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1.0 BACKGROUND

In-service Testing (IST) programs were developed to ensure the reliable operation of safety-
related pumps and valves at nuclear power plants. The codes, standards and guides for these
tests were developed by the American Society of Mechanical Engineers (ASME) Operations
and Maintenance (O&M) Committee. The essential Nuclear Regulatory Commission (NRC)
regulation governing this process of testing has been 1#CFR50.55 and has been implemented
using ASME B&PV Code Section XI (Ref. 1), both for passive component examination
(welding, studs, etc.) and for active component testing (pumps and valves).

For the past several years, both the nuclear industry and the NRC have devoted significant
witention and resources aimed at improving the performance of pumps and valves. In a letter
(Ref. 2) dated September 9, 1991 from James E. Richardson of the NRC to Forrest T. Rhodes
of ASME, the NRC requested that the ASME O&M Committee consider revising existing
requirements for in-service testing. The letter requested revisions to ensure the ability of certain
pumps and valves to perform their intended hydraulic and mechanical safety functions. The

revisions requested would:

«  Expand the scope to include specific components that are not constructed in accordance with
ASME B&PV Code Section 111 rules for construction or tested in accordance with ASME
B&PV Code Section XI;

+ Require verification of each safety function for each included component;

+ Require such verification be accomplished at design basis conditions, or, where such
verification is not possible, a test at less than design basis conditions combined with an
analysis may be substituted; and

+ Data collected during component testing may be compared with data taken during previous
tests to allow determination of the condition of the component.

This request was made in part due to NRC concerns with the ability of some components to
perform their safety functions under design basis conditions, such as motor-operated valves and
check valves, and concern that the in-service tests required by ASME B&PV Code Section XI
and incorporated by reference into 10CFR50.55a(f) do not: a) include each component that has
a hydraulic or safety-related function; b) accompiish verification of each safety function of
each safety-related component; or ¢) require that such verification be accomplished at the design
basis conditions.
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The intent of current IST programs is to include all active safety-related pumps and valves that
are credited in the plant design basis safety analysis. In general, the IST equipment lists are
developed by review of plant drawings showing ASME Code Class 1, 2 and 3 classification
boundaries. All components within the boundaries are then reviewed to determine whether or
not they were credited with an active safety function under the plant licensing basis. The FSAR
analyses and other design basis documentation are reviewed to make these determinations.

Older plants not initially designed to ASME B&PV Code Section 1] have applied ANSI Safety
Class 1, 2 and 3 classification rules to piping and components for purposes of establishing
ASME B&PV Code Section XI test requirements, even though the systems and components
were not designed or constructed in accordance with ASME B&PV Code Section I11.

As a result of the NRC request for IST program enhancement, there are industry concerns
involving the restrictive nature and basis for these requirements and their impact on plant
operation. Overly restrictive requirements can complicate plant operation, cause unwarranted
operating costs, and most importantly, degrade plant safety through needless component testing
and undue burden during plant outages.

Developments in the industry demonstrate an acceptance of the use of risk-based approaches
using a plant's probabilistic safety analysis (PSA) to identify prescriptive regulations that have
marginal safety benefits. The momentum in this direction is evidenced by recent NRC interest
in graded QA and EPRI's applications of risk-based technologies, and most recently, in the
issuance of the Nuclear Regulatory Commission’s final policy statement on the use of PSA in
nuclear regulatory activities (Ref. 3).

Similarly, improvements to IST programs using a risk-based approach can reduce operating
costs while maintaining a high level of plant safety. Possible savings from improved IST

programs include:

« Reduced costs of engineering analyses to develop test criteria that adequately demonstrate
functional capability at design basis conditions;

«  Reduced costs of plant modifications where current configurations do not support testing
at or near design basis conditions;

«  Reduced costs for development of new test procedures implementing the new test criteria;

and



+ Reduction of incremental costs associated with performing the new tests, including:
- Additional time required to perforin the tests and analyze results;
- Costs of specialized test equipment or vendor services;
- Possible effects on critical path outage duration; and
- Possible increases in radiation exposure.

For these reasons it is advantageous for utilities to pursue IST program improvements. The
impact of changes on plant safety is of primary interest and is the controlling factor in
implementing such changes. However, changes that negligibly reduce plant safety should not
be ruled out, especially if such changes can lead to significant plant performance improvements
in other areas.
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2.0 PROJECT SCOPE AND OBJECTIVES

The scope of this project is to perform a review of the Comanche Peak Steam Electric Station
IST program that optimizes the safety benefits in assuring pump and valve performance. It uses
a methodology for a risk-based approach to IST program review and enhancement that is
founded on a blend of probabilistic and deterministic methods and that has as its principal
results, recommendations for adjustments to test frequency intervals for these components.
Thus, it is not aimed at reducing the number of components within the scope of an IST program,
rather at optimizing what is tested and when. In this study, all components within the scope
of the IST program were examined. However, only those determined to be less safety
significant will be considered for a code exemption. The ASME O&M Committee is reviewing
the more safety significant components to ensure that the appropriate tests are identified and
performed on those components for their respective failure modes.

The objectives of this project are to apply risk-based technologies to IST components to
determine their risk significance; to apply risk-based technologies to risk-significant
components identified in the IPE and outside of ASME Code Classes 1, 2 and 3 to determine
whether additional compensatory measnr=s are appropriate; and to apply a combination of
det~rministic and risk-based methods to determine appropriate testing frequencies and/or
compensatory measures for [ST components. The results of this project will be the basis for the
CPSES code exemption submittal to the NRC and will be part of a pilot study for the industry.

Several safety enhancements to a plant IST program can be derived, both directly and indirectly,
by using the probabilistic and deterministic approach presented in this report. These safety
enhancements are very similar to those attendant with the optimized performance of motor-
operated valves discussed in NUMARC 93-05 (Ref. 4), from which elements of the following

discussion were taken.

Greater attention and resources devoted to the high priority IST components could translate into
many direct safety enhancements. First, this group of components could be subjected to, where
practical and meaningful, more frequent periodic tests than the lower priority groups. The
timeliness of any problem identification and resolution would be improved. Second,
requirements associated with the high priority group of IST components are expected to be more
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rigorous and demanding in nature than for the other groups. These requirements provide added
assurance that any problems that may impact the functionality of the components will be
identified and resolved. Third, the resulting risk-based IST program will consider whether some
risk-significant components that are outside the scope of ASME Code Classes 1, 2 and 3 should
be added to the IST program to improve safety. Finally, because extensive testing can have
adverse safety and operation'al consequences, reduction of testing may reduce component
wearout and operator burden. These changes are expected to improve safety.

Indirect Safety Enhancements

There are other indirect safety benefits to this approach that are as important. Risk-based
prioritization efforts identify the safety-significant IST components and the impact of their
potential failures on plant safety. In addition, these analyses identify important scenarios that
provide information with respect to the operational demand that may be placed on a given
component. Such information is valuable because it relates the performance of the IST
component to the broader context of plant safety. This allows more rational decision making,
more efficient use of resources, and is central to optimizing safety benefits.

2
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30 PROIECT APPROACH

The TU Electric risk-based IST project was developed and implemented as part of a tailored
collaboration (TC) effort with EPRI. The project was conducted under the direction of a
Steering Committee that interfaced with the American Society of Mechanical Engineers
(ASME) research program funded by the NRC, the Westinghouse Owners Group (WOG), the
Nuclear Energy Institute (NEI) and other utilities, and coordinated its activities with other
industry efforts such as the WOG check valve program and various NEI activities on risk-based
regulation. The TC project was designed to provide plant-specific benefits to TU Electric and,
as a pilot project, to provide generic insights and tools that will benefit similar industry projects.
In particular, the project developed generic methods for idencifying opportunities to reduce
those IST-related regulatory requirements and commitments that require significant resources
to comply with and/or implement, but contribute insignificantly to safe and reliable operation.
This work is being provided to NEI's Risk-Based IST Task Force and ASME B&PV Code
Section X1 IST Research Task Force to assist them in their formulation of guidelines and in-

service testing requirements.

The Steering Committee developed the overall project objectives and milestones and
commissioned various work activities and studies in doing this work. The Steering Committee
consisted of members with expertise in the areas of licensing, probabilistic safety analysis,
ASME B&PV Code Section XI and WOG analysis activities. In addition to providing overall
coordination, the Steering Committee served as the central point of decision making for major
technical issues and provided technology transfer and guidance to the expert panel in
performing its work. These latter activities were accomplished through common membership
of several members on the Steering Committee and the expert panel. It was concluded that the
strength of this risk-based IST program and the integrity of its results lie both in the rcbustness
of the methodology and in the work of the Steering Committee and expert panel. Further, the
robustness of the methodology provides consistency in the results.

The project was divided into two phases. Phase 1 included the development of an
implementation guidelines document and actual implementation of the methodology to
prioritize components in the IST program. Phase 2 invonlved the development of tools for
evaluating test intervals for the risk-significant IST components. The work activities in each
of these phases were reviewed by the Steering Committee and presented to various other peer
groups at strategic points in the project. In this way the methodology was refined, and a fairly
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mature process was arrived at before involvement of the expert panel. The various tasks that
support the project are described in more detail in the sections that follow.

3.1  Methodology

The process described above lead to development of the methodology. The methodology was

ieveloped consistent with NUMARC Guides 93-01 (Ref. 5)(Maintenance Rule) and 93-05
(Motor Operated Valve(MOV) testing). The system level ranking approach from the
Maintenance Rule process was merged with the component level ranking approach used for
MOV testing. The merging of the two approaches was designed to ensure that the new IST
program would benefit from and be consistent with the Maintenance Rule process and other
industry risk-based programs.

The Risk Achievement Worth (RAW) and Risk Reduction Worth (RRW) risk measures of the
Maintenance Rule were combined with the Fussell-Vesely (FV) risk measure of MOV testing.
Because this initiative was to reduce existing regulatory burden rather than focus on new
regulatory initiatives, the methodology applies these risk measures in s manner intended to
ensure a safety-neutral outcome.

Because RRW and FV provide similar insights, only the FV importance measure was utilized
in this analysis. Fussell-Vesely provides a measure of incremental change in total core damage
frequency (CDF) that indicates the importance of incremental changes in reliability that might
result from changing in-service test intervals. Risk Achievement Worth provides an indicator
of the importance of degradations in component reliability. These measures were combined into
a decision criteria such as that shown in Figure 3-1.

As the figure indicates, components with a significant FV were considered “more risk
significant”. Components with an insignificant FV were considered “less risk significant”.
However, it was important to ensure that a reduction in test intervals did not allow unintended
consequences, i.e., a compromise in safety resulting from a degradation in reliability.
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Figure 3-1
Decision Criteria
Risk Importance Measures
Fussell-Vesely Importance > 0.001
Risk Achievment Worth > 2.0

Risk y
Achievment
Worth
il IV
0 0.001

Fusseil-Vesely Importance

I More Safety Significant Component (MSSC)

il Less Safety Significant Component (LSSC) With Compensatory Measures
. Less Safety Significant Component (LSSC)

V' More Safety Significant Component (MSSC)

Not Modeled - Components Reviewed By Expert Panel For Determination Of Ranking
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Therefore, if FV was insignificant, it was also required «hat RAW be insignificant for a
component to be classified as “less risk significant”. If EAW was significant, the component
was considered by the expert panel for placement in the high category. If the panel decided the
component could be ranked low, an additional requirement was imposed before a component
could be classified as “less risk significant”. A compensatory measure was requized to be
selected by the expert panel to limit degradations in reliability.

During the development of this methodology, EPRI and NEI began working with NRC on the
development of the EPRI PSA Applications Guide (Ref. 6). In general, this methodology is
consistent with the guide. The guide did provide a specific acceptance criteria for permanent
risk increases that was used in this evaluation. A few minor differences between this
methodology and the EPRI PSA Applications Guide exit, niost of which are more conservative
in this study.

The general approach taken included four steps. First, risk importance was determined. This
determination was based on the results of the IPE and the IPEEE and other plant operating
modes, such as outage modes. In addition to this complete spectrum of core damage accidents,
severe accidents leading to large and early fission product releases were also given special
attention. Finally, the importance of components not in the [PE and IPEEE models or not in the
IST program were evaluated.

The next step addressed the completeness and adequacy of these models through a number of
sensitivity analyses to compensate for the limitations of the quantitative models. The third step
evaluated the cumulative impact of low risk significant components on plant risk if their in-
service test intervals were extended. This step provided technical justification for proposed test
intervals for less risk significant components in the existing IST. The fourth and last step was
to review the process and results with an expert panel that was knowledgeable of plant risk,
plant design, plant operations practices, and plant performance. This process blended
deterministic safety insights with quantitative risk insights to ensure that risk significance was

appropriately identified.

The following sections further describe the methodology and provide some additional
background to this work.



3.2 Risk lmportance Determination

In this study, risk importance rankings of the IST components were determined based on the
results of the CPSES IPE. These risk rankings were then complemented with rankings based
on consideration of other accident initiators and plant operating modes. These other accident
initiators are external events siich as fires, tornados, and earthquakes. The other plant operating
mode is the outage mode. Each of these evaluations considered importance with respect to core
damage prevention. Core damage prevention has been found to be a good measure of the
spectrum of releases that can result from severe accidents. However, unicue risk contributions
can occur if severe accident releases are large and early. Hence, risk rankings were also
complemented by considering components important to preventing large, early releases. This
approach is consistent with the intent of the safety goal and the severe accident policy statement
and is a requirement of the EPRI PSA Applications Guide.

In applying the above method, it was found that a significant  ction of IST components are
not in the IFE. While it is likely that such components are not risk significant, this study
specifically evaluated each component and the design basis functions addressed by the IST
program. Most components that are not in the IPE were found to be implicitly modeled by the
study. That is, the IPE found that the components cither were not required for the system to
prevent severe accidents, were in systems that provided a highly redundant function, or
performed functions that were extremely unlikely to be required. The systematic review of
these components used quantitative and qualitative insights to determine whether components
should be considered more or less risk significant and whether risk insights implied that

compensatory actions should be considered.

The risk ranking process also identified some IPE components that were more risk significant
but which were not in the IST program. These components typically were found to be outside
the code class boundary and therefore not subject to IST requirements. These components were

considered for compensatory action equivalent to those defined for components in the IST
program.
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33 Completeness [ssues

Quantitative risk models have limitations associated with the structure of the models and the
assumptions and the input data used. The limitations were compensated for by evaluating
truncation limits, identifying IST components masked by the IPE, applying a conservative
treatment of common cause failures, requiring an expert panel to identify components with
operational concerns, and performing selected sensitivity studies.

The risk ranking process described above used the FV and RAW importance measures. The
values for these importance measures are calculated based on cutsets. The cumulative effects
analysis described below also is based on cutsets. Cutsets are obtained by solving the mode!
with a truncation limit. Experience has shown that setting the truncation limit arbitrarily low
creates inefficiencies such that analysis costs quickly exceed the value of risk insights gained.
This project evaluated the truncation limit used in the CPSES IPE and found it to be cufficient
for both risk ranking and estimating cumulative effects.

The IPE model may “mask” certain components because they are associated with
supercomponents, human events or initiating events but not explicitly identified. The
components masked by the IPE model are typically small contributors to the overall probability
of the event. However, it was considered appropriate to verify this consideration for this effort.
The project evaluated those IST components that were: 1) contained in supercomponents (eg.,
some components on the diesel generator skid), 2) required to function as part of a human
action, and 3) might cause a significant plant initiator.

Risk ranking results can be strongly affected by the contribution of common cause failure. The
approach taken in the project was to conservatively assume that a common cause event in the
cutsets should have its entire risk significance assigned to all components represented by the
event. This approach lead to the inclusion of a significant number of components in the more
risk significant category which otherwise would have been considered less risk significant. The
expert panel confirmed that the approach identified potentially important components.

Both risk ranking measures used are influenced by the reliability data assigned to the
component. The CPSES IPE uses generic data since an insufficient amount of plant-specific
data was available. Generic data (and indeed, most interpretations of plant specific data)
considers components in groups. But ranking was done on a component basis. Consequently,
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the expert panel considered whether or not plant specific operational insights indicated
component reliability problems that might affect the ranking of an individual component or
small group of components. Components with operational concerns were considered more risk

significant by the expert panel.

Finally, the completeness of thie models, assumptions and input data were tested by sensitivity
studies. In one sensitivity study designed to consider the impact of human event modeling, risk
ranking results were compared assuming operator events in the iPE always failed to occur.
Another sensitivity study was designed to consider whether changes to in-service testing offered
the potential for common-cause-like degradations in components in different systems. Less risk
significant components were assumed to be influenced two at a time. Four such components
were identified which, together with other components, offered the potential of becoming more
risk significant. Appropriate compensatory actions designed to limit reliability degradations
were imposed on these components. A similar sensitivity study was performed where less risk
significant compor cats were assumed to be influenced three at a time.

3.4 Cumvative Effects of Test Interval Changes

A risk ranking approach based on importance measures such as was used in this project does
not necessarily guarantee that acceptable levels of risk will result. Risk importance measures
are based on changes to components one at a time. Changes to many components
simultaneously may cause unintended increases in risk despite meeting the selected conservative

risk ranking measures.

An analysis was performed to determine the potential risk impact of increasing in-service testing
intervals simultaneously on all less risk significant components. Consideration was given to
available information on how changes in test intervals will change component unavailability.
Uncertainty in this information, together with the complexity required to model such an
approach, dictated the use of a very conservative approach. That is, risk impact was measured
assuming that component unavailability (including both on demand and time dependent failure
rates) increased by the same factor that the test interval increased. Despite the use of this
conservative assumption, calculations indicate that test intervals could be increased from
quarterly to six years or more with acceptable increases in risk. If consideration were given to
improvements in performance that are possible to occur from a risk-based IST program, it is
plausible that core damage risk may not increase at all.



35  ExpertPancl

For the CPSES Risk-Based In-Service Testing (RBIST) Program, an expert panel (EP) was
established to make the final determination of risk ranking for the pumps and valves in the
CPSES Unit 1 and 2 IST program. The panel was constituted in part of individuals who were
members of the Steering Committee and of others who were members of the expert panel
established for the implementation of the Maintenance Rule.

The members of the panel were selected based on their nuclear power plant experience which
included expertise in the areas of ASME codes and standards, plant operations, maintenance
engineering, systems engineering, design engineering and probabilistic safety assessment
(PSA). The minimal education and experience requirements for panel members were a BS in
an engineering discipline and eight years in nuclear power. The operations representative
currently holds a USNRC Senior Reactor Operator License and has held it for at least two years.
The chairman has significant technical expertise in PSA applications and project management.
The expert panel also utilized the expertise of other consultants and engineers in doing its
evaluations.

The minimum quorum necessary for the EP to conduct business was four (4) members
consisting of the representatives from operations, probabilistic risk assessment, system
engineering/in-service test engineering, and codes and standards. It was decided that the panel
would be living and it would participate in periodic updates to the ranking whenever the IPE
study is updated.

The scope of the expert panel activities included both risk ranking and application of it. The
panel’s principal responsibility was to ensure the risk ranking information was consistent with
plant design, operating procedures, and with plant-specific operating experience. The panel
made a qualitative assessment of the risk importance categories that were developed for the
components using the IPE results and insights discussed in the preceding sections of this report.
This assessment was based on deterministic insights, plant-specific history, engineering
judgements, regulatory requirements, and probabilistic safety analysis insights. The panel
reviewed the IPE component risk rankings, compared the IPE and IST functions to ensure
consistency with plant design, analyzed applicable deterministic information and determined
the final safety significance categorizations for all the IST components. At the end of the expert
panel evaluation process, every component in the CPSES IST program was reviewed and
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evaluatad by the expert panel members. A summary of the expert panel process is provided in
section 4 of this report.

At CPSES, various station procedures are used to govern the activities related to the IST
program and other areas such as corrective action and root cause programs. These procedures
form a consistent means of controlling and integrating site-wide activities. The ASME B&P
Code Section X1 in-service testing of pumps and valves is implemented by procedure STA-711,
“ASME Section X! In-service Teusting Program tor Pumps and Valves.” This procedure
provides guidance to ensure effective, consistent and coordinated implementation of the code
requirements. It provides guidance on how the in-service testing program interfaces with other
station procedures to perform surveillances, to maintain test records, to assure deficiencies are
identified, tracked and resolved, and to assure that corrective actions are performed and
documented. These procedures provide the means by which feedback of failures of IST
components to the IST program is accomplished. They provide assurance that failures of IST
components will be promptly identified and addressed and modifications to the in-service
testing program (e.g., change to surveillance intervals) are made in a timely manner.

A failure of an IST component may be identified in the course of duing ordinary maintenance
and tests or as part of a surveillance activity. These activities are controlled primarily by STA-
606, “Work Requests and Work Orders,” and STA-704, “Surveillance Program™. When a
failure is identified as part of a surveillance test or maintenance activity, a ONE Form is
prepared per STA-421, “Operations Notification and Evaluation (ONE FORM)”, depending on
the nature of the failure. This form is used at CPSES to report potential adverse conditions and
resolve issues and to assure that corrective actions are performed and documented. Resolution
of a ONE Form is accomplished in accordance with the requirements of STA-422, “Processing
of Operations Notification and Evaluation (ONE) Forms”. Resolution of a ONE Form includes:

. Assigning a unique identification number and logging in appropriate plant
information systems, and initial distribution for trending purposes.

. Reviewing the reported condition to determine the category of correction action
required.
. Considering the generic implications of the item, i.e., the potential for the

condition to exist elsewhere and initiating works order as required to investigate.
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. Determining the probable cause of failure.
. Identifying and performing corrective action.

Depending upon the nature of the adverse condition, the corrective actions may include
reporting to outside agencies, performing an engineering evaluation or performing a root cause
evaluation. Root cause evaluations are preformed in accordance with STA-515, “Root Cause
Analysis.” These evaluations include a structured analysis of issues in order to identify causes
of and contributing factors to component failure. As appropriate, root cause evaluations
consider human performance issues and require failure anaiysis of components.

In addition to these activities, the implementation of the Maintenance Rule at CPSES requircs
that failures of components in systems within the scope of the rule be reviewed to determine
whether these failures are maintenance preventable functional failures. The IST systems are
within the scope of the maintenance rule and thus will come under these provisions.
Maintenance preventable failures that result in system functional failures receive root cause
analysis and corrective action evaluations, if the Maintenance Rule has been implemented on
the system.

For deficiencies arising from surveillance work orders, records of corrective action are
documented on work orders per the requirements of STA-606, "Work Requests and Work
Orders". Work orders contain details of all corrective actions performed. Records of in-service
testing to confirm operational adequacy following corrective actions are documented on post-
work test reports per the requirements of STA-623, “Post-Work Test Program.” The IST
engineer reviews all closed IST-related surveillance work orders and post-work tests. The IST
engineer also reviews in-service valve test results during the work order post-work review
process and extracts and records any trendable data for early identification of equipment
problems that may require modification to the IST program.

Because the IST engineer is a member of the systems engineering group, his activities are
closely integrated with those of the system engineers. The pump and valve performance records
maintained by the IST engineer are used extensively by systems engineers to determine
corrective actions and to monitor system performance. The IST engineer is also a member of
the expert panel for implementation of the Maintenance Rule and the risk-based IST program.
He participates in periodic reviews of the performance of systems within the scope of these
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programs, and through these means, he can provide timely feedback of performance of
components in the systems.

Thus, the various procedures and programs in place at CPSES provide assurance that failures
of IST components will be promptly identified and addressed and modifications to the in-service
testing program will be considered and made in a timely manner.

3.7  Quality and Technical Adequacy of CPSES [PE

In generz!, the IPE study for CPSES fully satisfies the requirements of a full-scope Level-I and
Level-Il PRA. One of the main objectives of the IPE development was to be able to utilize its
results and insights toward the enhancement of plant safety through risk-based applications.
With this objective in mind, the IPE elements were developed in detail and integrated in a
manner sufficient to satisfy both the NRC Generic Letter 88-20 requirements and support future
plant applications.

The CPSES IPE study was performed by developing large fault trees and small event trees. The
large fault trees were then linked together according to the event tree logics for quantifying
accident sequences. The major elements of the IPE study were developed and reviewed in a
manner consistent with and in excess of the good practices of the time. In general, it is believed
that the CPSES IPE meets or exceeds the quality standards subsequently suggested by the EPRI
PSA Applications Guide. These major elements are briefly described below.

Initiating E lysi

A detailed review of plant equipment and operating procedures was performed to identify all
the potential plant-specific initiating events as well as those initiating events that were identified
in the industry. The loss of support system initiators such as service water, component cooling
water, safety chilled water, HVAC, Instrument Air, Electrical Power subsystems were also
identified and evaluated in the IPE study. In addition, other special initiators including
interfacing systems LOCA, SGTR, ATWS, internal flooding and station blackout were analyzed
in detail and documented in the [PE.
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oides o lysi

A detailed accident sequence analysis was performed and resulted in the development of
functional event trees for all the initiating events identified in the IPE study. This also included
induced LOCA initiating events such as stuck open primary side safety valves, stuck opcn
PORVs, and most importantly, reactor coolant pump seal LOCA.

The accident sequences were quantified using the fault tree linking methodology. The common
concern in the industry is the truncation limit which could potentially impact the importance
evaluation. The total core damage frequency for CPSES was estimated to be 5.72 E-05. The
truncation limit chosen for the CPSES accident sequence quantification was set at 1.0E-09
which is approximately 2.0E-05 below the total core damage frequency. The recommended
truncation limit in the EPRI PSA Application Guide document is 10 below the baseline [PE
core damage frequency. The analysis of truncation limits for this application is described in
section 4 of the main report. Most assumptions related to IST components were in effect
validated by the treatment of not-modeled IST components. In addition, ATWS mitigating IST
components have been ranked appropriately.

Systems Analysis

One of the major elements of the CPSES [PE study was the system analysis task. A total of 15
systems including support systems and front-line systems required for accident mitigation were
analyzed. For all 15 systems, detailed system notebooks were developed which are found to
be excellent documents for plant support activities. The impact of the loss of room cooling on
equipment operability was carefully evaluated by the plant-specific room heat-up calculations
and other available information in the industry. As part of this effort, the impact of loss of room
cooling on the control room and switchgear room were also evaluated.

c Cause Failure Analysi

Common Cause Failures (CCF) impacting two or more components in a system were carefully
examined and appropriately placed in the system fault tree models. The Multiple Greek Letter
(MGL) method described in NUREG/CR-4780, “Procedures for Treating Common Cause
Failures in Safety and Reliability Studies,” was used to quantify the effect of common cause
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failure events. The evaluation process is consistent with the NRC and EPRI guidelines. The
typical IST-related component types are included in the CCF analysis. These are:

. Motor operated valves

. Air operated valves

. Check valves

. Electro-hydraulic valves

. Solenoid valves

’ Operating pumps

. Standby pumps

. Turbine-driven pumps
. Positive displacement pumps
H Reliabili -

TU Electric spent extensive amount of time to review, analyze and document human
interactions that were modeled in the IPE study. This analysis is consistent with the guidelines
of SHARP methodology developed by EPRI. This analysis included an evaluation of operator
timing and emergency operating procedures that might create more demands on the operator.
In general, three groups of human interactions were considered, namely, latent human errors,
human errors associated with initiating events, and dynamic human errors. In addition, a
detailed recovery analysis was performed to properly account for the possible recovery actions.
The approach adopted for the CPSES IPE follows the general guidelines in the EPRI recovery
analysis (EPRI RP 3206-03, “Modeling of Pecovery Actions in PRAs™). The recovery analysis
included the interview of operations staff with extensive plant experience, development of
decision trees, review of related procedures and drawings, and consideration of the available
time for each critical recovery action. The human reliability analysis process and results were
all documented in a separate notebook.




IPE Review Process

To ensure a high-quality IPE and to provide quality control to the IPE Process, two types of
independent reviews were conducted. One was done internally by TU Electric staff, and the
other was done externally by outside PSA exnerts. In general, both reviews were applied *o the
entire examination process except when it was not possible due to the availability of resources
or required skills. In those few cases, as a minimum, each task was reviewed thoroughly by
either an internal or external independent reviewer. Furthermore, a final independent review
was performed after the IPE study was completed. A team of PRA experts was selected from
the industry to independently review the entire [PE study and its supporting analyses. The
review team spent one week at the TU Electric offices where documents, procedures and
supporting calculations and analyses were available for use. The results of all independent
review activities performed by intertial and external reviewers were well documented as part of
the IPE documentation requirements.
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40 SUMMARY AND CONCLUSIONS

Section 3.0 provides an overview of the process used to develop the risk based IST plan for
CPSES. This section provides a discussion of the results and conclusions of the process.

4.1  Summary of Expert Pinel Process

As described earlier, the expert panel process was integrated with a Steering Committee which
in turn coordinated with other industry activities such as the ASME research program and the
WOG check valve program. The expert panel for risk-based IST was essentially the same as
the Maintenance Rule expert panel with the addition of the Steering Committee chairman and
the IST program coordinator, both of whom were knowledgeable of IST requirements and
commitments, [ST plan implementation, and CPSES plant performance.

To prepare for the expert panel review, the risk ranking team developed a set of simplified
P&IDs for all the systems modeled in the IPE. The IPE risk category results, component tag
numbers, and the location of the components in the systems were all shown on the simplified
diagrams. Using this information and the design basis functions addressed by IST as
documented in the IST plan, the panel reviewed and validated or adjusted the ranking results.

The panel’s principal responsibility was to ensure the risk ranking information was consistent
with plant design, operating procedures, and with plant- specific operating experience. The IPE
and IST functions were compared to ensure consistency with plant design. In particular, reverse
flow in check valves was evaluated to see if it might be risk significant since the IPE assumed
this to be low probability. If redundant trains could be affected by that failure mode, the risk
ranking was adjusted accordingly. Also, information was fed back to the ranking process to
reflect unmodeled operator actions that altered some ranking information, usually a RAW value
rather than a FV value. Finally, the panel identified operational concerns about a specific
component that might affect the risk ranking or might make in-service testing desirable for other
reasons. In more than one case, a component’s ranking was increased to high because in-
service testing helped prevent entry into a limiting condition for operation (LCO).

The panel also reviewed the sensitivity of the compenent rankings to common cause failure.
Many of these components were valves in the lower half of the FV medium category (i.e., from
0.005 to 0.001). The panel felt that these were important components and that they should be
retained as is in the IST program.
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The panel also reviewed the rankings and their associated technical bases for other sources of
risk and other risk measures, namely, the IPEEE and outage risk sources and the large, early
release risk measure. Based on this information, the ranking of some components was increased
to high.

In the event that the panel found a component to be potentially high (low FV, but high RAW),
the panel selected a compensatory measure to ensure that component functionality would still
be evaluated on a regular basis by other plant programs. Because pumps were often ranked high
and potentially high components were often in the flow path for the IST pump test, the quarterly
pump test was often found to be an effective compensatory measure for suction and discharge
check valves. Potentially high MOVs were often “tested” by other technical specification

requirements, namely slave relay tests.

The panel also spent a significant portion of its time reviewing IST components not modeled
by the IPE, and IST components that were modeled by the IPE but for which not all IST
functions were modeled. Risk ranking of these functions was based on insights gained from the
earlier work, e.g., components whose failures might affect redundant trains were ranked high.

The final ranking step performed by the panel was to consider IPE components not in the IST
which met the criteria for high risk. All the high risk components not in the IST program were
confirmed by the expert panel. In general, the importance of instrument air and the decay heat
removal related portions of main steam were the principal focus of the panel’s considerations.
Evaluations were designated to determine how to best use in-service testing techniques to
address the more safety significant failure modes modeled in the IPE.

For high ranked components in the IST, the panel decided to maintain all in-service testing as
is, regardless of whether some failure modes (and therefore some tests) were not risk significant.
This conservative approach was adopted for ease of implementation and administrative
consistency. For low ranked components in the IST, the panel discussed the technical basis for
increasing test intervals and yet maintaining plant safety. In addition, the panel considered
implementation issues associated with particular test intervals. The panel concluded that
generally a staggered test implementation over 6 years would be the best implementation
strategy.



42  Results and Conclusions

Inmisstudy,allcompommswithinthescopcofmcISTprogmnwereexamined. In all, a total
of 687 components were examined and ranked as either High-more safety significant or Low-
less safety significant. Of this total, 654 valves were evaluated, 117 (17.9%) of which were
ranked high and 537 (82.1%) of which were ranked low. Thirty-three (33) pumps were
evaluated, 21 (63.6%) of which were ranked high and 12 (36.4%) of which were ranked low.
Of the total components, 375 (54.6%) were modeled in the IPE and 312 (45.4%) were in IST
only, most (285) of the latter being low ranked valves. Only those determined to be less safety
significant (low) will be considered for a code exemption.

Table 4-1 lists all the compenents by tag number that were examined in this evaluation. This
table shows the entire spectrum of the review and the results of the expert panel evaluations.
The risk ranking process was concluded to be robust. It generated results that were consistent
with deterministic insights from the expert panel and found to be safety neutral. The following
spectrum of risk and deterministic insights demonsirates this conclusion:

. a spectrum of risk sources were considered, i.e., IPE, external and outage,

. multiple risk measures were considered, i.e., CDF and LERF,
. diverse importance measures were used, i.e., FV and RAW,
. sensitivity studies consistently demonstrated that the risk significant components had

been identified,

. both IPE and IST functions were compared and evaluated and considered in an
integrated manner, and

. both PRA and deterministic insights from the expert panel were incorporated into both
the ranking results and the resulting IST plan.

The scope and level of detail of the results review by the expert panel, the emphasis placed on
understanding why components were ranked high or low, the careful comparison of the IPE and
the IST functions, and the sensitivity studies performed all demonstrated the technical adequacy
of the IPE to serve as the basis for this and other risk based applications. The resulting risk
based IST program is considered by the expert panel to have the appropriate changes (both
increases as well as decreases in scope) and the appropriate checks and balances to ensure
burden reduction can be achieved while maintaining or even improving plant safety.
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The results of this analysis indicate that the risk increase associated with the proposed interval
changes is acceptable even with the very conservative assumptions used in the study. The total
risk may in fact decrease if the overall IST program becomes more efficient by focusing on the
more important components. Each of the important components are represented more than once
in nearly all of the cutsets containing pumps and valves. A small improvement in the
unavailabilities of important cf)mponems would likely translate into a corresponding reduction
in risk. This reduction in risk is probably larger than the increase that might result from
increased test intervals since it is expected that the risk increase would be even less than the
amounts calculated here.

In conclusion, modifying the test frequencies of the IST components in the low safety
significance category to every 6 years is reasonable and at worst would result in an insignificant
increase in total plant risk. By every indication from both engineering judgment and risk
insights, the selected test interval increase for less safety significant components is prudent and
the overall change to the IST program is believed to be safety neutral.
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Tabie 4-1
Summary of Risk Ranking Results for IST Components

[Soned By 1ST Plan
ST Plan| - Risk v e | IR | e i | S5 ES | stmic Risk |COF Ranking| S8 | Fiows Ranking
Table Component Description Fussell-Vesely * | Achievement | Ranking SBased Ranking Ranking Changes Based On IST
Number North * onFV = Ranking Ranking c . To Expert
Number Changes v Changes Panel Review y
Table 0 |CPV-AFAPMD-01 (1) [PUMP 101 00282 2 8296 High No change No change No change Ne change rgh No Change Hgh
OR AUXILIARY TER
[Table 0 [CP1-AFAPMD-02 1-02 00394 3 3020 High Nochange | No change No change No change High No Change Hgh
TURBINE DRIVEN AUXILIARY
Table G {CP1-AFAPTD-O1 FEEDWATER PUMP 1-01 0 2351 12 9035 High Nochange | Nochange | Nochange No change High No Change High
COMPONENT COOLING WATER PUMP 1-
Table 0 |CP1-CCAPCC-01 0 0366 4 8323 High No change No change No change No change High Ne Change High |
Table 0 |CP1-CCAPCC-02 00303 38 5384 High Nochange | No change No change No change High No Change High
Table 0 |CP1-CHAPCP-05 0 0080 17278 Medum No change | No change No change No change ' Medium No High
Table 0 |CP1-CHAPCP-06 (2)4 | 1-G6 0 0003 13459 Medum No change | No change No change No change Medium No Change High
Table 0 |CP1-CTAPCS-01 CONTAINMENT SPRAY PUMP 1-01 na na None No change No change No change Nc change nva No Change High
Table 0 |CP1-CTAPCS-02 CONTAINMENT SPRAY PUMP 1-02 nva n'a Nane No change | No change No change No change na No Change High
Table 0 |CP1-CTAPCS 03 [CONTAINMENT SPRAY PUMP 1-03 na n/a None Nochange | Nochange | No change No change wa No Change High
able 0 |CP1-CTAPCS-04 (CONTAINMENT SPRAY PUMP 1-04 n‘a na None No change | No change No change No chenge va No Change High
able 0 |CP1DDAPRMO1  |REACTOR MAKEUP WATER PUMP 101 n/a n/a na wa na wa No change na Low Low
DIE TOR 1-01 FUEL OiL
Table 0 ICP1-DOAPFT-01 TRANSFER PUMP 1-01 0 0478 140 000N High Nc change | No change No change No change None Decressed Low
DIESEL GENERATOR 1-01 FUEL OIL
(Table 0 |CP1-DOAPFT-02 TRANSFER PUMP 1-02 00478 14G 0000 High No change No change Nc change No change None Decreased Low
L GE A i L
Table 0 |CP1-DOAPFT-C3 TRANSFER PUMP 1-03 © 0478 140 0000 voh No change | No change No change No change Nane Decreased Low
DIESEL GENERATOR 1-02 FUEL OIL
Table 0 [CP1-DOAPFT-04 TRANSFER PUMP 1-04 00478 140 0000 High No change No change No change No change None Decreased Low
Table 0 |CP1-SWAPSW-01 STATION SERVICE WATER PUMP 1-01 0 0969 77 6708 High Nochange | Nochange | No change No change Hhgh No Change High
Table 0 |CP1-SWAPSW-02 (1) |STATION SERVICE WATER PUMP 1-02 0 0386 107 0000 rHigh No change No change No change No change High 'bm Hgh
SAFE DING SUMP 1-01 Pt
Table 0 |CP1-WPAPSS-01 1-01 na na n/a n/a nva na No change na Low
BUIL 1-01
Tabie 0 [CP1-WPAPSS-02 1-02 na na n/a va n'a na No change na Low Low
BUILDING SUMP 1-02
Table 0 |CP1.wWPAPSS-03 103 rva na wa wa na va No change na Low Low
1-02 PUMP
Table 0 [CP1-WPAPSS-04 1-04 n‘a n/a n/a n'a n'a na No change na Low Low
(Table 0 |CPX-DDAPRM-01 REACTOR MAKEUP WATER PUMP X-01 n/a na na nia na na No change na Low Low
Table 0 |CPX-SFAPSF-01 n/a na n'a na va na No change e Low Low
Table 0 |CPX-SFAPSF-02 na n'a na na na na Mo change na Low Low
Table O Ecsagg»o‘ mAcn]’_RNCSFERWIOI na nla None wa-!-___m Nod’gt No change na No Change Hagh
Table 0 [TBX-CSAPBA-02 BORIC ACID TRANSFER PUMP 1-02 n/a nia None Nochange | No change No change No change na Ne Change High
[Table 0 | TBX-CSAPCH-01 (1) |CENTRIFUGAL CHARGING PUMP 1-01 00125 1 5301 High Nochange | No No change No Hgh No Change | High
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Table 4-1
Semmary of Risk Rankwg Results for IST Components

[Sortea By 1ST Pian
IST Plan . T Risk inital IPE T ml; Outage Risk " oe. f W' Seismic Rish icnrn-u-q o L Final Ranking
Table s Component Description Fusseii-Vesely * | Achievement | Ranking Based Ranking Ranking Changes o Based On IST
Number . 3 nFv ™ Ranking Ranking p To Expent Study
Number Changes - Changes — Panel Review
'7.-.13 1-8824 Si TO HL 1-01/1-04 TST ISCL WLV na na na na na nGg Mo change na Low Low
able 13 11-8825 RHR TO HL 1-02/1-03 TST ISOL WLV nia na na na va na No ~va Low Low
Table 13 |1-8835 St Pmp 1-01/1-02 To Ci iny tsol Viv 0 0006 14773 Low Medum Category 1 Medwm No change Low Ne High
i Tabie 13 |1-8840 RHR To HI 1-02/1-03 iny Isoi Viv 00247 13 96858 High No change | No change No change No change High | No High
Table 13 11-8841A RHR To RCS Hi 1-02 Upstrm Chik Viv n/a nva None No change | No change No change No change na No Low
Table 13 |1-88418 lamtoacsutmwcmw na na None Nochange | No change No charge No change nia Ne Change Low
ICCP 1-01/1-02 INJ HOR CHIK VLV
Table 13 |1.8843 IUPSTRM TST VLV na na na ra wa na No change n'a Low Low
Table 13 |1-8871 U1 Si TST HDP RET IRC ISOL VLV na na na na na na No change na Low Low
Table 13 |1-8875A Si Accum 1-01 N2 SPLY/VENT Vv n‘a na None No No change NO change No change na Nc Change Low
Table 13 [{1-88758 Si Accum 1-02 N2 SPLY/VENT Viv na na None MNo change No change No change No changs ) No Change Low
Table 13 |1-8875C Si Accum 1-03 N2 SPLYNVENT Wy n‘a na None No change |} No change No change No changs na No Change Low
Table 13 |1-8875D Si Accum 1-04 N2 SPLY/VENT Viv na na None No change | No change No chiange Nc change na No Change Low
able 13 [1-8877A St Accum 1-01 Tst Ln isol Viv na nia Naone Nochange | Nochange | Nochange No change na No Change Low
able 13 |1-8877B St Accum 1-02 Tst Ln Isol Viv n‘a na None No change | No change No change No change réa No Change Low
able 13 |1-8877C St Accum 1-03 Tst Ln isol Viv n'a na None No change No change No change No change na No Low
Table 13 |1-8877D Si Accum 1-04 Tst Ln isol Viv na na None No change No change No change No change na No Change Low
Table 13 |1-8878A Si Accum 1-01 Fill Viv na na None No change | No change Ne change No change na Ne Change Low
able 13 11-88788 S Accum 1-02 Fill Viv n/a na None No change No change No change No change n'a No Change Low
Table 13 |1-8878C Si Accum 1-02 Fill Viv n/a na None No change No change No change No change wa No Change Low
Table 13 |1-88780 St Accum 1-04 Fill Viv na va None Nochange | Nochange | Nochange No change wa No Change Low
Table 13 [1-8879A RHR TO CL 1-01 TSTWLV na n'a n'a n‘a na n‘s No change n‘a Low Low
Table 13 |1-88798 TOCL 1-02 TSTWV na wa e na wa na No change na Low Low
Table 13 |1-8879C TO CL 1-03 TST WV na n'a na nva na na No change nia Low Low
Table 13 {1-8879D RHFR TO Ct 104 TST VLV n'a na na na n‘a na No change na Low Low
U1 SWPORV ACCUM N2 SPLY ORC 1SOL
Table 13 |1-8880 VLV n'a e na na na na No change na Low Low
Table 13 [1-8881 SI TO HL 1-02/1-03 TST ISOL MLV na na na n‘a na na No change nia Low Low
CCP 1-01/1-02 INJ HOR CHK VLV
Table 13 [1-8882 DNSTRM TST VLV nia n/a va n/a n/a na No change n/a Low Low
Table 13 |1-8863 U1 S| ACCUM FILL LN ISOL VLV na na na na na na No change na Low Low
able 13 |1-8889A St TO HL 1-01 TST LN WLV nia n‘a na n‘a n/a na No change na Low Low
Table 13 |1-88898 SITOHL 102 TSTIN VLY nia n/a na na na na No change na Low Low
able 13 [1-8889C SiTOHL 1-03 TSTLN WLV nva na wva n‘a nia nia No change nwa Low Low
Table 13 |1-88880 S1 TO HL 1-04 TST LN WLV na n/a na na wa n'a MNo change va Low Low
Tabtle 13 |1-8890A |RHR TO CL 1-01/1-02 TST WLV na na nva wa na na No change va Low Low
Table 13 |{1-88908 RHR TO CL 1-03/1-04 TST LV va na na na va wa No charige e Low Low
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Summery of Risk Rankmg Resalts for IST Coamponesss

Tabie 4-1

By IST Plan
IST Plan| ” Risk winw o | Tore o & | Outage miek | P | sememic misk Ranaing| "'"'"“ Finet Ranking
Table - Component Description Fussell-Vessly * | Achievement | Ranking Based Ranking Ranking Changes :'.' : « Based On IST
- -

Number Worth on FV ::-“"' Changes :II-". ot Changes wiout CCF b R Study

Tatde 17 na na nia va na wa No change wa Low Low

Table 17 na n‘a n'a na nva n'a l&d-, e Low Low

Table 17 na na na na na wa No wa Low Low

Table 17 wa wva wva wva wa ~a o change ~a Low Low

| Tatle 17 na na na s na na Ne change va Low Low

[ Table 17 na na va na na na No change ' na Low Low

Table 17 |18S-0030 AUTO EQUAL VLV Ve na na nia wa n'a No change va Low Low
CNTMT PERS AIRLOCK 1-01 INT DOOR

Table 17 |1B5-0044 MAN EQUAL VLV 0044 n'a na na na n‘a na No change na Low Low

AIRLOCK 1-01 INT

Table 17 |1B5-0056 MAN EQUAL VLV 0058 na na na na na na No change va Low Low
g NT

[Tabie 17 |[1BS-0202 IDOOR MAN EQUAL VLV na na na n'a wa na No change wa Low Low
U1 CNTMT PERS EMER AIRLOCK EXT

Table 17 [1BS-0203 MAN EQUAL VLV na na n/a n/a na na Mw na Low Low

Table 17 11CA-0016 (U1 CNTMT SERV AIR HDR CHK VLV na na na na wa na No change na Low Low

able 17 [1CH-0024 U1 VENT CH WTR SPLY IRC CHK VLV na wa n'a na na na 'hm na Low Low
Ut VENT CH Y HDR

(Table 17 |1CH-0271 [IORC PRESS RLF VLV na na na wa na na No change n/a Low Low
11 CNTMT VENT CH WTR RET HDR ORC

Table 17 |1CH-0272 [PRESS RLF VLV na n'a n'a na na n/a No change va Low Low

(Table 17 |1CI-0030 U1_IL¢87MMTOU1CNTUTC¥.(VLV na na None No change 'bw No change ma—, wva 'QO-! Low

able 17 [1WP-7176 LWPS RCDT 1-01 DRN HDR RLF \A.L n‘a na na wa na na MW na Low Low

ASS SMPL TO RCDY 1-01 RLF
(Table 17 [ 1TWP-7177 VLV na na na na n'a na 'bl’-' na Low Low

Table 4-1 Puge 27
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