
EOPs. This instrumentation is not considered to be risk significant. The pressurizer pressure indication
does not support any risk important operator actions in the PRA and does not support any operator
actions in the design basis analyses. Therefore this indication does not meet Criterion 3 or 4 of
10 CFR 50.36 (c)(2)(ii).

Because of its limited application, it is recommended that this instrumentation not be classified by the
Regulatory Guide 1.97 definitions.
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RCS Radiation Level

The RCS radiation level indication is typically provided by RCS letdown radiation monitors. These
monitors are located in the letdown line, which is isolated upon the receipt of a SI signal. As discussed in
WCAP-14986-A (Reference 16), the reactor coolant radiation level is only important for DBAs where
there is fuel rod cladding damage without coincident core overheating, such as local reactivity events
caused by the withdrawal of a single Rod Control Cluster Assembly (RCCA). For these events, the
reactor is tripped and shutdown by the RPS. The letdown radiation monitor indication would be used by
the plant operators to decide whether the'declaration of an Unusual Event condition was appropriate.
However, this determination is not shown to be important to risk in PRAs. Since the letdown radiation
monitor indication does not provide an indication for operator actions for which no automatic control is
provided and it is not important from a risk perspective, it doe:; not satisfy either Criterion 3 or 4 of
10 CFR 50.36 (cX2Xii) and should not be included in Technical Specification.

The RCS radiation level indication provides information to indicate the potential for a breach of the fuel
cladding fission product barrier and is therefore a Type C variable. The RCS radiation level indication
provides diagnostic indications of core damage not associated with core overheating and is therefore a
Category 3 variable.

RCS Subcooling Monitor

The RCS subcooling margin indication provides information to the operators related to satisfying one of
the SI termination criteria following a steam line break or SGTR accident The inputs to the RCS
subcooling monitor are the CETs for RCS temperature and the wide range RCS pressure indication
for RCS pressure. Since both of these indications are independently displayed in the control room
and are also included in the Technical Specifications based on satisfying Criterion 3 and 4 of
10 CFR 50.36 (c)(2)(ii), the subcooling monitor provides a verification of the other indications.
Therefore, it does not satisfy either Criterion 3 or 4 of 10 CFR 50.36 (c)(2)(ii) and should not be
included in the Technical Specifications.

The RCS subcooling margin indication provides information to indicate whether the core cooling safety
function is being accomplished, and is therefore considered a Type B variable. The RCS subcooling
indication is a backup to the CETs and RCS pressure, and is therefore considered a Category 3 variable.

RWST Level (Wide Range)
This instrumentation is used in the design basis analyses to indicate the point at which transfer to ECC recirculation
and containmcnt spray recirculation should be initiated. The operator actions required for transfer to ECC and
containment spray recirculation are typically cued based on the RWST low and low-low level alarms, as opposed to
the RWST level instnrmentation itself. RWST level instnimentition oilly validates tde alarm and ttoes not Provide

the primary indication for operator actions. The required operator actions associated with switchover to
recirculation are plant specific, with some plants having fully automatic switchover, some having semi-automatic
switchover, and some having totally manual switchover. Transfer to ECC recirculation was found to be a risk
significant operatoraction in the PRA as discussed in Appendix A. Vthile thePRA typically also models transfer to
containment spray recirculation as an action to continue containment heat removal, risk importance measures are not
available since they only potentially impact late containment failure probability and not core damage frequency.
While the risk
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importance of transfer to containment spray recirculation would be greater for plants without safety related fan
cooler units for containment heat removal, it does not impact the conclusions, since containment heat removal via

containment spray also requires the ECC recirculation heat exchanger to be in operation. Since the operator action
is taken based on the RWST low level and low-low level alarms, the RWST level instrumentation is not risk

significant and is only used to validate the alarm function.

In addition, the RWST level instrumentation provides an indication of the need to initiate make-up to the RWST to

maintain long term cooling. The PRA assessment in Appendix A shows that make-up to the RWST to provide long
term core cooling for the SGTR and interfacing system LOCA accidents are risk significant operator actions that are

keyed from the RWST level instrumentation. For all other accident sequences modeled in the PRA. refilling the
RWST is typically not modeled in the PRA since it is only a remedizi action: the RWST can onlv be refilled for a
finite number oftimes and other actions also not modeled in the PRA would be required to achieve a safe stable

state. Therefore, the RWST Level instrumentation satisfies Criterior 4 of 10 CFR 50.36 (c)(2Xi).

The RWST Level indication as used here refers to the wide range indication as opposed to the narrow range
indication that is only used as a level indication associated with the Technical Specifications minimum required

RWST level.

The RWST wide range level indication provides information to indicate the continued operation of SI for continued

inventory control and is therefore a Type D variable. It also provides information to indicate the need to refill the
RWST to continue inventory control for SGTR and ISLOCA events and is therefore a Category I variable.

Steam Generator Pressure

This instrument is used in design basis analyses and EOPs to indicate a loss of secondary side coolant accident (a

main steamline or feedline break). It is also used in the design basis and EOP analyses for the SGTR accident to
indicate the termination of the reactor coolant loss through the ruptured SG tube. Therefore, the SG pressure
indication satisfies Criterion 3 of 10 CFR 50.36 (c)(2)Cii). SG pressure is modeled in the PRA operator actions to

terminate the break flow through a ruptured SG tube by depressurizing the RCS to a point just below the SG
pressure, per the plant EOPs. Therefore, the SG pressure indication *atisfies Criterion 4 of 10 CFR 50.36 (c)(2Xii).

The SG pressure indication provides information for operator action for SGTR break flow termination for which no

automatic control is provided and is therefore a Type A variable. Together with RCS pressure, the SG pressure
indication provides information to verify that break flow through a nzptured SG tube is terminated thereby satisfying
the inventory safety function and is therefore a Category I variable.

Steam Generator Narrow Range Level

This instrumentation is used in the design basis analyses and the EOI's to determine the SG level required for an
effective heat sink, and as a primary means of diagnosing an event. It is used in the SAMG to indicate an effective

heat sink for core cooling recovery. It is used in the EALs as an indicator of the potential loss of the RCS fission
product barrier. In the PRA models, operator actions to diagnose the SGTR event are typically modeled in the same
operator action to isolate the ruptured SG secondary side and terminate AFW to the ruptured SG. The SG narrow
range level is also implicitly used in the PRA for two additional actions: maintaining SG water level to provide an
effective heat sink and terminating feedwater flow to prevent SG overfill for tube rupture events. The PRA
assessment in Appendix A indicates that SG level is an indication required for risk significant operator actions.

Since the SG narrow
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Table 9 Comparison of PANI Instrumentation
Plant Specilic

Technical
Instrument Specifications NUREG-1431 WCAP-15981

Power Range Neutron Flux %9

RCS Pressure (Wide Range) _

Containment Pressure (Wide Range) 9

Containment Isolation Valve Position
Steam Generator Water Level (Wide Range)
Core Exit Temperature
Stearn Generator Pressure
HIigh Head SI Flow .
Auxiliary Feedwater Flow
RCS Hot Leg Temperature VI _VI

RCS Cold Leg Temperature _ _VI

Source Range Neutron Flux V V

Containment Area Radiation (High Range) V v v

Condensate Storage Tank Level V V

Pressurizer Level 9 V 9

Containment Sump Water Level (Wide Range) _

RCS Subcooling Margin v
Reactor Vessel Water Level q

Hydrogen Monitors v Note I

Containment Sump Water Level (Narrow Range)
RWST Level (Widc Range) v 9

Steam Generator Water Level (Narrow Range)
Spent Fuel Pool Exhaust Radiation (High Ranmey 9 _

Condenser Air Ejector (High Range) 9 _
Plant Vent Stack (High Range) 9

Steam Generator Blowdown Radiation 9

Steam Line Radiation v

TDAFW Pump Exhaust Radiation
Pressurizer Pressure v

PORV Position v

PORV Block Valve Position v _

Pressurizer Safety Valve Position v

Auxiliar Fcedwarcr (AFW) Valve Position
Boric Acid Tank (BAT) Level _

Containment Enclos tre Negative Pressure C

Containment Pressure (Narrow Range) 9

Intermediate Ramne Neutton Flux C

Residual Heat Removal (RIIR) Flow v

Spray Additive Tank (SAT) Level v

I

I

Note:
1. Hydrogen Monitors are not addressed in this report, since they are alre;ady addressed in the 50.44 Rulenaking Package

(Recfcrcnce 17)
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The recommended Type and Class based on the current accident management usage discussed in this
report, and the basis for that recommendation was included in the discussion of each indication. The
summary of the recommended classifications are provided in the following Table 10 for those PAM
indications that are recommended for inclusion in the Technical Specifications based on the current
accident management usage discussed in this report. Table II provides a similar summary for key
instrumentation that is currently in the PAM Technical Specification in NUTREG-143 1 and that is not
recommended for inclusion in the revised PAM Technical Specifications.

Table 10 Regulatory Guide 1.97 Classification for Recommended PAM Technical Specification
Instrumentation

Typical
Reg. Guide 1.97 WCAP-15981

Variable Type/
Function Type/CategoryLfl Category Basis

I. Power Range BDiBi Provides verification of automatic actuation of
Neutron Flux RPS - Type B. Provides direct information to

.erify accomplishment of the subcriticality safety
finction - Category 1.

2. Steam Generator Al Al Provides information for operator action for SGTR
Pressure 'reak flow termination for which no automatic

control is provided - Type A. Together with RCS
pressure, provides information to verify that break
Cow through a ruptured SG tube is terminated
thereby satisfying the inventory safety function -
Category 1.

3. RWST Level Al DI Provides information to indicate the continued
operation of SI for continued inventory control -
Type D. Provides information to indicate the need
to refill the RWST to continue inventory control

l_ _ for SGTR and ISLOCA events - Category I.-O

4. High Head SI Flow D2 BI Provides verification of automatic actuation of SI
- Type B. Provides direct information to verify
the operation of SI to maintain the inventory safety
finction for core cooling - Category 1.

5. RCS Pressure (Wide Al Al Provides information for operator action for SGTR
Range) break flow termination for which no automatic

control is provided - Type A. Together with SG
pressure, provides information to verify that break
flaw through a ruptured SG tube is terminated
thereby satisfying the inventory safety function-
Category 1.

6. Containment Cl Cl Provides information to identify a fission product
Pressure (Wide barrier challenge - Type C. Provides direct
Range) verification ofcontainment cooling to maintain

the containment fission product barrier safety
function- Category 1.
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Table 10 Regulatory Guide 1.97 Classification for Recommended PAMI Technical Specification
Instrumentation (cont.)

Typical
Reg. Guide 1.97 WCAP-15981

Variable Type/
Function Type/Category Category Basis

7. Penetration Flow B] BI Provides verification of automatic actuation of
Path Containment Pnase A and Phase B containment isolation -
Isolation Valve Type B. Provides direct verification of
Position containment isolation to maintain the

containment fission product barrier safety
function- Cntegory 1.

8. Containment Area Al Cl Provides information to identify a fission
Radiation (High product barrier challenge - Type C. Provides
Range) direct verification of satisfying the core cooling

safety function - Category 1.

9. Pressurizer Level Al Al Provides primary information needed to permit
operators to take specified manual actions to
terminate SI - Type A. Provides information
related to satisfying the RCS inventory safety
function to permit SI termination- Category 1.

10. SG Water Level Di Al Provides information for operator action
(Wide Range) maintaining a heat sink for which no automatic

ccntrol is provided - Type A. Provides direct
verification of satisfying the heat sink safety
function- Category 1.

I1. Core Exit Al Al Provides information needed to permit the
Temperature operators to take specified manual actions to

initiate RCS depressurization - Type A.
Provides direct verification of satisfying the
core cooling safety function - Category 1.

12. AFW Flow Al BI Provides verification of automatic actuation of
AFW - Type B. Provides direct verification of
satisfying the heat sink safety function-
Category 1.

Note:

iD)Only the highest Reg. Guide 197 classification is shown in this table.

(2) If 5switchovcr to ECC recircutation ish bascd on the RWST lcvcl indication rather than the RWST lcvcl slami. it should be
classified as a Tyre A variable rather than a TvNw D *ariablc.
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Table 11 Regulatory Guide 1.97 Classification for PAM Instrumentation Relocated to LCDs

Typical
Reg. Guide 1.97 WCAP-15981

Variable Type/
Function/No. Type/Category Category Basis

1. Source Range Di B3 Provides verification of automatic actuation of
Neutron Flux RPS -Type B. Provides diagnostics of continued

subcriticality during RCS cooldown and
d'-pressurization- Category 3.

2. RCS Hot Leg Al B3 Provides information to indicate whether the core
Temperature cooling safety function is being accomplished -

Type B. Provides backup to the CETs -
Category 3.

3. RCS Cold Leg Al B3 Provides information to indicate whether the core
Temperature cooling safety function is being accomplished -

Type B. Provides backup to the CETs -
._ Category 3.

4. Reactor Vessel BI B3 Provides information to indicate whether the core
Water Level cooling safety function is being accomplished -

Type B. Provides backup to the CETs -
Category 3.

5. Containment Sump Al B2 Provides information to indicate whether the core
Water Level (Wide cooling safety function can be accomplished
Range) when RWST switchover occurs - Type B.

Provides information on the status of ECC
recirculation delivery - Category 2.

6. Condensate Storage Al B2 Provides information to indicate whether
Tank Level continued SO heat sink can be maintained -

Type B. Provides in formation indicating long
term AFW system operating status - Category 2.

Note:
Only the highest Reg. Guide 197 classification is shown in this table.
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Table 13 Summary of Alternate PAM, Instrumentation

Primary Instrumentation Alternate Instrumentation

SG Water Level (Wide Range) SG Narrow Range Level AND Auxiliary Feedwater Flow
Rate

Power Range Neutron Flux Intermediate or Source Range Indications AND either the
Rod Position Indicators OR Rod Bottom Lights

Containment Area Radiation (High Range) Portable Radiation Monitors

High Head Safety Injection Flow High Head Safety Injection Pump Amperage AND SI
Pump Dischl.rge or Ileader Pressure AND Automatic SI
valve position

Auxiliary Feedwater Flow Motor Driven Pumps: Pump Amperage AND Pump
Discharge Pressure OR flow control valve (SG supply)
position

Turbine Driven Pump: Pump Discharge Pressure OR
steam supply valve position AND fow control valve (SG
supply) position

Power Range Neutron Flux

The power range neutron flux indication is used immediately following an accident or receipt of a reactor trip signal. For the
purposes of providing an indication of the filure to achieve subcriticality, vhich would result in operator actions to manually trip
the reactor, the power range neutron flux indication is the only direct means of providing this infornnation.

If the power range neutron flux indication is not available, an alternate method of monitoring suberiticality is a combination of
either the intermediate range or source range neutron flux indications, AND eitbcr the rod bottom lights or rod position
indicators. Thie rod bottom lights and rod nrsitimo indicators are the prinmarv altermate indications used in the EO's to veritV the _

accuracv of the vower ran-e neutron flux indication. Ifthe contrl rodis are fijli inserted. initial stsbriticalitv is ensulred be the

dlant desien basis. Therefore. thsce altemate indications can also provide the infornation necessary for the operators to
determnine the need to initiate a manual reactor trip. The intermediate and so trce tmanf indications arc the primtarv backup
indications used in the Functional Restoration Guidelines for diagnosis of a potential loss of core shutdown (once initial

- _ leted: bese--I

siltntrnl~t ¢ ndrl8 M... n~rla<n, * in -----r c Mr.-it an - -on.f tsnl~ noy.^;no
silrsnilcdl~~~~~~~~~~~~ "l.rn1-- -- , -ec- .,nl.Iemcwl r n slcr~lzIs*flr a xtvtea llmt { -1 I} ---¢ rao -.- l

to diagnose continued suberiticality. The combination ofeither the source or intermediate canoe neutron flux monitors and either
the rod bottom lights or rod M.osition indicators provide an alternate indication ofsugcritic-ality to the power range neutron flux
monitor.

The power range neutron flux reactor trip finction is required to be Operable in Modes I and 2. The PRA typically shows that
power range neutron flux is a key indication for accident management operatar actions to initiate rnanual reactor trip to bring the

reactor to a subcritical condition, which is a keffof< 0.99. This is consistent with the keffof> 099 specified as the reactivity
condition for Mode 2 and for power operation in Mode l. Subsequent operator actions (in Mode 3 after a reactor trip) to assure
that the reactor remains in subcritical state, where the power range neutron flux indication may no longer be operable, such as
during RCS depressurization, were not determined to be important for long term core cooling. Therefore, for the required PAM
indication finction (i.e, confirming a reactor trip from Modes I and 2. the Pcwer Range Neutron Flux indication is only required
to be Operable in Modes I artl 2. This also makes the PAM Technical Spcci .ication Mode of applicability for the Power Range
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Neutron Flux indication consistent with the corresponding Mode of applicability of 1he Reactor Trip System Instrumcntation

Technical Specification.

SG Pressure

SG pressure is used following an accident or receipt of a reactor trip signal to indicate secondary side
integrity. It is also used as the target pressure for RCS cooldown and depressurization to terminate the
break flow following a SGTR. There is no reliable alternate indication for determining the SG pressure.
Therefore, no alternate indication is proposed in the event that SG pressure indication is unavailable.

RWST Level

RWST level indication is required following an accident or receipt of a reactor trip signal. The RWST
level instrumentation provides an indication of the need to initiate RWST makeup for accident sequences
in which most of the discharge of reactor coolant is to locations outside of the containment. The narrow
range RWST level indication only has a sufficient range to indicate the RWST level associated with the
Technical Specification requirement for the minimum RWST level and does not extend to the level
needed to indicate the need for RWST refill following an accident. Thus, there is no alternate
instrumentation to support the operator action to refill the RWST to provide continued makeup to the RCS
for long term core cooling if the instrumentation is unavailable.

High Head Safety Injection Flow

There is typically only one channel of High Head SI Flow instrumentation per train to provide indication
of SI flow for the diagnosis of the need for operator actions to manually initiate an ST signal or to start the
high head SI pumps in the event that automatic SI initiation does not occur. An alternate method of
monitoring flow from the high head SI pumps can be inferred from the high head SI pump amperage and
the high head SI pump discharge or header pressure indication;, and the automatic SI valve position
indication. All of these indications are tpically used in the EOPs to provide verification of the
satisfactory operation of the Higch Head ST pumps. Since each indication only provides a portion of the
verification of Hieh Head SI flow, all three indications are reuired to provide a high decree of
confidence of adecItuteHigh Head STflow if'theHigh HeadSflow rate indication is inoperable.

RCS Pressure (Wide Range)

RCS pressure indication is used for determining RCS pressure and RCS subcooling following an accident
or receipt of a reactor trip signal. The pressurizer pressure indication does not have sufficient range to
satisfy any of the indications that prompt important operator actions based on RCS pressure. Therefore,
no alternate indication is proposed in the event that RCS pressure indication is unavailable.

Containment Pressure (Wide Range)

Containment pressure indication is required following an accident or receipt of a reactor trip signaL The
containment pressure wide range indication provides information for the determination of an inadequate
containment cooling condition and for the determination of a challenge to the containment pressure
retaining integrity. The narrow range containment pressure instrumentation, which only extends to the
design basis pressure, could be used to determine an inadequate containment cooling condition, however
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it does not have a sufficient range to be useful in determining the potential of a challenge to containment
integrity due to overpressurization. Therefore, no alternate indication is proposed if the containment
pressure indication is unavailable.

Penetration Flow Path Containment Isolation Valve Position

The Penetration Flow Path Containment Isolation Valve Position indication provides a direct indication of a failure
to completely isolate containment following the receipt of a containment isolation signal. In penetrations that
contain two motor operated isolation valves, the indication from each valve is typically provided by separate electric
trains so that in the event of a failure of one train of electric power, the indication from the other train would be
available. The important operator action taken from this information is for manual containment isolation in the
event that automatic isolation does not occur, and also for input to the declaration of the appropriate EAL condition.
This instrumentation is the only means of confirming that all contair ment isolation valves are in the isolation
position following an automatic containment isolation signal. Therefore, no alternate indication is proposed if the
penetration flow path containment isolation valve position indication is unavailable.

Containment Area Radiation (High Range)

The containment area adiation provides an indication of a loss of one or more fission product barriers. In the event
that both required channels are unavailable, an alternate method of monitoring is the use of portable radiation
monitors outside of containment to infer the order of magnitude of the level of radiation inside the containment The
Core Damage Assessment methodology in WCAP-14696-A shows that the details of the accident sequence can
account for differences in containment radiation levels that are an order of magnitude different. Portable radiation
monitors are capable of providing information for an order of magnitude estimate.

Pressurizer Level

The pressurizer level indication is used for determining pressurizer level for SI termination following an accident
There are no other means of inferring pressurizer level in the event that the pressurizer level indication is
unavailable. Therefore no alternate indication is proposed.

Steam Generator Water Level (Wide Range)

The SG level indication is used to maintain a heat sink and for the diagnosis of a SGTR accident, and can be
fulfilled by one channel of SG narrow range instrumentation per SG is available. The indication for the initiation of
bleed and feed requires that all SGs indicate a very low level. An altrniate indication for SG level Wide Range is a
combination of one SG level Narrow Range channel, and the AFW flow rate to that SG. This combination can be
used to infer that an inventory is available in the SG in place of the Si level wide range indication. The SO narrow
rnne level indication nrovidcs n suitable alternate for the diagnosis finetions of the SG lcvel widc rannc indication
excent for the initiation of bleed and feed cooline when the SGC level approaches drvout. Bleed and fecd cooling is
only required to be implemented if the level in all SGs is below the setpoint level (which is near the drvout stane. If
the SG level wide range indication is inoperable, a suitable alternate indication for the initiation of bleed and feed
cooliane. would be a SG level narrow rains indicution ofr-scale low in ALL SGs AND an AFW flow rate below that
needed for decay heat removal (which is already specified in the EOIs). Therefore, the combination of SG narrow
range level and AFW flow rate adequately serve as an alternate if the SO wide ranre indication is inoperable.

RCS Temperature

RCS temperature indication is required following an accident for operator determination of RCS subcooling for both
RCS cooldown and depressurization, and for SI termination. This PAM indication is provided by the CETs. The
required number of CET channels is discussed under the core temperature indication requirements below.
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Figure 1 Typical Core Exit Thermocouple Locations for a Three Loop Plant

The only alternate indication used in the WOG ERGs for the indication of inadequate core cooling is the
reactor vessel level indication. However the reactor vessel level indication is not used to indicate the need
to transition from the EOPS to the SAMG; only the CET indications provide an operator cue for this
transition. Since the CETs are used for important operator acti Dns in the SAMGQ it is concluded that there
are no appropriate alternate indications for the CETs.

Auxiliary Feedwater Flow Indication

The AFW Flow instrumentation provides an indication of AFW flow that supports the diagnosis of the
need for operator actions to manually initiate an AFW signal or start AFW pumps in the event that
automatic AFW initiation does not occur. The AFW Flow instrumentation provides the most direct
indication of AFW flow to allow the diagnosis of the need for operator actions to manually start the AFW
pumps to initiate an alternate source of feedwater. An alternate method of inferring AFW flow rate for the
motor driven pumps can be provided by the AFW pump amperage AND the AFW pump discharge
pressure OR the flow control valve position (SG supply) indications. An alternate method of inferring
AFW flow rate for the turbine driven pump, is the AFW pump discharge pressure OR the steam supply
valve position AND the flow control valve position (SG supply) indications.

All of these indications are tvyically used in the EOPs to provide verification of the satisfactory operation
of the AFW pumps. Since each indication mav only provide a portion of the verification of AFV flow.
some combination of the alternate indications, as shown in Table 12. provides a high decree of confidence
of adequate AEW flow if the AFW flow rate indication is inoperable.

These alternate indications are appropriate since the risk significant action is to provide an alternate SG
feed source if no AFW pumps are available.
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The additional plant specific PAM instrumentation that is identified in Table 9, or other plant specific
PAM instrumentation that is not identified in Table 9, that does not satisfy the requirements for inclusion
in the Technical Specifications based on the methodology contained in this report can also be relocated
from the Technical Specifications to LCDs.

The generic list of PAM instrumentation proposed to be included in Technical Snecification 3.3.3 of
NUREG-1431. and those instruments proposed to be relocated from talant specific Technical
Specifications to LCDs must be confirmed on a plant specific basis by rcvicwing the plant specific DBA
analyscs. PRA. EOPs. SAMGs. and EPIP.
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8 IMPLEMENTATION

The plant specific implementation of this methodology contained in this report requires a plant specific
evaluation of the accident management apr)lication of PAMl irstrumentation contained in the: I) Dcsimn
Basis Accidents. 2) Emergency Operating Procedures. 3) Probabilistic Risk Assessment. 4) Severe
Accident Management Guidelines, and 5) Emergency Plan as discussed in this report.

The generic list of PAM instrumentation proposed lo be included in Technical Specification 3.3.3 of
NUREG-1431. and those instruments proposed to be relocated from the plant specific Technical
Specifications to LCDs must be confirmed on a plant specific basis by reviewing the plant specific DBA
analvscs. PRA. EOPs. SAMGs. and EPIP.

The overall process to be used by licensees to identify the PAM instrumentation that should be included in
the Technical Specifications is provided in Figure 2. This pro.ess is identical to that described in this
report. except that olant specific information would be used in rlace of reneric information.

As discussed in Section 3.1. the licensee should ensure that the PRA is technically adequate for this
application. PRAtechnical adequacyis addressed through thePRApeerreviewsandselfassessments
using a varietv of guidance. including dle American Society of Mechanical Engineers (ASME) PRA
Standard (Reference 7). Nuclear Energv Tnstitutc (NET) PRA leer Review Process Guidance (Reference
8) andoor Reeulatorv Guide 1.200 (Reference 9). The more extensive PRA technical adequacy
recuirements contained in References 7 and 9. while assuring a more robust PRA. are not required for this
application since the determination of the PAM Technical Specification instrumentation does not rely
solelv on the PRA and the CDF and LERF values determined from the PRA model.

The first step in the process is to identify all operator actions tiat are assumed in DBA analyses using the
criteria in Table 5. These operator actions satisfy Criterion 3 of 10 CFR 50.46 in that no automatic
actuation of equipment is included in the plant design for these actions.

The next step is to identify the risk important op~erator actions from the plant PRA using the criteria in
Table 5. The RAWA and F-V risk importance measures with appropriate numerical values can be used to
identify the risk important operator actions. For consideration of external events ('e.g.. fire and seismic
initiating events). if a qiantitative PRA is availahle. the risk importance of operator actions can be
identificd as in tile internal events PRA. For qualitative exterral events risk assessments. the results of
tie assessments can also be used to identify important operator actions by identifying operator actions
required for risk important external events or safre shutdown equipment lists. As discussed in Appendix A
of this report, the risk important operator actions are expected to be identified from the at-power, intemal
events PRA. The risk important operator actions can be identified from the RAW and F-V values. As
discussed in Section A.4 of this repon. a RAW value greater than 2.0 or an F-V value greater than 0.05
should be used to define risk important operator actions.

The next step is to identify the instrumentation associated with the important design basis and PRA
operator actions. This step establishes the relationship betwcen the instrument and the associated human
actions. This Would typically involve the use of the plant emergency and off-normnal / abnormal
procedures to identify anv instrumentation cues for initiating these actions, as well as instrumentation
cues used to confirm that the operator action has been successfully completed.
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The instrumentation required to support operator actions from the SAMG and the E-Plan would be
.identified separately since neither the SAMG nor the E-Plan is typically modeled in the PRA using the
criteria in Table 5 of this report. As discussed in earlier in this report. the instrumentation used to support
critical SAMG op~erator actions are those that identify challennes to the containment fission product
boundaries. From the E-Plan. the Core Damage Assessment is important because it is used to proiect
ofTsite doses from an accident and instrumentation used to provide the core damage assessment or the
dose proiections arc important. The EALs are important because they support notification of the offsite
authorities and provide a uniform method of ranking the severity of the accident: only the instrumentation
that supports the declaration of a Gcneral Emergency is considered to be risk important. The generic
determination for the Core Damaee Assessment determination in this report was based on the use of the
approved methodology in WCAP-14696-A. If a licensee has used a different methodology then an
assessment of the key indications that support the core damage assessment should be performed based on
the actual methodology used.

The final step is to identify the minimum set of instrumentation that supports the important actions
identified in the previous steps. In some cases, such as steam generator level. some actions can be cued
from more than one set of instrumentation. while others can only be cued from specific instrumentation.
This step would therefore focus on the minimum set required to support the key operator actions.
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Process to Determine PAM Instrumentation That Should Be Included in the PAM
Technical Specification

IBA I EOPs I PRA I SAMG I EAL I CDA I ODC

Finuie 2 Process to Detcrminc PANT Instrumentation That Should Be Included in the PANT

ITechnical Succificntinn
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APPENDIX A
INSTRUMENTATION IMPORTANCE IN PRAs

A.1 BACKGROUND

In the early 1980's several plant specific Probabilistic Risk Assessments (PRAs) were performed
(e.g., Zion Units I and 2, Indian Point Units 2 and 3) to resolve regulatory concerns related to severe
accidents. Several other PRAs were completed throughout the 1980's. The comprehensive
NUREG-1150 study was completed in the late 1980's using five reference plants to characterize severe
accident risks. These studies identified plant specific design and operational differences as a primary
reason for significant differences in the severe accident risks. In this context, severe accident risks are a
measure of probability and consequences.

Several measures of severe accident risks have been identified and subsequently used as risk "metrics."
The most common of these is core damage frequency (CDF) and large early release frequency (LERF).
Also, "importance measures" were developed to indicate the contribution of systems, components, and
operator actions to these risk metrics:

* The Risk Achievement Worth (RAW) is a measure of the increase in risk (CDF or LERF) if the
system, component, or operator action is assumed to fail with a probability of unity. It is defined
as the ratio of the CDF or LERF with failure of the component set to unity and the CDF or LERF
using the best estimate failure value.

* The Risk Reduction Worth (RRW) is a measure of the decrease in risk if the failure probability is
set to zero. It is defined as the ratio of the CDF or LERF with failure of the component set to
zero and the CDF or LERF using the best estimate failure value.

. The Fussell-Vesely (F-V) measure is a derivation of the RRW and is defined as, F-V=I+IIRRW.

Because of the potential for plant specific differences to control the severe accident risks, each plant was
required to perform an Individual Plant Examination (IPE) in response to NRC Generic Letter 88-20 in
the late 1980's. The purpose of the IPE was to identify any plant specific vulnerabilities (weaknesses)
that would dominate the risk profile of the plant. In some cases, plant modifications were made to
address specific vulnerabilities that were determined to be unacceptable. While a quantitative PRA was
required to quantify the risks associated from internally initiated accidents from an at-power plant
operating state, GL 88-20 also required at least a qualitative risk assessment of external initiating events,
such as seismic and fire. This is commonly referred to as an IPEEE.

Subsequently, each plant's IPE has evolved into a Probabilistic Risk Assessment (PRA) study. The
primary difference between the IPE and the PRA is in the depth to which the plant is modeled; the IPE
only modeled the plant features necessary to identify vulnerabilities, while the PRA models include many
more systems and components that have a somewhat lower overall contribution to risk. These plant
specific PRA models have been used to address regulatory and plant operational differcnces to ensure that
the severe accident risks remain low during all phases of plant operations.
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As the PRA models have become more mature and confidence has been gained in their application, the
PRA has been used, along with deterministic analyses and engineering judgment, to relax unnecessarily
restrictive regulatory requirements. The NRC has developed guidance on the use of PRA to change
regulatory requirements in the form of Regulatory Guide 1.174. This approach has been termed
risk-informing regulatory requirements. This regulatory guide uses the change in CDF and LERF due to
the proposed change in regulatory requirements, along with importance measures to determine, in part,
whether such a regulatory requirement change is acceptable. This process is also being used in the
development of the proposed 10 CFR 50.69 rulemaking to determine the risk informed repair and
replacement treatment requirements.

A.2 INSTRUMENTATION MODELING IN PRAs

Instrumentation is typically not modeled explicitly in the PRA. Rather, assumptions about the
instrumentation availability and reliability are typically included in other PRA models. For example, the
reliability of instrumentation to generate a reactor trip or SI signal is typically included in the overall
reactor trip or SI signal model. The reactor trip or SI model combines the instrumentation failure with
many other potential failure modes to determine the reliability of the reactor trip of SI function itself.

In the case of Post Accident Monitoring (PAM) instrumentation, the assumptions regarding its availability
and reliability are most often included as part of the Human Reliability Analysis (HRA). In other words,
the failure of the instrumentation is modeled as one of the causes of a failure of a required human
interaction to achieve a safe, stable, plant state. Since the PAM instrumentation does not generate any
automatic signals, the importance of PAM instrumentation can be investigated by identifying the operator
actions that rely on instrumentation and determining the risk importance (e.g., RAW and F:V) of that
operator action.

A.3 IMPORTANCE DATA FROM PRAs

In 1997, the WOG authorized a program for the collection of important features and results from
Westinghouse NSSS plant specific PRA studies into a comprehensive database. This database was
subsequently completed as a proprietary product for WOG utility use in 1999. The database was
constructed by requesting that each Westinghouse NSSS licensee provide their current PRA values for
certain parameters that were thought to be the more dominant contributors to core damage. In the case of
HRATesults, a prescribed set of operator actions were defined for the primary input based on those
operator actions that were identified to be the most important to the PRA results. The database also
contains other important operator actions from utility PRAs, as provided by those utilities.

A database update was conducted in 2001, and completed for NVOG utility use in 2002, to reflect newer
PRA results. The new results were a product of significant recent changes in utility PRAs as a result of

utilities upgrading the PRA models for both risk informed applications and to respond to the PRA Peer
Review findings.

The 1999 PRA survey results were collected for both RAW and F-V values for operator actions modeled
in the PRA. However, the PRA information collected in the 2002 survey only included F:V values of
operator actions, since the importance measures for operator actions generally focus on improvements in
operator actions via training and/or procedure modifications. However, the RAW importance measure is
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more appropriate for the evaluation of the PAM instrumentation based on the potential decrease in
equipment reliability if it is removed from the Technical Specifications. In the 2002 survey, it was not
foreseen that the operator action importance measures would be used to investigate the reliability of the
information upon which the operator actions are based.

To address the issue of operator action naming, common sets of operator action titles were developed
from the database information, as shown in Tables A-I, A-2 aid A-3. Using these standard operator
actions, the risk importance of the operator actions over all Westinghouse NSSS plants is shown in Tables
A-l through A-3. Table A-I summarizes the F-V importance measure results from information provided
in the 2002 database update. Table A-2 provides the F:V importance measures from the 1999 database;
Table A-3 provides the RAW values from the 1999 database. The information provided in Tables A-l
through A-3 shows the maximum and minimum values for the risk importance measures for each operator
action reported in the databases, along with the median value based on all of the plants that provided a
value. The mean value is not included, because it is typically skewed by one or two very high RAW and
F:V values in the database.

A.4 CRITERIA FOR RISK IMPORTANCE

,The EPRI PSAApplications Guide'Reference IS) su eests thata component has a high risk significance - Deleted: FromRegulatory -

if the F-V value is greater thanjQ05 or the RAW value is greater than 2.0. The use of F-V and RAW to. - Deleted: 1R174 anedr-aRRgulatory

identify risk important systems structures and components has been used in Section 5.1 of NEI 00-04 *v--- Gude 1.01 te0lCFRc 50.69 -
'.. ruemakig. it can e ncluded - -

(Reference 19). which is endorsed by the NRC in Recilatory 3uide 1.201 (Reference 20). The system Delted: i.:
level importance measure criteria for F-V from Referencc I 8 are applicable here based on two

observations: F) the operator action failure disables an entire system. as opposed to a component failure
that mavonlycontribute to a system failure, and 2) instrumentation failures are onlya portion of the
operator action failure, with the remainder being made un of operator errors of omission and commission
in reading instrumentation and taking the appropriate actions. However, risk importance thresholds
cannot be used as absolute criteria above which SSCs can be considered to be clearly risk-significant and
below which they can accepted as low in safety-significance. Rather, they are screening devices that
provide insights as to what may or may not be important to safety for any given plant or system design.

At this point, a discussion of the common usage of the risk importance measures is in order. Risk
Achievement Worth defines the importance of a PRA parameter by comparing the overall risk results
(e.g., overall core damage) with the parameter at its nominal value, to the overall risk if the parameter is
totally unreliable (e.g., always failed). Fundamentally, the Risk Achievement Worth has little to do with
the design or reliability of a component itself, but relies heavily on the defense-in-depth available in the
form of redundant SSCs to mitigate the effects of the loss of the component. On the other hand, the F-V
more directly relates to the reliability of a component by suggesting the impact on risk from
improvements in reliability.
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I Table A-l 2002 PRA Survey Results Operator Action Risk Reduction Worth,*___ _________..

Deleted: (Using FV Importance i: I
, M Peswure) -- ~~ .:

I
Operator Action ISax Min Median

Align Alternate Cooling to Charging Pumps 1.53 1.008 1.05

Restore AC Power 1.59 1.00 1.04

Restore Equipment Following AC Power Recovery 1.17 1.02 1.05

Re-Align AFW 1.10 1.00 1.02

Align Alternate Feedwater Source 1.10 1.01 1.05

Perform Remote Shutdown 1.20 1.10 1.12

Perform Bleed and Feed 1.20 1.00 1.02

Restore CCW 1.06 1.01 1.03

Restore Instrument Air 1.08 1.00 1.03

Align Emergency Boration 1.02 1.00 1.01

Transfer to Cold Leg Recirculation 1.59 1.03 1.05

Isolate Stuck Open Pressurizer PORV 1.04 1.004 1.01

Isolate Ruptured SG 1.05 1.007 1.03

Reactor Shutdown for ATWS 1.11 1.005 1.02

Manual SI 1.23 1.006 1.02

Establish Normal RIIR 1.05 1.006 1.03

RCS Cooldown and Depressurization 1.19 1.00 1.04

Refill CST 1.09 1.07 1.08

Refill RWST 1.12 1.01 1.07

RCS Cooldown for SGTR 1.03 1.004 1.06

Restore Service Water 1.17 1.001 1.03

Control AFV Flow to Maintain SG water level 1.06 1.007 1.04

Terminate SI for SS Break 1.07 1.001 1.02

Terminate SI for SGTR N/R N/R N/R

Note:
N/R = Not reported in the 2002 survey-

* Values in the database are given as Risk Reduction Worth which is related to F-V blv:

RRW= 1 - (I - F-Vt.
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I Table A-2 1999 PRA Survey Results Operator Action Risk Reduction Worthb…
i . -I Deleted: (UsingFVlmportance

| easur) . -. : -.

Operator Action 4|M.n Min Median

Align Alternate Cooling to Charging Pumps 1.29 1.000 1.042

Restore AC Power 1.085 1.002 1.023

Restore Equipment Following AC PowerRecovery 1.10 1.000 1.012

Re-Align AFW 1.22 1.000 1.005

Align Alternate Feedwater Source 1.10 1.005 1.019

Perform Remote Shutdown 1.29 1.020 1.125

Perform Bleed and Feed 1.29 1.008 1.015

Restore CCW 1.06 1.000 1.015

Restore Instrument Air NIR N/R N/R

Align Emergency Boration I.C3 1.000 1.000

Transfer to Cold Leg Recirculation 1.59 1.000 1.029

Isolate Stuck Open Pressurizer PORV N/R N/R N/R

Isolate Ruptured SG 1.38 1.000 1.005

Reactor Shutdown for ATWS 1.04 1.000 1.000

Manual SI 1.02 1.005 1.008

Establish Normal RIIR 1.03 1.013 1.015

RCS Cooldown and Depressurization 1.13 1.000 1.016

Refill CST N/R N/R N/R

Refill RWST 1.4.2 1.001 1.071

RCS Cooldown for SGTR N/1t N/R N/R

Restore Service Water 1.45 1.000 1.02

Control AFW Flow to Maintain SG water level N/I N/R N/R

Terminate SI for SS Break 1.05 1.000 1.000

Terminate SI for SGTR 1.10 1.000 1.002

Note:

N/R = Not reported in the 1999 survey.

Values in the database are given as Risk Reduction Worth which is related to F-V by:

RRW - I - (I - F-V).
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In PRA applications, the RAW is typically used to assess the conditional risk during the time that a
component is assumed to be removed from service. If the component is in service, then the components
with the highest Risk Achievement Worth are those that should be considered for protecting against
failure or avoiding additional activities that could remove them from service or render them inoperable.
Risk Achievement Worth can be a useful tool in configuration risk management in this regard. In this
application, the Risk Achievement Worth measure of importance can be an indicator for maintaining the
current reliability of the instrumentation under consideration. Components ranking high in Risk
Achievement Worth are those which potentially can result in the greatest increase in risk if their reliability
is allowed to degrade. These components should be focused on in the monitoring of reliability and
availability efforts, as well as other potential special treatment requirements. Less benefit is expected to
be derived by focusing on systems and components ranking lcw in Risk Achievement Worth, since
greater uncertainty can be tolerated in their performance due to the limited impact they are likely to have
on risk.

Application of the Fussell-Vesely measure of importance includes the identification of SSCs that may be
candidates for modification or improvement such that the overall risk can be lowered if the failure
probability were rediined. Components ranking high in Fussell-Vesely are those at which efforts to
improve the reliability or redundancy may have the greatest benefit. Components ranking low in
Fussell-Vesely importance are not necessarily the best components on which to focus such efforts, since
even if they were to be made completely reliable, they would only have a limited impact on overall risk.

It must be recognized when calculating either of these importance measures that it is physically
impossible to make a component perfectly reliable (as is assumed for the Fussell-Vesely measure of
importance) and it is highly unlikely that a component will always fail when called upon to perform its
function or will always be out of service (as is the case for Risk Achievement Worth). In this regard, the
values derived for each of these measures of importance should be considered as extremes or at least
bounding in their characterization of the impact of the individual component or system on risk.

A.5 ASSESSMENT OF OPERATOR ACTION IMPORTANCES

The data summary in Tables A-I through A-3 reveals that there is significant variability in the risk
significance of many operator actions from plant to plant. That is, the risk importance of a particular
operator action, based on RAW or F-V, may be significantly different from one plant to another. There
are a number of reasons for this, including:

* Differences in the HRA models, including differences in the human error probabilities assigned to
various actions,

* Differences in the manner in which operator actions are grouped in the HRA model, and

* Differences in the contribution to core damage for a given operator action due to plant design and
plant specific equipment reliability factors.

A comparison the F-V values reported in the 1999 and the 2002 surveys shows that there is not a
significant difference in the results. That is, the operator actions with high F-V values in the 1999 survey
also had high F:V values in the 2002 survey. The same conclusion can be drawn with respect to the low
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| F:V values; those operator actions with low F-V values in the 1999 survey also had low F-V values in the
2002 survey. Although RAW was not reported in the 2002 survey, it is assumed that the RAW values
would also follow this same trend.

Therefore, the use of the operator action RAW values from the 1999 PRA survey, as shown in Table A-3
are a valid basis for assessing the importance of instrumentation for accident management

From Table A-3 the operator actions with the highest RAW values, in descending order based on the
median values for Westinghouse NSSS plants, are:

* Transfer to Cold Leg ECC Recirculation,
* RCS Cooldown and Depressurization,
* Manual Safety Injection,
* Restore AC Power,
* Perform Remote Shutdown,
* Re-align Auxiliary feedwater,
* Perform Bleed and Feed,
* Restore Cormponent Cooling Water, r
* Align Alternate Cooling to Charging Pumps,
* Isolate Ruptured SG,
* Align Alternate Feedwater Source
* Restore Service Water,
* Restore Equipment Following AC Power Recovery,
* Refill RWST,
* Terminate SI (SGTR and Secondary Side Breaks),
* Align Emergency Boration, and
* Reactor Shutdown forATWS.

From these operator actions identified above, several can be eliminated based on the lack of
instrumentation required to successfully complete the actions. The operator actions eliminated from
further consideration are:

* Restore AC Power - This action is based on plant Abnornal Operating Procedures. The only
instrumentation required for this action is the emergency bus voltage, which is an indicator that
the action has been successfully completed. Since the successful completion of the operator
action for restoration of a.c. power is not dependent on a specific indication that is provided by
plant instrumentation, there is no potential post accident monitoring implication.

* Perform Remote Shutdown - The requirements for instrumentation at the remote shutdown panel
are contained in the Remote Shutdown System Technical Specification, and are not PAM
instrumentation.

* Restore Component Cooling Water (CCW) - This action is based on plant Abnormal Operating
Procedures. The diagnosis of a fault in the CCW system and subsequent operator actions to
restore CCW are based on the failure in a normally operating system. The failure of the system
would be indicated in the control room by multiple indication and alarms. As such, no essential
"key" parameter indication exists, since the operator action is based on the status of the entire
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system. The only instrumentation required for this action is the CCW flow and temperature,
which is an indicator that the action has been successfully completed. Since this is not an action
required to diagnose a condition that could lead to core damage that has a high risk significance,
it does not satisfy Criterion 4 of 10 CFR 50.36 (cX2)(ii) and therefore should not be included in
the PAM Technical Specification.

* Align Alternate Cooling to Charging Pumps - This action is based on plant Abnormal Operating
Procedures for loss of Component Cooling function to the charging pumps. The diagnosis of the
loss of CCW and subsequent recovery actions are discussed above. The re-alignment of cooling
to the charging pumps is a direct consequence of the diagnosis of a loss of CCW and is not based
on any specific additional instrumentation indications. Since this is not an action required to
diagnose a condition that could lead to core damage that has a high risk significance, it does not
satisfy Criterion 4 of 10 CFR 50.36 (cX2)(ii) and therefore should not be included in the PAM
Technical Specification.

* Restore Service Water (SW) - The diagnosis of a fault in the SW system and subsequent operator
actions to restore SW are based on the failure in a normally operating system. The failure of the
system would be indicated in the control room by multiple indication and alarms. As such, no
essential "key" parameter indication exists, since the operator action is based on the status of the
entire systent. The only instrumentation required for this action is the SW flow and temperature,
which is an indicator that the action has been successfully completed. Since this is not an action
required to diagnose a condition that could lead to core damage that has a high risk significance,
it does not satisfy Criterion 4 of 10 CFR 50.36 (c)(2)(ii) and therefore should not be included in
the PAM Technical Specification.

* Restore Equipment Following AC Power Recovery - This action is based on the plant Emergency
Operating Procedures for Loss of All AC Power. This operator action follows the operator
actions to restore ac. power to the vital bus(es). An indication of successful restoration of a.c.
power to a vital bus is the bus voltage. Various instrumentation are also available to indicate that
actions to restore equipment have been successfully completed (e.g., pump amperage and flow).
The only unique indication that equipment can be restored to a vital a.c. bus is the bus voltage.
The vital bus voltage requirements are addressed by the Distribution Systems Technical
Specification and are not PAM instrumentation.

It is also noted that althouglh reactor coolant pump (RCP) seal LOCAs are an important contributor to
core damage for Westinohouse PWRs. there are no operator actions modeled in the PRA to Protect the
RCPs from an RCP seal LOCA. The plant specific off-nortnal / abnormal procedures provide guidance
for restoring seal cooling for those sequences that are susceptible to RCP seal LOCAs (which are all
seonences involving a loss of all RCP seal cooling). However, if RCP seal cooling is not guickly re-
established, then the rrocedures typically instruct the operators not to re-establish RCP seal cooling in
order to avoid additional RCP seal darmage due to thermal shock. Thus, there are no risk significant
operator actions for preventing an RCP seal LOCA.

The next step in the assessment is to relate the PAM instrumentation to the operator actions modeled in
the PRA. The instrumentation utilized for each operator action was identified by reviewing the detailed
PRA models for several plants and confirming these results with an independent review of the generic
WOG Emergency Response Guidelines, upon which all of the WOG plant Emergency Operating
Procedures are based. The results of this assessment are shown in Table A-4.
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