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RELTIABILITY ASSURANCE PLAN
FOR THE
SYSTEM 80+ NUCLEAR POWER PLANT

1.0 INTRODUCTION
1.1 Purpose

System 80+ is g standard nuclear power plant design that is to be certified under
10CFR Part 52", As such, a Level 111 Probabilistic Risk Assessment (PRA) has
been prepared at the onset of the design and licensing processes, and will be
updated during the subsequent engineeri _, procurement, and construction
processes. This PRA will be maintained and updated as the design details
increase, and will be delivered to the owner/operator upon completion of plant
startup. The owner/operator will either maintain the PRA themselves or have the
PRA maintained by another organization as a living document that reflects the
operating plant as it evolves.

The Reliability Assurance Program (RAP) defines a program for maintaining
consistency between the System 80+ PRA and the Plant configuration. The program
will ensure that the Procedures and Technical Specifications and p?ant
configuration (including maintenance) are consistent with the PRA. The program
defined herein is {intended to cover the entire life-cycle of a System 80+
Standard Design Nuclear Power Plant. This plan may be modified by the holder of
the Combined rating License (COL) to contain plant specific 1gformation. The
RAP is specified as part of the EPRI ALWR Ut.!ity Requirements‘®’,

1.2 Scope

The RAP describes the elements of the program for maintaining the PRA. and
conducting a Reliability, Availability, Maintainability, and Inspectability
(RAMI) program, and a Reliability Centered Maintenance (RCM) program for the
entire plant (both the NSSS and BOP) covered by the certification. It assures
consistency between the PRA bases and the plant operation, maintenance and
configuration. The RAP plan will be updated and expanded as appropriate as t .
6031?n moves through certification, First Of A Kind Engineering (FOAKE) and plant
specific engineering. Further updates to the RAP will be included in this report
as the project progressed through procurement, construction, and operation.

The RAP describes the interface of the PRA with the plants Operating Procedures,
Emergency Operating Procedures, Severe Accident Management Prccedures, Test and
Maintenance Procedures, Technical Specifications and security.



2.0  PRA PROGRAM ELEMENTS

The RAP program includes the elements that are necessary to ensure that the PRA
is maintained consistent with the plant configuration and operation., This
requires a 1iving PRA that reflects the plant as it progresses from design and
construction, and through the operation phase. Therefore the PRA program will
be integrated with the other aspects of the plant life cycle. The living PRA is
being integrated with the design, operation procedures, maintenance procedures,
emergency procedures, and general management of the plant.

2.1 PRA Goals

The RAP assures that the bases of the PRA remain valid and that the plant
continues to meet the ALWR reliability and safety objectives. The safety
obJoctiveg for the ALWR is to have an individual early morzllity risk of les:
than 5x10° " /R-Y and a cancer mortality risk of less than 2x10 ®"/R-Y. This implies
a large release potential for offsite early fatalities of Jess than 1x10°%/R-Y,
The core damage frequency for ALWRs is to be less that Ix10°/R-Y.

2.1.2 PRA Methodology

Standard methods were used by ABB-Combustion Engineering in the performance of
the System 80+ PRA‘’. The leve! 1 (core d;mage frequency) portion of the
analysis is equivalent to the baseLine probabilistic safety analysis (PSA)
described in the PSA Procedures Guide’ and the methods employed were consistent
with methods outlined in the PSA Procedures Guide and methodologies described in
the PRA Procedures Guide'®’.  The methods used in the PRA were also in
conformance with the recommendations of the "PRA Key Assumptions and
Groundru}a:' in Appendix A to Chapter ! of the EPRI ALWR Requirements
Document'’. The small event tree/large fault tree approach is used for the
evaluation o/ core damage frequency.

External events are defined as those events that result in a plant perturbation
or transient, but are not 1niti|t§p bx &pe plant systems. External events were
identified by rcvieu1n9 past PRAs® ™Y ") and PRA guidange documents such as the
PRA Procedures guide‘®, the PRA Fundamentals Q9cument“’ prepared by BNL, and
the ANS guide for selecting external event:"'”. Events with similar plant
effects and consequences were grouped together, Criteria were established to
determine which external events are insignificant risk contributors and thus can
be excluded from detailed quantitative evaluation. The screening criteria was
based on,gestgn requirements set forth in the EPRI ALWR Utility Requirements
Document”, generally accggted regulatory practices as documented in the NRC
Standard Review Plan (“RP)‘™ considerations, and g..eric siting considerations.
Each external event identified was then evaluated against the screening criteria
tc determine whether detailed quantitative analysis is needed. This evaluation
also consider’Q thg insights gained from a review of PRAs for present generation
power plants® ™y 13)

The methods used for the level 2 severe accident progression, containment
respanse and source term analyses were consistent with the methods used in NUREG-
1150°®), the methods described in the PRA Procedures puide‘“’ and those methods
recommended in the EPRI ALWR Requirements Document'”’. The level 3 analyses



consequences) also use methods consistent with those described in the PRA
rocedurgs Guide® and the methods recommended in the EPRI ALWR Requirements
t‘

Documen

A1l three levels of the PRA require a bases of the plant configuration, equipment
mean time between failure (MTBF), mean time to repair (MITR), inspection
intervals, operator procedures, and other aspects of the plant operation. Theie
bases are given in the report 'Anllys;s Assumptions for the System 80+ Standard
Design Probabilistic Risk Assessment™’". This document is an integral part of
the 1iving PRA and 15 updated as needed.

2.3 PRA During Design and Construction

Figure 2-1 shows the major PRA tasks,

This full-scope PRA program has been conducted using a representative site. Event
tree and fault tree models were developed for the design. These models were
integrated and used to estimate the feasibility of meeting the plant risk and
core damage frequency goals and to provide insight into design decisions. A
component reliability data base and component naming convention were established.
A baseiine level 1 PRA mode)l was developed.

in the second phase, the scope of the PRA was extended to provide detailed models
of the support systems, to include a detailed containment analysis and to
calculate consequences in terms of off-site doses. This phase identified the
dominant core damage contributors and the dominant contributors to off-site
releases, The models were used to determine the impact of design changes on core
damage and on large release frequency and to identify the dominant contributors.
This information was be fed back to the system designers for consideration in the
design.

The third phase, following Design Certification by the U.S. NRC, will involve a
continuation of the interactive reliability assurance process in which, the PRA
practitioners participate during the FOAKE phase. The system fault tree models
developed in earlier phases will be modified to evaluate and reflect proposed
system design enhancements and details and ihe engineers with system design
responsibility, will be continually appraised of the reliability of their systems
vis-a-vis achievement of the plant risk objectives.

During the procurement and construction phase, the PRA will be maintained current
to reflect the "as built" and site specific design and procedures. The PRA will
be delivered to the owner/operator after completion of construction and startup.

2.4 PRA During Operation

The PRA will be installed on a computer and delivered for use at the Utility.
Appropriate training and documentation will be provided so that the Utility
Engineering staff will be able to maintain the PRA current over the 1ife of the
plant, and to use the PRA as input to operations and maintenance decisions.

The Utility Staff will maintain the PRA using procedures to be developed by the
Utility. The PRA will be used to evaluate potential design changes. System
fault trees will also be used in the RAMI Program and to support the Reliability
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3.0 RANI PROGRAM ELEMENTS

The RAMI Program will be developed by Combustion qu\noerinq to predict and track
lant availability in the same way that the PRA follows plant risk. The RAM]
rogram will be conducted within the context of a RAP Program. The PRA and RAMI

efforts use data, methods and analyses which are similar and complementary.

After plant startup, the utility will maintain the RAMI Program and ensure that

it is consistent with the plant configuration, procedures, and operating history,

3.1 RAMI Analysis

In the design process, reliability engineers sub-divide the top level
quantitative Capacity Factor requirements into system level quantitative design
requirements. These quantitative requirements w.1l be addressed by each system
design engineer. As the system designs evolve, the reliability engineers perform
Failure Modes and Effects Analyses (FMEAs) and perform fault tree analyses for
systems determined to be important to the plant's ability (o meet its
quantitative requirements. Standard methods will be used in the performance of
the System B0+ RAMI fault trees. The RAMI modeling will be performed in manner
much like the Level | (core dapage frequency) portion of the analysis described
in the PSA Procedures Guide’ and the mnthPQs employed are consistent with
methods describec in the PRA Procedures Guide'®. The results of ‘hese analyses
are provided to the design engineers to confirm that their designs meet
quantitative requirements and identify which specific design characteristics are
lTimiting. As th: design progresses, the system level and component level
quantitative reliability requirements will be established to assure that top
Tevel requirement: are met cost effectively. Through this iterative process,
communication is maintained between system designers and reliability engineers.

The central featuies of the RAMI program are:

1. Reliability Analysis - Failure Modes and Effects Analysis are used to
evaluate the potential impacts of component malfunctions on plant
operability.

R PRA Fethodology - Fault Tree Analysis methods are wused tc
probabilistically predict and quantify plant availability and plan.
capacity factor.

3. Design Review - A formal design review procedure is implemented to
provide a vehicle for assuring that communication is maintained between
the sysizm designers and the engineers performing the RAMI analyses.

The comporent failure rate data base, for use in the fault tree analyses, will
be updated during the FOAKE phase, with generic data chosen at the beginning and
being replaced with design specific data as it becomes available. This revised
data base will become part of the PRA data base and integrated into the Plant
Reliability Data Base (see Section 3.2).

The Design Review Meetings will provide the forum for system designers,
reliability engineers and project management to discuss RAMI consideration and
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ies. atems that are being specifically addressed in the
8 Jdyses «nd in interactions between relfability ergineers and
syst o dude:

i, Identification of component failures, combinations of component
failures, test and maintenance errors, and operator errors that can
lead directly, or through the ' chnicel specifications. to an outage
or reduced production,

2\ ldentification of Critical Components;
3) ldentification of Dominant causes of outages,

4) ldentification of each system's status with regard to meeting the RAMI
quantitative goals.

The RAMI Analyses will be maintained current with the design as design details
become availab.e during the construction and start-up of the plant. In addition,
the final RAMI Model will be installed on a computer and delivered for use at the
Utility. Appropriate training and documentation will be provided so that the
Utility Engineering staff will be able to maintain the RAMI me<els current over
the 1ife of the plant, and to use the RAMI models as input to operations and
maintenance decisions.

3.2 Plant Reliability Data Base

Both the PRA, RAMI, and RCM programs need an integrated data base. The Plant
Reliability Data Base started out as the PRA dats base. The PRA data base is
also used for the initial PAMI models. This data base is expanded to include
plant specific data as it is accumulated. This insures that the Living PRA,
RAMI, and the RCM programs use consistent data. It enables an easy comparis.on
of generic data and plant specific data.

A PRA data base was developed during ti.: de-ign phase and will be expanded during
the procurement and construction phases. PRA data 1is needed for the
quantification ¢f the system fault trees and t%e system accident sequences which
result in severe core damage, The data needed for this quantification inc.ud"s:

Initiating event fregquencies,

Component failure rates (demand and time-dependent),

Component repair times and maintenance frequencies,

Common cause failure rates,

Human failure probabilities,

Special event probabilities (e.g. restoration of offsite power),
Error factors for the items above.

Mmoo

Generic reliabili‘g data are being used appropriately per the guidance in the PSA
Procedures Guide. The primary scurce of data used for the PRA in the
Preliminary Design Phase are the "PRA Key Assumptions and Groundrules" (spG)
document (Appendix A to Chapter 1 of the EPRI ALWR Requirements Document‘’’)



uther industry-accepted generic data sources will be used as needed to supplement
the data in the KAG.

The Plant Reliability Data Base will contain both the generic PRA data and plant
specific data on the same items. This will enable a comparison of the data, and
upgrading of the PRA and RAMI analysis. Dates of maintenance requests will be
stored so that Aging Analysis can be performed. The plant Reliability Data Base
will be consistent with the NPRDS, a nuclear component data base maintained by
INPO,

3.3 Corrective Actioas Program

Pert of the RAP program is the Corrective ~ctions Program. This program has been
placed as part of the RAMI section because the most common corrective actions
will deal with availability impruvements with both the nuclear island and balanre
of plant, The Utility will develop a Corrective Actions Group that will review
sug?cstnd plant changes to ensure that they are consistent with safety and plant
availability goals. The Coirective Actions Group will also review all reactor
trips, NRC SER Reports and reported events at other sites that could have
si?nificant availability or safety ‘mplications. The Corrective Actions program
will involve senior representatives from Plant Maragement, Operations,
Maintenance, PRA, and the RAMI groups. Its chairman will report directly to the
Plant Manager. Details of the group composition and procedures will be described
in this section of the RAP at a later time. Its organizational interfaces are
given in Section 6.



4.0 RELIABILITY CENVERED MAINTENANCE PLAN

The PRA incorporates the mean time between failures, mean lime to rrpair, and
inspection intervals on the equipment that support plant safety. Thes. equipment
characteristics are strongly affected by the maintenance program. Reliability
Centered Maintenance (RCM) is a structured, programmatic appros.n to Cetermine
how to prudently and economically maintain plant equipr -  RCM embodies the
attributes o7 relfability, availability, maintainability ¢ 1 inspectability. An
RCM program will be developed during the plant specific design phase of the
System 80+ development with sufficient breadth and detai! to support operationa)
decisions,

&.1 RCM Phases

The detailed RCM Program Guide will be developed during the Plant Specific design
phase and either included here or referenced in this document. The RCM program
will be integrated with the PRA program. The PRA group will supply to the
maintenance planning group the MTTR, MIBF and inspection intervals used in the
PRA. They will also supply to the RCM group the major sequences leadin? to core
damage and an evaluation of the importance of each system in terms of plant risk
reduction. The maintenance planning group will review the PRA bases and ensure
that it is included into the RCM program. Discrepancies between the PRA and RCM
sroqrans will be eliminated in an iterative fashion. The various phases of the
CM program are outlined below

Initiation Phase:

This phase involves developing and organizing the following information:

1) Description of system function for each operating mode. Description
of component functions for all components within the system which
can affect the system function.

2) Descriptiors of how the system and its components perform their
intended functions.

3) Descriptions of performance tasks which are required to enable the
system and its components to continue to perform their intended
functions,

4) Description of the PRA and RAMI models for each system including
equipment data.

5) Develop Risk-based Inspection Guides (RIGs) based on the PRA
and other available guidance.

Implementation Phase:

This phase includes developing:
1) Specific descriptions on how to perform each of the performance
tasks.
2) Identification of the resources required to accomplish each of the
performance tasks.
3) Descriptions of the scheduling process for each of the performance
tasks.




Testing Phase:
This phase in which the RCM Program i¢ tested involves:

1)
2)
3)

ldentification of functional reliability factors currently being
roduced by the system and its components.

Bcscripttons of the differences between the actual system
reliabilities and intended reliabilities.

Identification of the Effectiveness Coefficients of the maintenance

program for the system and its comporents.

Evaluatien Phase:

This phase involves:

1)
2)

Identification of the causes for the differences between the actual
system reliabilities and the intended reliabilities.
Descriptions of the changes in the performance of tasks which need
to be made in order to reduce the differences between the & tual
system reliability and the intended reliabilities.
Descriptions of any changes which necd to be made to the system or
the system reliability model in order to make the ideal reliability
aoals more practically achievable.

eview the age related characteristic of all components for wearout,
Review the cost-effectiveness of current maintenance procedures.
Review the maintenance requirements for evolutionary trends.
Review for consistency with the PRA and RAMI programs,



5.0 PROCEDURES AND TECHNICAL SPECIFICATIONS

Imbedded in the System B0+ PRA are requirements dealing with the availability cf
equipment, «nd thelr inspection and maintenance frequencies., The PRA also
contains assumptions about operator actiens during transfents and additionsl
recovery actions that an operator will take after system failures or during an
accident sequence. (he RAP Plan ensures that the besses used in the PRA are
vonsistent with the plant procedures and Technical Specificalions.

.1 Teckaice) Specification

The Plant Technical Specifications (1/5) describes the operating enveiope for the
plant, It specifies what ecuipment must be available and how long the plant can
operate with & piece of safety reloted equipment out of service. Surveillance
requirements and frequencies are also specified. The operating conditions in
terms of temperatures, pressures and fluid levels arve specified in the T/§ to
ensure that they are bound ' by the safety analysis presented in the SAR. The
validity of the PRA is alsu dependent on plant cperating 1imits as specified in
the 1/5. The PRA troug will supply to the procedures group the initial system
descriptions from the PRA for review by the procedures group. All proposed or
actual T/S changes will be transmitted by the procedures group to the PIA group
to be evaluated in the 1iving PRA. The Plant Manager will be notified of any 1/§
changes that adversely ~ffect the plent risk with respect to the safety goals,

If the Utility chooses to use a computerized T/5 monitoring system, the PRA group
i« responsible to maintain the system fault trees used in the nonitorin? system.
This s to ensure that the T/5 models are consistent with the plant configuration
and PkA models.

§.2 Plant Operating Procedures

Cov.. .tency between the Plant Operating Procedures and the PRA will be
maintained, The operatiuns group will be given system descriptions from the PRA
tor their review and comment. Changes in the operating procedures will be
ransmitted to the PRA group to be incorporated in the 1iving PRA. The PRA group
will perform & special review of all shutdown procedures for their effect on
shutdown risk. The Plant Manager will be notified of procedural changes that
adversely effect *he plant risk with respect to the safety goals.

5.3 Emergency Operating Procedures

The E-orgoncy Operatiy  Zrocedures (EOPs) descri’e the operator actions during
sransients and off »n a2l events. It is important that there is consistency
between the PRA and « . fOPs as both evolve during the plant 1ife., The PRA
centains assumptions about operator actions for al)l transients. The procedures
eroup will be given system and transient des.riptions from the PRA for their
review and comment., Th-y will also be given the dominant (must probable)
sequences and equipment failures so that they can ensure that the EOPs reflect
the most probable accident sequences. Changes in the EOPs will be transmitted
to the PRA group to be incorporated in the living PRA. The Plant Manager will



be notifled of EOP changes that adversely effec. the plant risk with respect to
the safety goals.

§.4 Severe Accident Management Procedures

The Severe Accident Management Procedures (SAMPs) are to provide the Plant with
4 framework for evaluating information on severe accidents, and ensure effective
response to credible severe accidents. They will most 1ikely be extensions of
the EOPs and will guide the operator to maintain the safety functions and safety
goals within the context of the EOPs. The SAMPs require the evaluation of
phenomenological behavior of core and structural material beyond design base
conditions. Both equipment and instrument performance in severe environments
must be evaluated for the seiection of strategies to mitigate consequences of the
accident, The Severe Accident Management Procedures (SAMPs) give operators
guidance during events be ‘ond design bases. It {s important that there {3
consistency between the PR/ and the SAMPs as both evolve during the plant 1ife.
The PRA contains assumptiors on operator actions for all transients and include
recovery actions after systems fail and recovery actions during accident
srquences, The proceduras ¢roup will be given system and transient descriptions
and potential recovery actions from the PRA for their review, comment, and
inclusion in the procedures. They will also be given the a description of the
most probable sequences and equipment failures predicted in the PRA so that they
can unsure that the SAMPs reflect the most probable accident .equences. Changes
in the SAMPs will be transmitted to the PRA group to be incorporated in the
1iving PRA. The Plant Manager will be notified of SAMP changes that adversely
effect the plant risk with respect to the rafety goals.

5.5 Security

The PRA identifies the most likely (in terms of frequency) sequences that lead
to core damage and the importance of each s!stom in areventing or mitigating core
damage and large releases. This “road map" is important to plant safety. Plant
Security wili given a summery of the importance of each system in preventing
accidents and the dominant (most Tikely) sequences that accidents might follow.
This informaiion is important to the prevention of sabotage and in emergency
preparedness planning.




6.0 ORGANIZATIONAL AND ADMINISTRATIVE SUPPORT

This section will contain the organization charts for the Utility, plant Staff

and Designers who support the RAP program when such information becomes
available.
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