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I
EXECUTIVE SUMMARY

I
The US Nuclear Regulatory Commission amended the Code of Federal Regulations, on July 10,

1991, by adding a new 650.65 entitled " Requirements for Monitoring the Effectiveness of Maintenance atI Nuclear Power Plants", hereafter refered to as the 550.65 rule or simply as the Rule. This Regulatory

Analysis evaluates the impacts (costs and benefits) which could result if the $50.65 rule were to be

implemented in accordance with two alternative implementation guidance scenarios:

.

Alternative A - No Cuidan;e*

Alternative B - NRC Staff Guidancea

I The basis for the NRC Staff Guidance used in this Regulatory Analysis version is the

August 1992 Draft Regulatory Guide included as Appendix C to this report.

For a licensee to comply with the 950.65 rule, a set of primary tasks were developed which

must be performed, regardless of the implementation alternative. These tasks are summarized in

Table 4-1 and form the backbone of this Regulatory Analyses. A set of questions which a licensee would

generate in reading the 650.65 rule on how to implement each major task was developed and is included

in Appendix B to this report. Scenarios were developed for the implementation of the Rule for each of

the two alternatives analyzed based on how a licensee would answer the set of questions. Table 4-2

provides a summary of the differences between the two altemative implementation scenarios.I Costs for each alternative were developed based on estimates of labor and hardware for each of

the one-time and recurring tasks. For the recurring tasks, the cost were present valued assuming a 20

year remaining average operational lifetime. The cost effects of License Renewal were also estimated

based on a 40 year operation after conformance to the Rule. Benefits were based on estimates of the

_ reduction in core damage frequency attributable to the effectiveness of implementing the tasks for each

of the alternatives.

In developing the "No Guidance" scenario, the licensee is assumed to apply methods and

technologies familiar to their maintenance staff: monitoring and preventive maintenance which

emphasize the immediate condition and performance of a SSC. Additionally, decisions would be based

I-. on deterministic judgement.

The "NRC Cuidance" scenario emphasizes statistical performance, specifically, nbtorically

based reliability and availability of a SSC, not just their immediate values. Under this latter

alternative, the decisions tend to be based on probabilistic analysis rather than deterministic
-

judgments.

I
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I
The incremental cost of implementing Alternative A, the "No Guidance" scenario, on a typical

reactor were estimated,in 1991 dollars, to be between a high of $52.7 million and a low of $205 million

over a 20 year period. These values become $71.6 and $27.6 million for a 40 year period (reflecting the

effects of License Renewal). When the tenefits due to the estimated averted severe core damage are

accounted, the net cost for implementing Alternative A were estinuted to range totween $52.2 and $18.5I million for the 20 year case and $70.6 to $23.5 million for the 40 year case. These minor cost variations

when the benefits are accounted for reflects the small incremental decrease of core damage frequency

(estimated to be between 2 x 10 5 per reactor year and 8 x 10 5 per reactor year) attributable to

implementation of $50.65 pursuant to the "No Guidance" scenario developed for Aiternative A.

Implementation pursuant to Alternative B, the "NRC Staff Guidance" scenario, was estimated

to be between $11.2 and $18.7 milhon dollars more than Alternative A over 20 yem and $11.7 million

ud $21.7 million more than Alternative A over 40 years. The estimated higher effectiveness inI decreasing the core damage frequency (estimated to be betwwn 1 x 104 per reactor year and 3 x 1(P4 per

reactor year) yielded a modest decrease in cost due to estimated averted cost. These more effective

decrease in core damage frequency contributed significantly, however, in the estimated averted dc,se

(both to the public and to the worker). When Alternative B is compared to Alternative A, the

incremental cost for the increase in averted dose is in the order of $2.2 thousand to $5.7 thousand per

person-rem which compares favorably with current industry cost estimates.

There are a number of benefits that are recognized but whose values were not accounted for in

this analysis. These include the maintenance optimization which will occur as a direct consequence of

the evaluation of the plant's overall maintenance program as well as each of the individualI maintenance activities. This evaluation will also probably entail the re-establishement of the

rationale for the selection of each maintenance activity as well as affording an opportunity to evaluate

the effectiveness of the maintenance activity. This optimization could well result in cost savings due to

the deletion of ineffective or unneeded maintenance activities. In addition to cost reduulons due to

maintenance opEmization, no wnsideration was given to the impact of greater availability of a more

reliable plant.

I
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1.0 STATEMINT OF TifE PRO!!LEM

In the Statement of Considerations accompanying the issuance of the 950.63 rule (Ref.1), the

Commission stated that a Regulatory Guide providing an acceptable method for implementing th > 1

I 550.65 rule would be developed.The NRCs RES/DSIR staff was directed by the Commission to develop

a Regulatory Culde to implement the provisions of 550.65. This analysis evaluates the impacts that

could result if the 550.65 rule were to be implemented in accordance with the NRC Draft Regulatory

Guide of August 1992 and compares them with the impacts attributable to a "No Guidance" scenat

1.1 Purpose of a Regulatory Guide for the @50 65 Rule

This regulatory guide describes methods that are acceptable to the NRC staff for implementing

the requirements of a rule. However, regulatory guides are not substitutes for regulations, and

compliance with them is not required. A variety of approaches to goal setting, monitoring, andI preventive maintenance may be used by licenxes.

1.2 Summary of the 550.65 Rule

The 650.65 rule requires the monitoring of the overall continuing effectiveness of licensee
'

maintenance programs. Paragraph (b) of the rule specifies that the scop 2 of the snonitoring program
shall include:

(b)(1) safety-related structures, systems and components (SSCs) that are relied upon to remainI functional during and foliowing design basis events to ensure,
4

the integrity of the reactor coolant pressure boundary,=

the capability to shut down the reactor and maintain it in a safe shutdowna

condition, and

the capability to prevent or mitigate the consequences of accidents that coulda

result in potential off-site exposure comparable to the 10 CFR 100 guidelines;

(b)(2) nonsafety-related SSCsg
E (i) that are relied upon to mitigate accidents or are used in plant emergency

. operating procedures (EOPs),

, (ii) whose failure could prevent safety-related SSCs from fulfilling their safety-
related functions, or

1
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L

(iii) whose failure could cause a reactor scram or actuation cf a safety-related

system.

I
The objective of the final rule is to ensure that

(1) safety-related and certain nonsafety-related SSCs (those covered by (b)(1) and

(b)(2)(1)] are capable of perfomung their safety-related functions;

(2) tailures will not occur which prevent the fulfillment of safety-related functions, and

(3) failures resulting in scran;s and unnecessary actuations of safety-related systems are

minimized.

Two approaches, which are prescribed in paragraphs (a)(1) and 'a)(2) of the rule, are provided

for assuring maintenance effectiveness.

I Paragraph (a)(1) requires that

each licensee monitor the performance or condition of SSCs, against licensee.-

established goals, in a manner sufficient to provide reasonable assurance that such

SSCs are capable of fulfilling their intended functions:

such goals be established commensurate with safety and, where practical, take intoa

account industry-wide operating experience; and

when the performance or condition of a SSC does not meet established goals,*

appropriate corrective actions be taken. eI
Paragraph (a)(2) of the rule states that monitoring as specified in (a)(1) is not required where

it has been demonstrated that the performance or condition of a SSC is being effectively controlled

through the performance of appropriate preventive maintenance, such that the SSC remains capable of

performing its intended function.

Finally, paragraph (a)(3) of the rule requires that

performance and conoition monitoring activities be evaluated at least annually, taking*

I into account, where practical, industry-wi 3.e operating experience,

adjustments be made where necessary to ensure that the objective of preventing failurese

of SSCs through maintenance is appropriately balanced against the objective of

minimizing unavailabihty of SSCs due to monitoring or preventive maintenance, and

I
2

I
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I
in perforndng monitoring and preventive maintenance activities, an assessment of the*

;

total plant equipment that is out of service be taken into account to determine the

overall effect on performance of sakef unctions.f

I
I
I
I
I
I
I
I
I

I
I
I .

I
I
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2.0 OflJECITVES

-

One of the broad objectives of a Regulatory Guide is to provide an acceptable methodology for

implementing a rule. Specifically, a Regulatory Guide should:

(1) Explain the concepts of the ruie;

(2) Provide illustrations;

(3) Provide for consistent implementation;

(4) Provide for consistent audit and inspection; and

(5) Define acceptal-S norms for implementation.

ihe broad objective of a Regulatory Guide for implementing the new $50.65 rule is to describe methodsI for monitoring the continuing effectiveness of licensee maintenance activities to ensure that:

(1) SSCs remain capable of performing their safety related functions,

(2) Assumptions used in safety analyses, where available, continue to be valid;

(3) Failures will not occur that prevent the fulfillment of safety-related functions, or that

cause faults or transients which result in scrams and unnecessary actuations of safety-

related systems;

(4) The reliability benefits gained from performing preventive maintenance is

,g appropriately balanced with the increase in risk derived from removing equipment

N from service to perform preventive maintenance; and

(5) The margins of safety, that exist because of the availability and reliability of

additional components and redundant trains, are not reduced.

-

This Regulatory Analysis provides quantitative estimates of the consequences of performing

the primary tasks or activities called for in the two implementation scenarios. This Regulatory
.

Analysis also evaluates the safety improvements resulting from implementation of the recommenda-

tions.and methods cotlined in each of the two in'plementation scenarios analyzed.

I
I
|I
|I
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*
3.0 RATIONALE FOR CHOICE OF REGULATORY INSTRUMENT

in adopting the regulatory position represented by the rule, the Commission decided that the

j rule would be revoked by a Regulatory Guide. The rationale for that decision is discussed in the

regulatory analysis for the rule (Ref. 2L

I
I

<

I
I
I
B
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I
4.0 ALTERNATIVE APPROACHES FOR IMPLEMENTING THE RULE

This section identifies two major alternative approaches considered for achieving the

objectives of the regulatory guide. The Commission, by adopting the regulatory position represented by

the $50.65 rule, has decided agait such alternatives as taking no action at all, making more effectiveI' use of existing enfercement mechanisms, establishing performance standards, and deregulation. The

rationale for that decision is discussed in the regulatory analysis accompanying P issuance of 550.65

rule (Ref. 2).

This Regulatory Analysis is concerned with evaluating two possible alternative regulatory

approaches that might be taken now that the Commissio has promulgated the maintenance rule:

Alternative A - No Guidance*

Alternative B - NRC Staff Guidance*

I For the purpose of evaluating the consequences of no guidance, this analysis assumes that

licensees will comply with the Rule by applying methods and technologies that are familiar to their

maintenance staffs. That is, monitoring and preventive maintenance will emphasize the immediate

conditions of systems, structures, and components, and decisions will be based on deterministic judgments.

The NRC Draft Regulatory Guide, on the other hand, emphasir.es performance parameters,

such as operational success, even more than condition parameters. It also emphasizes the history of

monitored parameters, not just their immediate values. Consequently, decisions tend to be based on

probabilistic analysis, rather than deterministic judgments.

The NRC Draft Regulatory Guide also emphasizes two other requirements that might beI neglected in the absence of guidance. One is that the monitoring program be predictive, that it include

trending of data to guide preventive maintenance. The second clarification is that the program must

include monitoring the overall effectiveness of maintenance.

4.1 Primary Implementation Tasks

To comply with the maintenance rule, the licensee must perform certain primary tasks,

| regardless of which implementation alternative is used. These primary tasks, shown in Table 4-1, form

the basic structure for this Regulatory Analysis. in addition to these generic steps, there may beI secondary tasks that the licensee decides to add as a result of the evaluations and assessments required

by the Maintenance Rule. Because such tasks are unique to a specific licensee's implementation

approach, they are not addressed in this section.

I
6
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- In the matrix of Table 4-1, the primary tasks are categorized based on when and how often the

tasks are performed (the left column of the table), whether they are plant wide tasks or system-level-

tasks (columns two and three), and whether they are required to comply with Para (a)(1) or (aX2) of

the maintenance rule (columns four and five). It should be noted that the table contains only those

I primary tasks that are common to all three alternatives. Additional primary tasks that apply to some

-of the alternatives are discussed in later sections.

The task timing column in Table 41 is divided into three categories. The first, called One-Time

Startup Tasks, includes those primary tasks that are required for initial implementation of tae

maintenance rule, such as identifying which systems are in or out of the scope of the rule. The second

category is recurring, or periodic, tasks. These are tasks that must be performed initially and then

repeated on a regular but infrequent basis. The third category, continuing tasks, are ongoing tasks that

must be performed routinely and frequently, such as monitoring the performance or condition of in-scope

SSCs.

The column headings of Table 4-1 classify the tasks on another basis. The first two columnI headings categorize the primary tasks according to the level at which they are performed. The plant-

wide tasks are global in nature and are concerned with the macroscopic aspects of the maintenance

monitoring program. The system-lovel tasks are performed at the subordinate structure or component

level for each system. The second two columns divide the tasks based on whether monitoring is required
- | Para. (aXI)] or is not required (Para. (aX2)]. Note that this division applies on both a plant-wide

basis and a system-level basis, so these categories are independent of the classification in the first two

colunms.

The remainder of this section defines, in terms of a scope and a methodology for each task, hotv

a licensee might perform these primary tasks for each of the three alternative approaches toI implementing the maintenance rule. The scope and methodology chosen should be consistent with an

overall approach to implementing the 650.65 rule. However, the choice of overall appmach depends on

how the various portions of the maintenance rule are interpreted. In determining how to interpret the

rule, a prudent licensee might begin by writing down specific questions that arise from reading the rule.

An example of such a list, included as Appendix B to this report, was the starting point for defining a

scope and methodology for each primary task.

I 4.2 Determination of Structures, Systems, and Components in the Scepe of the Maintenance Rule

I As indicated in Table 4-1, the licensee must identify the SSCs that are within the scope of the

maintenance rule. The rule, in paragraph (b), addresses which safety and non-safety related SSCs fall

I
7
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1
Table 4-L Primary Tasks That May Be Added Pursuant to the Maintenance Rule

TASK TIMINC PRIMARYTASKS

Plant-Wide Tasks System IsvelTasks Tasks Required by Para (aX1) Tasks Required by Para (aX2)
[ Applicable to Plant and SSCs] [ Applicable to Plant and 5SCs]

One-Time Startup Identify systems in scope . Identify subordinate e Identify performanceor . Identify performanceore e
Tasks of Maintenance Rule structures and components condition to be monitored condition to be cont oned

Iliequired for which are in score of Para-
initial e For systems out of scope, (bXI) or (bX2Xi)

implementation . identifysubordimte '
e implementenhanced

monitoring
of Maintenance structures arc components Identify subordmatee

Rule] which are in scope of Para- structures armicomponents
(bX2Xii) or fiii) which are in scope of Para.

(bX2Xii) or (bM2Xiii)
Assess safety implicatiom ofe

combinatiom cf equipment identify risk 4ignifrante
out of service components

e Select and document methods
for establishing goais, demon-
straring control, and balancing

| objectives

Identify risk-significantRecurring Tasks Balance unavailability duee Establish / review goals fore o e Demomtrate effective contro'
[ Initially and structures and components . to mainterance monitoring monitored performance or of performance or condition

approximately . and preventive maintenance condition
annually] agairst failure prevention

e Re+ valuate structures and
components in scope of i

cach system

!! maintenance monitoring orContinuing Tasks
' '

Monitor as necesury to meet e Perform prvventive mainte-e e
,

[ Ongoing) - - preventiw maintenance . Para.(a)(1) requirements nance as necessary to meet
takes equipment out of Para. (a)(2) requirements,

^- ,

service, review assement e. When monitoring demon-
(W 4 of safetyimplications strates that goals are not

y being met, evaluate andg"m ,' select conective action
,

*i.s
-

;

|
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within the scope. Paragraph (b)(1) selects those safety related SSCs which are relied on to remain

functional. Paragraph (b)(2) selects those non-safety related ^5Cs. The rule differentiates two classes

of SSCs: (1) those SSCs whose function is IN scope and (2) those SSCs whose failure mode is IN scope

Ipursuant to (b)(2)(ii) and (b)(2)(iii)).

I A logic tree, Figure 4-1, was developed to illustrate how a licensee may determine which SSCs

are within the scope of the rule. First, all plant Structures and Systems would be screened to determine

if their respective funcion is within the scope of the rule. Those Structures and Systems whose function

is not within the scope of the rule are further screened to determine if their failure (components of

systems) would cause them to be within scope. Only after this second screening for failure impact would

the structures and component set not within the purview of the rule be defined. Those Structures and

Systems whose function is in scope would be further screened to determine those components whose

failure mode is within the scope of the rule. As indicated in Figure 4-1, the outcome of the screening

process is three sets of Structures, Systems, and Components:4

I (1) Structures, Systems, and Components wb r function is IN scope

(2) Structures and Components whose failure mode is IN scope,

(3) Structures and Components NOT in scope

4.3 Primary Tasks Under Alteniative A,

This first section covers only Alternative A, which is the case of no additional guidance. Lack

of guidance will lead to greater diversity in the activities performed by the various utilities in

attempting to comply with the rule. For purposes of comparison, Alternative A is represented by oneI particular approach that might be followed by a licensee attempting, without further guidance, to

satisfying the requirements of the rule.

The Alternative A approach might be chosen by a licensee that thinks that the (a)(1) requires
*

goal-setting and monitoring for each sepr ite component unless that component is excluded under (a)(2).

The actions chosen to represent Alternative A are consistent with an approach that emphasizes

demonstrating control by preventive maintennce in order to avoid the requirements of (a)(1).

I The approach summarized here assumes that the licensee plans to demonstrate control of a SSC

by preventive maintenance by showing that the SSC satisfies its current licensing basis. Furthermore,

the licensee plans to show this with normal preventive maintenance, because that should be sufficient

to maintain the current licensing basic. If failures occurred, the licei.see might attempt to demonstrate

control with a higher frequency of preventive maintenance rather than institute monitoring, not

realizing that the NRC staff considers that approach unacceptable.

I
9
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Putther, the licensee in Alternative A is assumed interptet paragraph (a)(.1) as applicable only

to monitoring and preventive nuintenance activities added to satisfy the rule. Thus, (a)(3) is assumal

| not to apply to curveillance or testing that is conducted as part of normal preventive rnalntenance such
*

as are described in document 3 such 65 technical s;wirications or A$ME code rajuirements. Most of the
'

I at least annual evaluation, as well as the necessity to balance availability and reliability are,
therefore, minimirni o* climinatal ir, the Alternative A scenario.

The major c hange in such a heensee $ maintenance program would be an increased attention to

management and performance of preventive maintenance. The licensee would not want errors in

maintenance to cauw 18 to fall to demonstrate control by prever.tive maintenance.

4.3.1 Plant Wide Program Srtup and impletarntation Activitics

I
4.3.1.1 Scope Evaluations

identification of systems wititln the scopertihe_nt]c '

(1) is function rehed upon for safety per (b)(1) or (b)(2)(i)? If yes, system is in Kope.

(2) If function not relied upon for safety, does systern have safety-significant failure

modes per (b)(2)(ii) or (b)(2)(ilD? If yes, systern is in t. cope.

liny 11cmLnit1_cLacupeddentifA11tbordiruildinlcittteind rempeuenb_1halattinJTpc31 Paro.

(b)f2RdLor (b)(2)(lii)

Scogr: All structures and components of out-of wope plant system >I Method: Partial failure mode effects analysh. to determine whether any tallure made is

significant per (b)(2)(ii) or (b)(2)(lii). If so, the structure or compt.nent is in scope becaus *

those failure modes.

4.3.t.2 Assessment of Combinations ofli "lpment Out of Servicel

Scope: Major possible combinations of equipment out of service.

Method: Technical specifications identify combinations already accepted as safe under current

licensing basis after applying deterministic judgments. Where technical specifications doI not provide guidanec, such as for certain non-safety related equipment or for certam off-

power rnodes, supplemem technical specifications by making deterministic judgments.

I .
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4.3.1.3 Select and Document Afethods los I:stabil6hing Goals, Demonstrating Control and llalancing
Objectives

I
Sco}v: One ivr plant

Method-I i

(1) No goal setting; methods required. The gerformance or condition of all SSCs is !
i

effectively controlksi per (a)(2). '

(2) For dernonstrating control, find a testimot methtal for pro)ceting measurements

forward hi time and for estabhshing confidence intervals on those projections.

(3) Ibew, ent argument that current licensing basis balances objectives.

I
4.3.1.4 Iden ification of Itisk Significant Structures, Systems and Componentss

I Scoje: Not requirni. All r.tructures and components are controlled per (a)(2).

4.3.2 System Level Setup and Implementation Activities

Idtn11(y.111Dftlur11mdremismerits inimpe.0LM(1) et (b)W10

ScoIw: All structures arwi mmponents in system

I Is f unction rehnt upon for r.ystem function? If yes, structure or component is in scope becauseMethod:

of its function.

IdentHyattutlures ano cumismentsJn2cepe of (b)(2)(ilterAX2XiiD

Scorv: All structures and components in system that are not in sco;v locause of their function

Method: In this t.cenario a partial failure mode effects analysis is done to determine whether any

failure mode is safety significant per (b)(2)(ll) or (b)(2)(iii). If so, structure or wmponent is

in scope because of those failure moch s.

4.3.3 Startup fasks l'ursuant to (a)(1)

jdentify.pttfeImance or conditions to tv monitoredI Scope; Not required. The performance or condition of all SSCs is effectively controlled per (a)(M,

|
Implemtaltnb icedJnonitorijg

| Scope: Not required. The performance or condition of all SSCs is effectively controlled wr (a)(2).t
!

.
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4.3.4 Startup Tasks. Pursuant to (a)(2)

jdentJy performance or condition to be controlled

Scope: All SSCs in the scope of the rule
i Method: Por each performance or condition rneasurement required by the current licensing basis,

determir* control limits on perfortnance oc condition that are no worse than expected

between measurements under the current licensing basir.,

4.3.5 Plant Wide Hecurring Activities

identify risk-sh;nificant FinKhmiand.cnmponents

Scope: Not required. All structures and components are controlled per (a)(2).

I 4.3,6 System Level Recurring Activilles

4.3.6.1 Italance l'navailability Due to Monitoring and Preventive Maintenance Against Failure
Prevention

I
Scope: Not required. This provision is assumed to apply only to activities pursuant to (a)(1) or

I (a)(2).1lowever, there are no activities pursuant to (a)(1), and thuse pursuant to (a)C) are

the minimum required under the current licensing basis.

4.3.6.2 Reassessment of SCs in the Scope of Each System

This is a repeat of the activities in Section 4.3.2.

4.3.7 Recur ring Tasks Pursuant to (a)(2)

I?staNish gs]p

Scope: Not requirM. The performance or ccmdition of all SSCs is effectively amtrolled per (a)(2).

4.3.8 Recurring Tasks Pursuant to (a)(2)

Demorstrate FRective Control of Performanee or Condition Per (a)R)

Scope: Every controlled performance and condition of SSCs in the scope of the rule.

13
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I
Method:

(1) Apply standard method to projxt nwasurement forward in time.

(2) Apply standard method to determine confidence limits on projection. !

(3) Are the confidence limits on the projection within the control limits for the

'I performanm or condition through at least one preventive snaintenance interval? If

yes, demonstration is mmplete.

(4) If demonstration is not complete, perform corrective maintenance on the SSC to
j

improve the performance or condition. l<epeat mersurement to be sure that the |
current performance or condition is within the controllimits. Adjust projection and

confidence limits to stari from new measurement with old trend.

($) Are the new confidence limits on the projection within the control limits? If yes,

dernonstration is complete.

if demonstration still is not complete, replace the component, perform additionalsto

corrective maintenance, or seduce the preventive maintenance interval untilI confidence limits on the projection are within the control limits for at least one

preventive maintenance interval.

4.3.9 Continuing Tasks All Systems in Scope

I
If monitoring or PM takes egtpment out of service, consider aswssmenti

Scope: All PM pursuant to (a)(2) that takes equipment out of service.

Method: Check restrictions in technical specifications, as supplemented by the activities described

in Section 4.3.1.2, before taking equipment out of service.I
4.3.10 Continuing Tasks Pursuant to (a)(1)

Monitoringjidded pursuant to (aX1)

Scope: Not required. The performance or condition of all SSCs is effectively mntrolled per (a)(2).

When coals not met. select corrective acMen

Scope: Not required. The performance or condition of all SSCs is elfectively controlled per (a)(2).

4.3.11 Continuing Tasks Pursuant to (a)(2)

Enhanced Preventive Maintenance and Corrective Actions

Scope: All SSCs in the scope of the rule

14
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I
i

Method: If the PM interval has lven reduced in order to demonstrate control twtween intervals, then j

the additional PM is being performed pursuant to (a)(2). I

I !
4.4 Palmary Tasks Under Alternative il '

This section presents the primary task scopes and methodologies for A!ternative P, which

emphasizes statistical analysis of performance, particularly actually experienced reliability and

availability, and the use of probabilistic analyses. This aPernative includes monitoring of overall

effectiveness of maintenance at the plant level and system level by periodically updating the PRA.

Otherwise, most monitoring is performed at the system or train functional level; monitoring at the

structure or component level need only be performed for ick significant structures and components.

Therefore, there is no incentive for the licensee to exclude SSCs under paragraph (a)(2) of the rule.

Monitoring under alternative 11 includes all immediate conditions and statistical performances

that are applicable, including monitoring for predictive maintenance. All structures and componentsI that are not risk significant are excluded from monitoring by controlling the measurable condition and

Ivrformance parameters that form the current licensing basis.

Where a system, train, or risk-significant component or structure is requimi to be so reliable

that it would take too long to gather significant statistics, Alternative il assumes that the licensee

monitors the same measurable condition and performance parame.ers that form the current licensing

basis.1:urther, paragraph (a)(3) is interpreted as applying to all monhoring and preventive

maintenance activities performed on SSCs defined in paragraph (b), regardless of whether they are

performed pursuatit to (a)(1) or (a)(2).

4.4.1 Plant Wide Program Setup and Implementation Activities

4.4.1.1 Scope Evaluations

| Identdy.mtems in scene of rule

Scope: All plant systems

Method:

(1) is function relied upon for saf ety per (b)(1) or (b)(2)(i)? If yes, system is in scope.

(2) If function not relied upon for sah'ty, does system have safety-si;;nificant failure

modes per (b)(2)(ii) or (b)(2)(iii)? If yes, system is in scope.

I
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I
for svittma..tmLebcepe. Identify subordinAluttuttuIes and components that are in semw of Para

ihh2)HlLDt_1hh2XW)

Scope: All structures and mmponents of out-of smpe plant systems

Method. Partial failure nmde effects analyn,is to determine whether any failure mode is safety-

I r.ignificant per (b)(2)(ii) or (b)(2)(lii). If so, the structure of compment is in scope because of

those failure modes.

4.4.1.2 Assessment of Comt Inations of Fquipment Out of Service

Scope: All p ant st tes, many possible combinations of equipment out of service.

Method:

(1) R*vluantify PRA for many combinations of equipment out of wrvice.

(2) Determine acceptable duration for each combination.

(3) For off power modes, supplement technical specifications by making deterministicI jud;;ments.

(4) Prepare snaintenance instructions for determining when monitoring or PM can be

performed.

4.4.1.3 Select and Document Methods for listablishing Goals, Demonstrating Control and Italancing
Objectives

I Scope: One per plant

Method:

(1) Participate in industry studies of industry experience with programmatic
effectiveness indicators and their correlations with plant performance.

(2) Develop and document procedure for determining number of tests required La reject

hypothesis that actual unreliability is less than one error factor above target

unreliability, if actual unreliability is n error factors above target unreliability,
(3) Develop and document procedure for determining length of time required to reject

i

hypothesis that actual unplanned unavailability is less than one error factor above
| target unplanned unavailability, if actual unplanned unavailability is n error

factors above target unplanned unavailability.

| (4) Select standard methods for projecting measurements forward in tirne and for
u

.
'

I
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I
(5) Seled and document methods for:

(a) modeling the age. dependence of unreliability and unplanned
unavailability without corrective action,

(b) modeling the effect of a monitoring activity and its a5r.ociated corrective

action on the age-dependence of unreliability and unplanned
unavailability, and

(c) balancing the bent. fits of the monitoring activity against theI unavailability due to the monitorirg activity.

4.4.1.4 Identification of 1(Isk Significant SSC

Scope: One per plant

Method:

(1) Update and enhance PRA.

(2) Calculate core damage frequency and reliability or unplanned unavailability of
each system and train.

(3) Perform sensitivity or im;mrtance analysis on updated PRA to identify structures,

and components with significant failure modes.

4.4.2 System Level Setup and Implementation Activities

I hientify simclures and comIM)ruliitugy of (b)(1) or (b)RJff)

Scope: All structures and components in system

Method: Is function relied upon for system function? If yes, structure or mmponent is in scope because

of its function.

I
ldentifyutactures and ermpments in scope of (b)C](ll) or (idR)Ml)

- Scope; All structures and components in system that are not in sco;v because of their function

Method: Perform partial failure mode effects analysis to determine whethen any failure mode is

I safety significant per (b)(2)(ii) or (b)(2)(lii). If so, structure or component is in scope because

of those failure modes.

I
I
I
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I
4.4.3 Startup Tasks Pursuant to (a)(1)

4.4.3.1 Identification of Performance of Condition Parameters to Monitor

Scope: The plant and all systems in scope of rule and any risk-significant structures andI ann;unents.

(1) If SSC is in scope i ecause of its function, identify range of industry experience for

SSC functional unreliability and/or unplanned unavailability.

(2) If structure or component is in scope locause of failure mode (s), identify range of

industry experience for uareliability with resivet to failure mode (s).

(3) Determine number of tests or time required to reject hypothes.tri that actual

unreliability and/or unplanned unavailability is less than one error factor alvvc

I target unreliability and/or unplanned unavailability, if actual unreliability

and/or unplanned unavailability is a few crior factors above target unreliability

and/or unplanned unavailability. If required numler of tests can be ex;rcted to occur

in a few years or required time is less than a few years, identify the unreliability

and/or unplanned unavailability as a performance to snonitor.

(4) Identify important degradation mode (s). Identify performance or condition

parameters that measure such degradation (s).

(5) for plant, select

(a) 1.mgrammatic per formance indicators bas d on incustry s.tudies,

(b) calculated core damage frequency according tt updated PRA, -I (c) experienced availability of full margin of safety (fraction of time at
a

normal power that all safety-related systems and trains are available),

(d) experienced frequency of SCRAMS or trips, and

(e) experienced plant risk due to initiating events (calculated contribution to

core damage probability from experienced initiating events).

(6) For a system or train, select calculated unreliability of unplann d unavailability

I according to updated PRA.

(7) Set up record Leeping system.

I 4.4.3.2 Implement lidianced Monitoring

Sco;v: All identified degradation-measuring parameters of systems and risi-si};nificant structures

and cornponents within the scope of the rule.

I
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Method:

(1) l<lentify degradation mitigation activity or activities that could be initiated by

monitoring the parameters.

(2) For each candidate mitigation activity, estimate the degree of renewal that could

I be achieved, taking into consideration the relative importance of the degradation

mode and the effectiveness of the mitigation activity. Select the most cost-

effective mitigation activity.

(3) Estimate the frequency with which the parameter, if perfectly monitored, would

indicate the need for degradation mitigation.

(4) Identify method (s) for monitoring the parameter.

(5) For each candidate monitoring method, estimate the mean renewal rate, taking

into consideration the monitoring interval, the probability that any parameter

would indicate the need for mitigation, the probability that a parameter that

I would indicate the need is included in the sample, the probability that the method

would detect the need ;;iven that a sampled parameter indicated the need, and the

effectiveness of the selected mitigation activity. Choost. the most cost effective

monitoring method.

(6) Perform cost / benefit analysis of potential monitoring enhancement. Implement the

enhancement if cost / benefit ratio is favorable.

4.4.4 Startup Tasks Pursuant to (a)(2)

Identi_ficaOn of Perfsnance or Condition Parameters to Contre]
Scope: Structures and components in the scope of the rule that are not risk significant.

Method: For each performance or condition measurement required by the current licensing basis,

determine control limits on performance or condition that are no worse than expected

between measurerwnts under the current licensing basis.

I
4.4.5 Plant Wide Recurring Activities

I
Uodate the Identification of Risk-Sicnificant Structures and Com!wnents
Scope: One per planti Method:

(1) Update and enhance PRA.

(2) Calutate care damage frequency and reliability or unplanned unavailability of
each system and train.

I
19

I
_ _ _ .



(3) Calculate contribution to core damage probability from initiatin;; events
ex[erienced during most recent period.

(4) Perform sensitivity or im;mrtance analysis on updated PRA to identify structures

and components with significant failure modes.

I 4.4.6 Recurring Activities All Systems in Scope

4.4.6.1 llalance Unavailability Due to hionitoring and Preventive Maintenance Against Failure
Prevention

I
Scope: Monitoring and preventive maintenance activities that take systems of components out of

Method:

(1)I Me, Jet the (ge-dependence of unte'iability and unplanned unavailability without

any corrective action.

(2) Model the effect of the activity and any associated corrective action on il=.e age-

dependence of unreliability and unplanned unavailability.
(3) Apply the method developed by the activities described in Section 4.4.1.3 to

balance the benents of the activity against the unavailability due to the activity.

4.4.6.2 Iteassessment of SCs in the Scope of ILich System

This is a repeat of the activities in Section 4.4.2

4.4.7 Itecurring Tasks Pursuant to (a)(1)

Beview Coals fer Monitored Condition or Performance

| Scope: The plant and all systems in scope of rule and any risk significant btructures and

j mmponents.

! Method:
1

(1) If experienced unreliability or unplanned unavailability has been identified as a

performance to monitor,

(a) Establish target value and error factor that are at least as good as assumed
,

in PRA and are challenging, taking into consideration industry wide data.

(b) Determine number of tests or length of time required to reject hypothesis

that actual value is less than one error factor too high, if actual value is

LI
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I
three error factors too high. Establish long-term goal for failures in that

many tests, or unavailability in that length of time, that is two error

factors above desired failure rate.

(c) Determine number of consecMve failures or minimum down time required to

I demonstrate that desired failure rate is not met. Establish early warning

goal for that many failures in a number of tests, or that unavailability in a

length of time, such that the early warning goal would usually be achieved

if the actual unreliability or unplanned unavailability is equal to the
target value.

(2) If calculated risk, unreliability, or unplanned unavailability has been identified
t- for monitoring, establish a goal that is at least consistent with the value

calculated by the updated PRA and is challenging, taking into consideration

industry and plant experience and NRC goals.

I If immediate performance and condition have been identified for monitoring,(3)

establish goals that are no worse than required under the current licensing basis and

provide reasonable assurance, based on industry and plant experience, that the S$C

is capable of fulfilling its intended function.

(4) For each programmatic effectiveness indicator that has been identified for

monitoring, establish goals that are challenging, based on industry and plant -
experience.

(5) For experienced availability of full margin of safety, expenenced frequency of

SCRAMS or trips, or experienced plant risk due to initiating events, establish goals

that are at least consistent with assumptions in the updated PRA and areI challenging, based on industry and plant experience.

4.4.8 Periodic Tasks Pursuant to (a)(2)

Demonstrate Fffective Control of Performance or Condition Per (aM2)

Scope: Structures and components in the scope of the rule that are not risk-significant.

I Method:

(1) Apply standard method to project measurement forward in time.

(2) Apply standard method to determine confidence limits on projection.

(3) Are the confidence limits on the projection within the control limits for the

performance or condition through at least one preventive maintenance interval? If

yes, demonstration is complete.

I
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I
(4) If demonstration is not complete, perform corrective maintenance on the SSC to

improve the performance or condition. Repeat measurement to be sure that the

current performance or condition is within the control limits. Adjust projection and

confidence limits to stari from new measurement with old trend.

I Are the new confidence limits on the projection within the control limits? If yes,(5)

demonstration is complete. >

(6) If demonstration still is not complete, replace the component, perform additional

corrective maintenance, or reduce the preventive maintenance interval until

confidence limits on the projection are within the control limits for at least one

preventive maintenance interval.

4.4.9 Continuing Tasks . All Systems in Scope

If monitorine or PM tic.tqujpnvent out of rervim. consider assesment

i Scope: All monitoring and preventive maintenance activities that take out of service any SSC tivv

is in the scope of the rule, regardless of whether the activity is performed pursuant to
(a)(1) or (a)(2).

Method: Check maintenanm instructions before taking equipment out of service.

I
4.4.10 Continuing Tasks Pursuant to (a)(1)

I 4.4.10.1 Monitoring Added Pursuant to (a)(1)
.

Scope: The plant and all systems in scope of rule and any risk-significant structures and components
Method: If the monitored parameter is unreliability or unplanned unavailability, the only added

activity is recording the history and comparison with goals. If immediate performance or

condition is being monitored, the frequency is detennined by the current licensing basis, and

the only added activity is recording the measurements. Programmatic effectiveness

indicators usually only require the recording of events. Monitoring calculated risk,,

reliability, or unplanned unavailability requires no ongoing activity.

I 4.4.10.2 Corrective Action When Goal Not Met|I
1

1 Scope: The plant and all systems in scope of rule and all risk-significant structures and components.

Method:

| (1) Perfonn root cause analysis of maintenance program failure.

I
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I
(2) Identify potential corrective actions, including adding or revising procedures,

revising training, or revising quality control, or increasing maximum failure rate

and adjusting goals to match. (Correction of a previously undiscovered degradation

might not be adequate if future such degradations would remain undiscovered.)

I Perform cost / benefit analysis of potential corrective actions. Sel< , optimum action.(3)

(New tasks resulting from correttive action are secondary tasks, not primary tasks.)

4.4.11 Continuing Tasks Pursuant to (a)(2)

l'erform PM oursuant to (aK2)

Scope: All structures and compc,nents that are not risk-significant

Method: If the PM interval ha been reduced in order to demonstrate control between intervals, then

the additional PM is being performed pursuant to (a)(2).

I 4.5 Differences Among Alternative Regulatory Position

Table 4 2 provides a summary of the differences in guidance for the two alternatives

considered. Each line presents a supposition about how a licensee should act to satisfy the requirements

of the rule. Foi cach of the two alternathe guidance, the table shows which suppositions are included

as suggestions in the guidance (or in the case of Alternative A, assumed by the licensee).

Table 4 2 does not show tasks, only suppositions. For instance, Alternative A includes the

assumption by the licensee that monitoring pursuant to (a)(1)is applicable to Ji comnonents in the

scope of the rule, unless excluded under (aX2). Partly h cause of this assumption, which the NRC staffI considers unnecessary, the implementation under Alternative A has no tasks associated with (a)(1);

instead, the licensee is motivated to demanstrate control pursuant to (a)(2) for all components.

I
I
I
I

' I
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I
Table 4 2

Differences Among Alternative Gulciances

I A !!

Draft NRC Staff
No Guidance Guldance

MONITORING AGAINNT GOALS PER laH1)I I'IA.plJajanJtitIJ
Licenwe should monitor programmatic maintenance effativeness no mention includni
indicators.

I Licensee should monitor calculatal risk (cdf) per updated PRA. no mention included
Licenur should monitor availability statistics for each safety relatM no mention included
system and train.

Ltcensee should monitor SCRAM or ttip statistics against goals that no mention includedI are consistent with PRA assumptions.
Licenue should calculate increase in cdf that results from no mention includni
experienced initiating events.

I -py[lerti andltain_P11amt1cip
Licenwr should calculate reliability per updated PRA. no mention included
Licenwe should monitor statistics on unreliability and unplannni no mention includedI unavailability against goals consistent with PRA anumptions.

_

Licenwe should monitor immediate performance o: condition included included
against corrective maintenance criteria.

I ..

-

Siniclyf tLindjDMtchjMalc2 LfM}yM$p,ynd tLIAl(21]
Licenue should monitor ttworetically nsk-significant structuret included included
Licenne should monitor structures that are not risk significant but included includedI have critical failure modes.
Licenwe should momtor structures that have neither significant nsk included includts
nor critical failure modes but could degrade unacceptativ or fail.

I Licensee should monitor structures that could neither de);rade included no rnention
unacceptably nor fail but are within the scog of the rule.

?tENGL4Lt-fatAmstersI Licenwe should monitor immediate structure conditions against included includni
critena for corrective act.on
Licenste should estrapolate structure condition trends for one no rnention includedI monitoringeriod and compare against criteria for corrective action.
Licenue should monitor thtoreticall{nsk si nthcant components. included includedf
Licensee should monitor components that are not risk-stgnincant but included includni
have critical failure modctI Licensiv should monitor cornponers that have neither sigmhcant included includni
riA nor cntical failure modes, but have causui SCR AMS or
transients.

I
I
I
I
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I
Table 4 2 fContinued)

Differences Among Alternative Guidances

I A ti
Drafi NRC Staff

No Guldance Guldance
MONITORING AGAINST GOALS ITH (aH11 (ennt.)I connn ente =tdionitattunt en-q&d c Lun dent timi
Licenue should monitor theoretically risk significant components. included included
Licensee should monitor compments that are not risk significant but included includNI have critical failure modes.
Licenuv should monitor components that L. ave neither significant included included
risk nor critical failure modes, but have cauud SCRAMS or
transients.I Licenur should monitor components that have neither signihcant included included
risk, critical failure modes, nor history of causing SCRAMS or
transients, but have caused a system goal to be misud

I Licensee should monitor compments that have neither significant included no mention
rist, critical failure modes, nor history of causing SCRAMS or
transients, nor have cauwd a system goal to be missed, but are within
the scope of the rule.I
CompqnenLParameters
Licensw should monitor statistics on unreliability and unplanned no rnention included

I unavailability against goals consistent with PRA assumptions.
Licenue should monttor immediate compment performance or included included
condition against corrective maintenance criteria.
Licensee should extrapolate component performance or cont.ition no mention includedI trends for one monitonng period and cornpare against criteria for
corrective action.

I CORRiCTIVE ACTION PER (a)(H WilEN GOAL 5 NOT MET
Licensee should perform appropriate correttive mamtenance on SSC. included included
Licenur should conduct root cause analysis of maintenance program no mention included
f ailu re.

I Licenue should perform cost /beneht analysis of pott.itial corrntions no mention included
to maintenance program.
DEMONSTRATING CONTROL PER (a)(2)

I Licenwu should document statistics on untchabihty and unplanned no mentiors included
unavailabihty to demonstrate contrul of a SSC by preventive
maintenance,

Licenuv should document most recent performance or condition to no mention includedI demonstrate control of a SSC bygreventive maintenance.
Licensee should document trend of immWiate performance or included included
condition to demonstrate control of a SSC by preventive maintenance.

I
I
I
I
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I
Table 4 2 (Continued)

Differences Among Alternative Guidances

I A h
Draft NRC Staff

No Guidance Guidance
Di MONSTRATING CONTROL PER (aH2) (Cont.)

..

"

I The occurrence of a maintenance preventable f ailure negates any no mention included
prior demonstration of control of a risk-significant SSC by preventive
mal..tenance.

I The occurrence of a maintenance-preventable failure negates any no mention ne mention
prior demonstration of control by preventive maintenance, even if the
SSC is not risk-significant.

PERIODIC !! VALUATION PER (sH3) a
The licensw sh;uld up.iate all demonstrations of control per (a)(2). included included

-

The licensee should perform root cause analysis of any failure to included included
. contrul per (a)(2).

Up The licent.ee should perform corrective maintenance or enhance included included
preventive maintenance as necessary to assure control vr (a)(2).I
The licensee should compare latest monitonng resul9 with goals. no mention includ n.1I The licensee should evaluate overall effectiveness of maintenance. no mentk.n included
The licensee should conduct tuot cause analysis of any mainter.ance no mention included
program inef fectiveness.

I lhe licensw should perform cost / benefit analysis of any potential no mention included
maintenance program modification.
The licensee should update the f ull-power Level | PRA and all no mention included
associated goals.

_I The licensee should model effats on oovipment rehabiHiet of all no mention ir cluded
monitoring and preventive maintenance activities that take in-scope
SSCs out of service, should balanm availabilities & reliabihties, and

,

I should evaluate costs and benefits of profo<.ed ad ustmentsl
ASSESSMI'.NT OF EQUIPh" NT OUT OF SERVICE
The licensw should develop i R As for off-power modes. no mention no mention
The hcensee should assess combinctions of systems out of service no mention included -i using normal-power PR A.

~

The licesee should use deterministic judgment of combinations of included no mention,

systems out of ser" ice as reflected in the intent of the tkhnical
g specifications.
3 The licensee should use determit.istic tudgment to extend the intent included included

of the technica@ecifications to off power modes.
~

The licensee should take the assessment into account in performing included includedI ' activities puauant to (a)(1) and (a)(2) that take equipment out of
service.

The licensee should taAe thc assessment into account in performing no mercion included
4g ait monitoring and preventive maintenance activities on SSCs in the
3 scope of the rule that take equipment out of service, even if the

activities are not pursuant to ga)(1) or (a)C). |' e sur- 1

:I

I
I
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I
50 CONSEQUENCES OF TiiE TWO ALTERNAT1VES

Each of the two alternatives for implementing the maintenance rule will result in specific

consequences and benehts for licensees and the NRC. ne direct consequences will be in the form of cost

impacts and increases in occupational radiation exposure. Expected benefits include averted costsI associated with cleanup and power replacement following a core damage event, as well as averted

public occupational radiation exposure. This section addresses the anticipated consequences and

benefits for implementing the gu; dance to the maintenance rule for each of the two alternatives. The

information usal to detennine the consequences was based on NRC technical reports, I AE A publications,

and discussions with NRC staff and industry lwrsonnel with maintenance experience. As explained in

Section 4, the alternatives selected for this Regulatory Analysis are:

I Alternative A No Guidancee

s
Alternative 11 - NRC Staff Guidance+

I
The direct consequences to licensees (costs and occupational radiation exposure) for alternatives

p
A and li are discussni in Section 5.1, Within this section, the consequence discussions are organized

based on (1) actions that are expected to take place pnor to full implementation of the maintenance rule

and (2) actions that recur periodically throughout the life of a nuclear plant after implementation of

the rule. Section 5.2 presents simi!ar discussions of NRC direct consequences (costs). Ilenefits associated

with the alternative regulatory guide positions are presented in Section 53. In Section 5.4, the oserall

consequences and benehts are sumnurized and presented as comparisons among the abernati"es.

Table 4-1 indicated the generic steps or primary iasks that a licensee would be expected to _I undertake to comply with the maintenance rule, regardless of the specific guidance provided for such

compliance. Some of these tasks are plant-wide in nature in that the steps or processes involved c n be

done at the plant level and need not be repeated separately for each system, structure, or component

(SSC) in the plant suNect to the maintenance rule. Plant-wide activities might include risk

assessments, general methodology development and/or tailoring of such methodology for use at a

panicular plant, and documentation of rationale, approaches, and bases. Other activities performed to

comply with the maintenance rule guidance will be performed at the SSC level.

In assessing consequences, this evaluation attempted to estabbsh a probable course of action by

a typical licensee, and by the NRC, in applying the Maintenance Rule to a particular plant. Tbis effortI endeavored to identify the likely types of actions and when they might occur. For each activity,

estimates were made of the type and quantity of incremental resources required to accomplish the

activity objectives. This included labor efforts reqmred to perform additional inspections, tests, and

maintenance; labor and capital costs needed to accompli h any required physical modifications such as

I
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I
the addition of enlunced monitoring systems; and enginecting and analytical efforts nmled to set up

programs and provide periodic c*.aluations. Only incremental effects were accounted for; that 15, only

actions over and above those currently practiced by licenwes (or the NRC) and which are amicipated
,

to be performed in response to the nuintenance rule guidance, were taken into account.

I 5.1 1lcertsee Direct Consequenws

The following discussions present the results of the direct consequence assessments for

Alternatives A and It Whether a consequence is plant wide in nature or is specific to particular SSCs is

noted in the discussions. The organization of the following discussions closely parallels that of
Section 4.

I 5.1.1 Alf crnatlyd Direct Conscquences

I 5.1.1.1 Plant Wide Propam Setup and Implementation Activities

5.1.1.1.1 Scope IIvaluations

identification of systems within thtfcope of the ruk

A practical early step in a licenwe's program to respond to the maintenance rule requirements is

the performance of a scope evaluation to determine which plant systems fall within the scope of the

rule. This activity would include a review of all major plant systems, structures and components. Initial

focus would ,robably be at the system level. Those systems identified as tving within the scope of

Section 50.65(b)(1) and (b)(2)(i) of the rule by virtue of their safety-related functions would be flagged

for further detailed assessments. This system identification / classification activity is estimated to be

reasonably modest, and could reasonably be accomplished with an effort of about one to two person-

months. This estimate includes documentation of the results and conclusions.

All nonsafety-related systems would be screened for consideration of Sections 50.65(b)(2)(li)

and (iii); i.e., nonsafety SSCs whose failure could prevent safety related SSCs from fulfilling their

I safety related functions or that could cause a reactor scram or actuation of a safety related system.

liere the anticipated effort is greater than that required for the overall system screening since all SSCs

which can possibly adversely affect the performance of safety related systems must be identified byI careful review.

I
I
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For systems out o[yooe. identifv subordinate structures and comtmnents that are in.icone of Farpgtaphs

(bM2Xil) and (b)f2 LWD

The components and structures of a system may be within the scope of the rule even though the

system is not itself in scope. This is possible under the provisions of (bX2Xil) and (b)(2)(lii). That is, a

I component may fall in a way tha; does not affect its own system but does prevent a safety-related

system from performing its function or does cause a reactor scram. Such events will typically be in

electrical systems and may beome more important in advanwd instrumentation and control systems. A ;

failure modes and effects analysis (FMEA), or other equivalent method, would have to be used for all

affected SSCs to identify critical failure modes. The results would also have to be thoroughly

documented. The required efbrt for this element of the plant wide scoping activity is estimated to

req aire between one and two person-weeks of engineering staff time per system. Assuming there are on

the order of forty systems subject to this effort, the total associated effort is estimated to be bctween ten

and twenty person months for the FMEA-related scope activities. I

I The evaluation of the plant SSCs included within the scope of the maintenance rule is expected

to require about the sarne level of effort, regardless of which regulatory guide alternative is pursued,

5.1.1.1.2 Assessment of Combinations of Equipment Out of Service

Section 50.65(aX3) of the rule recommends that licensees perform an assessment of the overall

effect on the performance of safety functions of the total plant equip.ient that is out of service due to

preventive maintenance and monitoring activities. Alternative A, by providing no additional guidance,

should lead to wide variations in the interpretation and implementation of this recommendation.

Licensees may argue that such an assessment has already been performed in the development of theI plant Technical Specifications, the Final Safety Analysis Report (FSAR), and other design

documentation. The Tech Specs deal primarily with power operation and do not explicitly or

comprehensively treat all stages of plant operation such as low power and off power, nor do they deal

with all combinations of equipment and systems out of service. Therefore, some effort would be required

by licensees to perform at least a deterministic assessment of all plant equipment out of service, and

most combinations thereof, not specifically addressed by the Tech Specs or other plant documentation.

This evaluation is estimated to require three to four person-months of effort to complete, including
development of the supporting documentation.

I
I
I
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5.1.1.1.3 Select and Document Methods for Establishing Goals, Demonstrating Control and

Ilidancing Objectives

I
Section 5045(a)(2) of the maintenance rule provides relief from the monitoring requirements of

I paragraph (a)(1) where it has been demonstrated that the performance or condition of a SSC is being

effectiveh controlled through the performance of effective preventive nuintenance such that the SSC

remains capable of performing its intended function. Under Alternative A, most licensees are expected

to adopt the provisions of paragraph (a)(2) as much as possible. This approach rernov.a the need for

estabilshing goals. One way that the required demonstration of preventive maintenance program

effectiveness can be accomplished is through an evaluation of conditions and performance for SSCs of

interest. Selected parameters must be assessed against appropriate standards or criteria :cgarding

acceptable vs. not acceptable levels of performance and conditions. Acceptable conditions or

performance levels could be established from the plant Tech Specs, FSAR, and other design

documentation. A relevant plant wide activity, therefore, would be to collect and organize liceru.ingI basis information such that it is in a form most useful to licensee personnel addressing this element of

the maintenanw rule. This ef| ort would also document the basis and rationale being used to justify the

widespread use of paragraph (a)(2). For example, this plant-wide effort could cite the plant

nuintenance program adherence to appropriate ANSI Standards and pertinent sections of the ASME

O&M Code.

Demonstration of the effectiveness of maintenance, as noted above, can be made by reviewing

prevmus performance and condition data, and comparing this information against acceptance standards

and criteria. The provisions of paragraph (a)(2) might lead to the conclusion by licensees that forward

trending of condition and determinist.c performance data should also be accomplished to beiter assureI that preventive maintenance activities are performed on a schedule consistent with assured-

effectiveness. Part of the plant wide effort, therefore, could be the establishment of general trending

analysis tools, along with the documentation explaining their application and use at the SSC level.

The plant wide efferi required to collect and organize the licensing basis infornution, document

the rationale and guidelines for the use of paragraph (a)(2) of the rule, and set up the
recordkeeping/ data colketion system and trending analysis tools is estimated to require about three to

I four person months to accomplish. This level of effort assumes that the plant licensing basis
information is readily available.

Under Alternative A, licensees are expected to ar;;ue that the current licensing basis balances

objectives regarding balancing downtime against availability of safety related SSCs. Therefore, no

additional effort is foreseen relative to balancing objectives.

I
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5.1.1.1.4 Identification of Risk Significant Structures, Systems and Components

Under the Alternative A approach, no additional activity is arificipated to identify risk-

significant SSCs treause such identification is not relevant to this appioa:h.

I 5.1.1.2 System. Level Setup and implementation Activities

SSC Categorization

a) Identification of structures and wmponents in the scope of (b)(1) or f.b)(20.

For those systents within the scope of the rnaintenance rule, the licenace trust perform

an evaluation of which structures and components within the system are al!.o in scope.

This activity entails an aroessment of whether the structure or component ti.netion is

I relied on for the system to perform its function. If so, that SC is in the scope of the nile,

b) Identify strutures and components in the scope of (b)(2)(ll) or (b)(2)(lli).

Some SCs will be found to be out of scope by virtue of their function. However, these SCs

must be evaluated according to the provisions of paragraphs (b)'2)(ii) and (b)(2)(iii) of

the rule. This activity could be accomplished by performing a partial failure mode

effects analysis for each affected SC to determine whether any failure mode
corresponds to the criterion (b)(2)(ii) or (b)Q)(iii).

These efforts to review and categorlic cach applicable SSC, as well as document the remits andI their basis, are estimated to be fairly rnodest. A licensee could perform a re elew rind categorization nf

each applicable system and the SCs within the safety significant systems w.th an effort of almut one to

two person-weeks. Additional effort would be required to document the results of the evaluation and

the basis and rationale used in assessing the scope of each system covered by the maintenance rule. The

overall effort, including allowance for documentation and reviews, is estimated to be on the order of one

to two person-months per system. Also, this activity is cairied out at the implementation phase of the

program, and nwd not be repeated unless the system configuration, content, or functions change.

5.1.1.3 Startup Tasks Pursuant to (a)(1)

.I
The rule requires that SSCs within the scope of paragraph (a)(1) have their performance ci

conditions monitored. However, Alternative A trt u essentially all SSCs as falling under the purview

of paragraph (a)(2), and monitoring is not required for such SSCs. The Alternative A scenario,

I
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I
therefore, expends no effort relative to meeting the monitoring requirements of paragraph (a)(1).

Similarly, enhanced monitc, ring vould not be needed to meet the requirements of paragraph (a)(1) of

the rule.

5.1.1.4 Startup Tasks Fursuant to (a)(2)

Identification of Performance or Condition ParametenELCankel

Structures and components of the systems within the scope of the rule would have to be

evaluated to establish wnich cenditions and performance parameters should le controlled to meet the

requirements of the paragraph (a)(2) of the rule.

The identification of parameters to control could start with a review of the design basis

information collected in the plant-wide plant effort. Thl review should yield a basic set of

performance and condition parameters and limits tared on Tech Specs, the ISAR, and other desi;nl
documentation. However, this evaluation may indicate that additional parameters need also beI controlled and trended to better assure the capabilities of the system to perform its safety functions.

This evaluation activity for the systems within the sco;w of the rule is estimated to require about one to

two person-months of effort per system to completc. *Ihis effort includes any related recordkeeping and

parameter trending. This activity will utilize the general recordkeeping/ data collection setup and

evaluation methodology established in the plant wide activity discussed in Section 5.1.1.1.3, but

would be tailored somewhat for each specific systern.

I 5.1.1.5 Plant Wide Recurring Activities

I Recurring and ongoing activities associated with the maintenance rule are anticipated both

plant-wide and at the system level. Some of the activities must be performed at least annually per the

requirements of paragraph (a)(3) of the rule. Others are performed as the need arises.

Dentification of Risk-Sienificant Structures and Components

'nis idesdfWtion is not relevant to the envisioned program. Hence, this activity was not

e e i for /.lternative A.

5.1.1a System Level Recurring Activities

The system level recurring activities identified for Alternative A include efforts to balance

unavailability ^ v to monitoring and preventive maintenance against failure prevention and to

periodi:ulb ' , acte the SCs in the scope of each system.

I
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5.1.1.6.1 Italance Unavailability Due to hionitoring and Preventive hiaintenance Against

l' allure Prevention

This balancing activity is not expected to require any substantial effort for Alternative A since

I most SSCs will be treated under the provisions of Paragraph (a)'2) of the rule. Any monitoring and

preventive maintenance performed on these SSCs is assumed to be the minimum required by the current

licensing basis. Therefore, little balancing could be performed.

5.1.1.6.2 Reassessment of SCs in the Scope of Each System

For each system within the scope of the maintenance rule, periodic ast.essments must tw

performed of the ctructures and components that fall within the purview of the rule. Tim SCs witnin

scope could change with time due to system configuration changes, equipment changes, increasing or-

I decreasing rates of degradation, and similar events which have an impact on the system and its

performance. The evaluation effort required is estimated to be in the range of a few person-days to

about one-half pert ;n-month per system on an annual basis.

5.1.1.7 SPC Recurring Tasks Pursuant to (a)(1)

I
There are no recurring tasks needed to meet the requirements of Paragraph (a)(1) with

Alternative A.

5.1.1.8 SPC Recurring Tasks Pursuant to (a)(2)I
Demonstrate Fffective Control of Performance or Conditionfgr (a)(2)

The demonstration of effective control of the pertinent system-specific performance or condition

parameters through an effective preventive maintenance program must be accomplished periodically.

The actual PM activities and related efforts are accounted for as descrited in Section 5.1.1.11. At the

system level, however, system-specific reviews and assessments would te performed, and the results of

these efforts would be documented. This review and documentation activity is estimated to require

about one to one and one-half person months of effort per system per year.

I
I '
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- 5.1.1.9 SI'C Continuing Tasks All Systems in 5, ope

Assess.Saktv Imolications of SCs Out__of Serdrs

The rule requires that a safety evaluetion be performed whenever SSCs within the scope of the

rule are taken out of service to perform monitoring or preventive maintenance. Alternative A relies on

deterministic evaluations to fulfill this requinment. This would require, as a minimum, that the

Technical Specifications (with assumed updates per Section 5.1.1.1.2) be consulted for applicable

restrictions. Additional analyses nuy also have to be performed for situations not adequately covered

by existing plant documentation. While these assessments are system level activities and will occur on

a case-by-case basis, the overall effort is best estimated on a plant wide basis. These safety

assessments are estimated to require about four to six person-months of effort per year per plant.

I 5.1.1.10 Continuing Tasks l'unuant to (aH1)

I for /.llernative A there are no continuing tasks pursuant to (a)(1).

5.1.1.11 Continuing Tasks Punuant to (aH2)

Enhanced Preventive Maintynere and Corrective Actiona

Under Alternative A licensees are expected to utilize the provisions of paragraph (a)(2) of the

rule to the nuximum extent possible. Keeping SSCs under (a)(2) requires that licensees demonstrate

that they have effective preventive maintenance programs. To accomplish these objectives, the

assumption has been made that most licensees would opt to enhance their preventive end predictive

maintenance programs. These enhancements would entall efforts above those currently being practiced

at most plants. As noted in Section 4.2, associated activities could include: projecting performance trends

to identify patterns signalin;; the need for potential corrective actions, performing the corrective

ai ions as needed, and changing the types and intervals of preventive maintenance to better assure

effectiveness. This enhanced pro ; ram is estimated to increase the current levels of plant maintenance-

related efforts by roughly 10'A, or about the equivalent of an additional 120 to 360 person months of

effort per year.I The increased level of preventive maintenance is also expected to result in some increase in

occupational radiation exposure. Nuclear power plant annual exposures to radiation workers have

averaged about 350 person tem in recent years. If occupational exposures increase in proportion to the

incremental labor expended in carrying out enhanced preventive maintenance, then exposures can be

projected to increase by about twenty to fifty person rem annually per plant. Nuclear utilities cur ently

expend about $9,160 per person rem for the health physics related services to cantrol and limit

34

I
. -



I
occupational exposures. These costs, estimated to be between $180,000 and $40,000 annually, must be

added to the incremental labor costs.

I
5.1.2 Alternative B Conicquentti

I Alternative 11 emphaslies stallstical performance and probabilistic analyses in fulfilling the

requirements of the nuintenance rule. It also includes predictive monitoring and overall effectivenessI assessments. This approach results in several differences compared to the Altemative A .onsequenct s.

5.1.2.1 Plant Wide Program Setup and Implementation Activities

5.1.2.1.1 Scope Evaluations

I The scope evaluations ivrformed under Alternative 11 are expected to I ? the same as those

performed with Alternative A as discussed in Section 5.1.1.1.1. The level of effort anticipated in the

same as that dis' ad for Alternative A.

5.1.2.1.2 Assessment of Combinations of lijulpment Out of Service

Alternative 11, which emphasires statistical performance and probabilistic analyses, can

pote..<ially require a very large effort to assess the effects on safety functions of total plant equipment

out of service due to maintenance related activities. This alternative could follow a probabilistic

I approach, one that n. . ht use existing PRAs. Ilowever, PRAs which cover low power and off power

conditions are currently still in the development sta;;c and not yet available. The methodology for

probabilistically treating the many plant states and the multitude of system condition states pertinent

to these assessments is not yet mature. The NRC-sponsored studies being conducted by the National

I.aloratories have thus far shown that this process is complex and time-consuming. These efforts,

however, are expected to yield acceptable methodologies which licensees would be able to draw on to

aswss the effects on safety functions of equipment and systems (and combinations thereof) out of service,

llecause of the very large numtvrs of possible combinations of systems and components out of service due

to maintenance and monitoring activities, a basic plant assessment of this type is expected to require

atuut ten to twenty person-years of effort. This range is based on the National laboratory efforts

currently underway. The results of such plant specific assessments are expected to be a reasonably

comprehensive set of criteria covering allowable combinations of systems and components out of service

for maintenance-related activities. Documentation of the effort, including generation of practical

guidance criteria for the performance monihring and maintenance activiti^s. is estimated to require an
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I l

additional effort of two to four person years, giving a total effort range of twelve to twenty-four jerson-

years for this plant wide activity.

The rule does not require licensees to conduct probabilistic analyses of the type discussed above.

.fowever, such evaluations are expected to yield much valuable information to help optimize
maintenance programs and better assure plant safety during all plant conditions and states. Some

|
licensees will opt for this more sophisticated approach, while others will opt for approaches which {
rely on the Technical Specifications, deterministic e /aluations, and simpler assessment methods. Even '

'

with the probabilistic and stath ical emphasis of Alternative H, the lack of a requirement for
licensees to use a probabilistic e proach here will likely result in about one half of the licensee

population pursulrig a probak"- .. approach, and the other half opting for the simpler, less costly

approach discussed for Alternative A. Industry-wide consequences estimates are basal on this type of
spilt.

5.1.2.1.3I Select and Document Methods for 1:stablishing Goals, Demonstrating Control and
llalancing Objective

This activity for Alternative H would review, develop, select and document the methods to be
'

used for establishing goals, demonstrating that goals are or are not being; met, and balancin;; preventive

maintenance and monitoring against any unavailability caused by such actions. Because Alternative U

adopts a statistical or probabilinic approach, the effort for this activity would be expected to

develop, or at least review and select, appropriate statistical methodologies to establish goals for

SSCs within the scope of the rule. Similarly, methods would have to be developed or selected for

awessing whether or not goals had been met. This methodology would indicate the type et performance

or condition data suitable for use in comparisons against goals, the numbers of tests required for such

evaluations, and the test intervals relevant to the comparisons against goals. This effort is expected to

develop the methodology needed to perform the evaluations called for by the rule, to document the

methodology, and the develop guidelines for applying the methodolo;;y at the SSC level.

This development and documentation effort is estimated to require from one to three person-
years of effort to complete.

I 5.1.2.1.4 Identification of Risk Significant SSCs

I The Alternative B interpretation of the rule requirements and suggestions calls for the

identification of risk significant SCs. A plant-specific PRA provides a method for establishing the risk

significance o: ..Cs. However, some plants have not completed a PRA. In addition, existing PRAs may

have to be extended in terms of the level of detail pertinent to some systems, especially non-safety

I
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systems typically rnodeled very crudely if at all. This level of detail will be needed to assess the risk

significance of SCs within the scope of th( naintenance rule. The identification of risk significant SCs

would also entail performin;; sensitivity or importance analyses on the updated PRA to identify those l

structures and com;uents with significant failure modes.

I The level of effort required to as! css the risk significance of 9ertinent SCs is estimated to range

from a low of about sir. ; erson months to a high of about twenty four persen months. The low estimate

applies to a plant with an esisting, fairly detailed PR A. Some expansion of the details pertinent to

non safety systems is assumed, so that the PRA is enhanced in detail to evaluate the risk significance

of all affected SSCs. The high estimate is based on the assumption the some plants have a low levcl of

detail in their PRAs, and that considerable effort will be required to develop the necessary level of<

detail.

I
5.1.2.2 System Level Setup and Implementation Activities

! SSC Categerjf ation

The system level activities performed during the implementation phase for Alternative B.

include the identification of systems and components in the scope of (b)(1) or (b)(2)F and those in the,

scope of (b)(2)(ii) or (b)(2)(iii) as discussed in Section 5.1.1.2. For those systems v 'he scope of the

Maintenance Rule, the licensee must perform an evaluation of which SCs within ths estem are also in
,

scope. For Alternative B fewer SSCs in scope will be treated as per paragraph (a)(2) of the Rule than
'

for Alternative A. The required effort needed to review and categorize cach app!! cable SSC, as well as

document the results and their basis,is estimated to be between one and Iwo person months per system.

I 5.1.2.3 Startup Tasks Pursuant to (a)(1)

5.1.2.3.1 Identification of Perfonnance or Condition Parameters to Monitor

Both plant wide and system level goals are assumed to be established for Alternative it At

the plant level, a review would be needed of practical goals. Once goals are chosen, effort would be

needed to define what evaluations are needed to assess whether or not the goals are being met.

Pertinent performance parameters would have to be established, and the monitoting of these4

parameters would have to be defined. This plant level goal setting activity is estimated to requireI about one to Iwo person months of effort.

The system-level effort associated with the identification of the performance or conditions to

. be monitored is estimated to range from one to two person-months for each system within the scope of 1

the rule. The effort envisioned here would take the general methodology developed as part of the

I'
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plant wide activitie*.and would apply the methods to each systs within the scope of the rule. The

methods should tl a provide system specific guidance as to the parameters to be monitored, the

frequency of monitoring activities, and the use of the data collected in assessing whether or not system

goals were being met. The focus here is not strictly on risk significant SSCs, but rather is broader and

more encompassing.

5.1.2.3.2 Implement Enhanced Monitoring

Alternative D suggests the expansion of current monitoring capabilities to better assure that the

performance or condition of SSCs within the scope of the maintenance rule can be adequately tracked

and assessed. The emphasis is on predictive Nnitoring to identify degradation trends which,in turn,

are used to guide preventive maintenance activities.

A comprehensive assessment of monitoring enhancements to typical power plants has not been

performed.110 wever, the evaluations performed for the Nuclear Power Plant License Renewal Rule,10I CFR Part 54, did define what such an enht acement program might entail (Ref. 5). While the Part 54

analyses deal specifically with aging-related degradation issues, the actions identified there provide

a reasonable surrogate for similar monitoring enhancements pursued to accomplish the goals of the

maintenance rule. The license renewal rule analysis indicateu that licensee's in.plementation costs

associated with the installation of enhanced monitoring systems was on the order of $4.1 million per

plant (1991S). The enhanced monitoring included installation of improved or additional

instrumentation systems, some of which were installed in radiation areas. About 40 person rem of

exposure was estimated to tw incurred in carrying out these implementation activities. The foregoing

estimate is an average for boiling water reactors and pressurized water reactors, and it includes the costI of health physics rMed services as well as labor and equipment costs.

The enhanc-d monitoring activitica performed pursuant to Alternative U guidance for the

maintenance rule will not be ider.tical to those characterized for the license renewal rule, but they

should be roughly comparable in scope and in consequence effects. Therefore, based on the license

renewal rule surrogate the installation of enhanced monitoring capabilities for the maintenance rule is

estimated to cost between $2 and $6 million per plant, with associated occupational radiation

caposures of about 20 to 60 person-rem.

5.1.2.4 Startup Tasks Pursuant to (a)(2)I
Identification of Performance or Condition Parameters to Control

With Alternative B licensees are expected to put some SSCs under paragraph (a)(2) of the

Rule. Stmetures and components of the systems within the scope of the Rule would have to be evaluated

I
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to establish _ which conditions and performance parameters should be controlled to meet the

requirements of the paragraph (a)(2) of the Rule. Since fewer SSCs would be treated imder the

provisions of paragraph (a)(2) of the rule for Alternative Il compared to Alternative A, this effort is

- Judged to be about one-hlf of that for Alternative A as discussed in Section 5.1.1 A, i.e., about one-half

to one person-months efft rt would be needed.I
5.1.2.5 Plant-Wide Recurring Activities

Update the identificinion of Risk Sicnificant Structures and Components

This priodic activity would update and enhance the plant PRA basc , dated reliability
data and any system configurauon changes made since the previous update. Ti . -.ed PRA would be

used to perform sensitivity or importance analyses to reassess the .sk significance of the structures and

components included in the PRA. This update activity is expected to require an annual effort of about

I two to six person months per plant, depending on the extent of the changes to be made compared to the
previous evaluations.

5.1.2.6 Recurring Activities - All Systems in Scope

The recurring system level activities identified for Alternative 11 include efforts to

periodically balance unavailability due to monitoring against failure prevention and reevaluate the

SCs in the scope of each system.

5.1.2.6.1 IIalance Unavailability Due to Monitoring and Preventive Maintenance Against !
;

5 Fallui: rievention

For each SSC withir N of the rule, an assessment must be considered whenever the SSCs

are unavailalle due to ISnt-related activities. The intent of this effort would be to assess the

effectiveness of the activity in prevwting failures, and to evaluate the activity frequency that
'

balances the benefits against the unavailability incurred in per','rming the activity. The general

methodology developed on a plant-wide basis would be applied to perform the system-level
'

assest w 1s. This balancing activity is expected to require between one and two person-months per year

per system.

I
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5.1.24.2 Reassessment of SCs in the Scope of Each System

This activity is the same a that described in Section 5.1.1.6.'2, and the anticipated level of

effort is the same as for Alternative A (a few person-days to one-half person-month per system
annually).

5.1.2.7 Recurring Tasks Pursuant to (a)(1)

Review Coals for Monitored Condition or Performance

Doth plant wide and system-level goals are assumed to be established for Alternative .,and

cre to be revisikd perioMcally. At the plant level, this activity would evaluate how well plaa* byel
. goals are being met. D ,.ending on the outcome, goals might be adjusted and/or monitoring and

preventive maintenance prograno might be modified to better assure that goals are met. This effort is

estimated to require about two to four person-months of effort per year.'I' Goals for each SSC within the scope of paragraph (a)(1) of the rule are to be periodically

rev6wed and adjusted as necessary. Alternative B emphasizes monitonng at the system level.

Ilowever, this alternative also includes considerable monitoring at the structure and component level.
' ~ ' '

activity would evaluate the monitored parameters and compare them against goals to assess
J w or not system-specific goals are being met. This activity would help identify if corrective

Am . :re needed and if goal adjustment was needed for any reason. The effort required is estimated

om abou 4 ne-half to one person rnonth per system per year.
- -

5.a.? Kecurring Tasks Pursuant to (a)(2)I
Demonstrate Effective Control of Performance or ConditioqPer (a)(2)

Although fewer SSCs will be treated under the provisions of Paragraph 6)(2) for Alternative

B than for Alternative A, the demonstration of effective control of the pertinent system-specific

performance or condition parameters through an effective preventive maintenance program must still be

accomnlished periodically. Fewer SCs will be involved compared to Alternative A so the total

.
associated effort will be reduced for A'eraativ. B. This activity is estimated to require about one-half

to three-quarters person months of effort per system per year.

:I

&
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I
5.1.2.9 Continuing rasks All Systems in Scope

Assess Safety Imolications of SCs Out of Service

The assessment of monitoring and maintenance activities on equipment and system

availability, and the safety implications of this structure or component unavailability, is essentially a,

continuous process. This activity is somewhat related to the assessment of combinations of SSCs out of

service and their effect on safety functions, but it is much simpler in that the focus is on a single or a few

SSCs at one time. Bis ongoing effort would utilize the general methodology developed during the

prograra implementation phase. This effort would also be expected to apply the general criteria and

guidelines for arriving at appropriate balances between ISTM activities, SC availability, and plant

safety. The types of actions contemplated here include assessing the effectiveness of each ISTM

activity in preventing failures, assessing the fregt.2ncy that balanccs the benefi's of the activity

against the unavailability necessary to perform the activity, and making adjustments as appropriate

to strike a suitable balance. On a plant-wide basis, considering all SCs within the scope of the rule,4

this activity is estimated to require from eight to twelve person-months of effort per year.,

5.1.2.10 Continuing Tasks Pursuant to (a)(1) or(a)(2)
4

5.1.2.10.1 Monitoring as Necessary to Assure that Goaii, are Ucing Met

Alternative B emphasizes the monitoring of performance and conditions of important SSCs per.

paragraph (a)(1) of the rule. The monitored parameters will be assessed on an ongoing basis. For each

g SSC within the scope of the rule, these assessiaents are needed to determine whether or not goals are,

5 being met. The evaluations may be simple or complex, depending on the sophistication of the methods

seiceted and the extent of the monitoring activities. Alternative B also establishes plant. level goals.t

-

This alternative emphasizes extensive data collection and analysis at all levels to compare against

goals and to establish whether or not goals are being met. The expected effort to accomplish this

extensive action is estimated to range between ten and fosy person-months per year. The level of effort,

will vary, depending on the number of SSCs within the scope of paragrapi (a)(1) of the rule and the

thoroughness of the licensee's programs.

5.1.2.10.2 Corrective Action as Needed to Meet Paragraph (a)(1) or (a)(2) of the RuleI
Licensees will undoubtedly encounter situations where corrective actions are needed because of

the requirements of paragraphs (a)(1) or (a)(2) of the rule. The specific conditior.3 and occurrencess

which trigger the need for corrective action will vary widely from one plant to another. Also, the

I
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- number of corrective actions is expected to be highly plant-specific. However, a very large number of

required corrective actions would likely indicate goals that are too stringent and/or poor preventive

. maintenance. A very low number of such actions might indicate goals which are too lax, at least for the

initial years of the maintenance rule impiementation. If the maintenance rule works as intended,

licensees should improve their programs over time such that the number of corrective actions will
I- decrease as the programs mature. However, the rule suggests that goals should oc challenging, and that

they will be changed over time to provide direction for continuing program improvements.

Whenever a corrective action is called for, a prudent licensee would likely perform a root cause

analysis to establish to cause of the failure or degradation in performance. A typical root cause

analysis is expected to require about one person. month of effort to complete. Once the cause of the

problem has been established, a heensee would likely identify attemative solutions to the problem.

The optimal corrective action would typically be chosen through the use of a cost / benefit analysis.

Such analysen can reasonably be performed with about four person-months of effort per occurrence.

While the number of corrective actions per plant is highly speculative at this time, aI reasonable estimate would be between five and fif teen occurrences per year per plant. This number range

for corrective actions is assumed to remain constant over the life of the plant once the maintenance rule

goes into effect. 'I Tus, the associated level of effort for corrective actions is estimated to be in the range

of twenty-five to seventy-five person-months per year per plant. Some of these actions will entail work

in radiation areas and rome incremental radiation exposure of workers can be expected. Based on rough

averages dose accumulations per worker-month as reported for current nuclear utility experience, the

exposure rate is estimated to be in the range of 0.14 to 0.17 person-rem per person-month of effort

expended in corrective action activities. At this rate, the expected exposures for such work are

estimated to in the range of four to ten person-rem per year associated with corrective actions. His is

the incremental exposure expected from implementing this aspect of the maintenance rule under

Alternative B guidance.

I
5.1.2.10.3 Enhanced Monitming Activities

I
As noted in Section 5.1.2.3.2, enharced monitoring systems are assumed to be ins &.lled in a plant

I to best follow the guidance provided with Alternative B. The approach envisioned also requires

ongoing activities to utilize the enhanced monitoring systems. He effort associated with these ongoing

monitoring activities is estima"i to be comparable to the effort identified with enhanced monitoring
. for the license renu.1 rule to better detect and mity; ate age-related degradation of important SSCs

For the license renewal rule the annual efiort for such monitoring activities was estimated to be about

50.7 million per plant, including labor, materials, and etber associated expenditures (Ref. SL This

estimate can reasonably serve as a mean about which similar expenditures might be incurred in carrying

I'
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I
out this aspect of the maintenance rule per the guidance of Alternative D. Therefore, the enhanced

monitoring activities for Alternative B are estimated to cost from $0.3S to $1.05 million per year.

Some of the incremental, enhanced monitoring activities are performed in radiation areas.

11ased on the analysis performed for the license renewal rulemaking, about fif teen person-rem pur year

I might be expected to be incurred from the type 3 of monitoring activities anticipated. The coraparable

estimates fin Alternative B are judged to be in the range of seven to twenty-three person rem per year.

5.1.3 Licensee Direct Consequence Summary

Based on the above discussions, preliminary estimates of licensee costs associated with

implementation of the maintenance rule regulatory guidance have been generated. These estimates

include the labor efforts, costs, and exposures identified in Sections 5.L1 - 5.1.3.

5.1.3.1 Assumptions and BanesI
lhe major assumptions and bases used in devcloping licensee direct (unsequence estimates are as follows:

The results developed apply to a single plant..

Costs are presented in 1991 dollars..

All costs are shown as the current value (present value) of a program with the*

following characteristics;
- The licensee's implementation efforts start with the issuance of the

Maintenance Rule Regulatory Guide. This guide is to bt. Issued in mid-1993. TheI period from 1993 to 1996 will be devoted to planning for the acteal

implementation, which must be completed by July of 1996. Initial scoping

efforts, goal setting, methodology development, and similar activities will

take place during this period. Beyond 1996, annual evaluations and other

recurring activities take place for the remainder of tlw plant life Plant lives of

both 20 and 40 years beyond the 1996 date has been considered. The shorter

I period assumes no license renewal; the 40 year period assumes extended plant

life through license renewal.

A discount rate of 5% has been used.*

An average loaded labor rate of $50/hr has been assumed for licensee technical staff*

performing the activities defined in suppon of the maintenance rule.

All consequence estimates are assumed to be incremental to current licensee maintenance*

programs.

I
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No allowance has been made for possible plant availability improvements due to the*

implementation of the maintenance rule.

I
5.1.3.2 Licensee Direct Consequence Summary

I The estimated cost and occupational radiation exposure consequences to a typical licensee for

performance of primary activities at one plant are displayed in Tables 5-1 and 5-2. Table 5-1 presents

consequences assuming no license renewal and a 20-year period of operation under the maintenance rule.

Table 5-2 assumes a 40-year period with license renewal. Both tables show the costs attributable to

each of the major activities, and include both one-time, up-front costs as well as recurring costs. The

tables also display estimates of the overall program occupational radiation exposure incurred in,

implementing enhanced ISTM activities or carrying out additional corrective maintenance actions. Low

and high estimates, derived from the low and high labor estimates in Sections 5.1.1-5.1.3, are shown,

and these are shown separately for Alternatives A and B. The tables display the information for eachI of the major activities discussed in the previous sections. Implementation activities, those assumed to

be performed during the period from 1993-1996, are shown first, followed by recurring activities (those

anticipated for years 1996-2016 without license renewal and 1996-2036 with license renewal). In

addition, the tables indicate whether the activity is plant-wide in nature or is applicable at the
individual system level.

Yhe implementation costs shown in Tables 5-1 and 5-2 represent the totals for start-up
activities. The recurring activity values indicate the present worth of the licensee incremental

expenditures expeiienced during the 20 or 40 year period that the individual plants are assumed to be
4

subject to the effects of the rule. A comparison of the figures displayed in Tables 5-1 and 5-2 readilyI indicates that the recurring costs are considerably larger than the up-front implementation costs.

Extended plant life through license renewal adds 32% to 36% to the total program costs, depending on
the alternative.

The system level activities and their consequences as displayed in the tables are based on the

assumption that there are roughly eighty systems in the plant that would fall within the scope of the

maintenance rule. Efforts were estimated on a per-system basis and multiplied by eighty to arrive at

I the total system level costs for a plant. This number of systems is based on a review of the systems

employea in a typical PWR and was judged to be reasonably representative of the U. S. reactor plant

population.

I
I
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I Table 51

Licensee Resources Required to Implement the Maintenance Rule
Without License Renewal

I
I

Ptart System ALTERNAlfYE A ALTERNATIVE 8

Impleererenten Activatlee

Scope Evaluenone
Idenstceton of Systems atun the Scope of Rule z 7.000 15.000 7.000 15,000
Evarvenon of SCs in $ccoe When Systems Not in Scope s 70.000 1 E0.000 70.000 160,000

Assess Comtnnstone of Eeviament Out of Servce 20.000 30.000 540.000 1.070.000

Deveep Methods for Goal Setsng, Preveneve a 20.000 30.000 90.000 260,000

I Mairuanence E8!setiveneas. and flateren0 Ob ocovesi

esene6 canon of Risk S,gmncant SSCs : 0 0 40.000 180.000

SC Categonranon a 580.000 1,170.000 580.000 1.170.000

star 1up tesma Pursuant n (e)(1)
O of Ped. or Corus to be Merutored (piano s 0 0 7,000 15.000

I ID of Perf or Cond. m be Moniered (system) s 0 0 580.000 1.170.000
Enhanced (STM immementanon. $ s 0 0 1.690.000 5.060.000

startup tasks Pursuant n (a)(2)
O of Perf, or Cond. m De Convolied per taw 2) 580.000 1.170.000 290.000 580.000

Recurtmg Activities

Annual Assessments

I Update O of Rish.egnMcant SCs a 0 0 170.000 $20,000
Ba1. Unevad. due m Morusonng a PM Against Fir Prov. 0 0 6.940.000 13.870.000
Rewaluate SCs in Scope of System x 1.390.000 3.470.000 1.390.000 3.470.000

I Recumng tasma Pursuant to (a)(1)
Reyww Goa:e for Mornuwed Cond. or Port (plant) 1 0 0 170.000 350.000
Recew Goeis for Moratored Const or Perf, (system) 0 0 3.470.000 8.940.000

Recumng testa Purwent to (e)(2)
Demonsente Eft. Conros of Poet or Corut per (e)(2) E 6,940.000 10.400.000 3.470.000 5.200.000

Cononuing Tests . As Systems m Scope
Aasese safety emp. of SCa Out of Service 350,000 520.000 690.000 1.040.000

Canonumg Tasas Fursuant to (e)(1) or (aM2)
Morutor as neeoed to rneet (e)(1) Requirements x 0 0 870.000 3.470.000
Ennanced Morutonng Acaviews x 0 0 3.500.000 10.510.000I Eval. & Seact PreventwCorreenve Accan as ne.oed to a 10.500.000 35.790.000 2.530.000 7.420.000
meet (e)(1) or (a)(2)

TOTAL UCDEEE PROGRAM COST COfGECUENCES 520,457,000 552.745.000 $27.094.000 582.460.000

TOTAL LCDEi! FHOGRAM EXPOGURE 400 1000 240 720
CONSEQUENCES. pereorwom

I
I
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I. Table 5-2

Licensee Resources Required to Implement the Maintenance Rule
With License Renewal

I
I

Plant System ALTERNAUVE A ALTERNAUVE B
L. w Lene i.ow non Low HoH

Implememstion Activit6es

Scope Evaiuenons

ioenuncanon of System. winn ine Scoos of nuie 7,000 15.000 7.000 15.000

.I
Evolueton of SCs en Ser4 when Systems Not m Scope a 70.000 150.000 70.000 150,000

Auess Comennanone of Eausenent out of Serms a 20.000 30.000 540.000 1,070,000

D a 20.000 30,000 90,000 260.000I
evebo Metnods for GoaJ Semrg. Preventr<*
Mmtenance Effeenveness. anr Saancng Otmecoves

loonencaten of R.sh S,grvAcant SSCs t 0 0 40.000 180.000

SC Cctegeranon a 580.000 1.170.000 580.000 1,170.000

startup mans Pursuant to tam 1)
O of Perf or Cono. m M Mometed Iplano a 0 0 7.000 15.000

I Enhancea istM impementaten,5
10 of Pert or Corut a be Momme (systee 0 0 580.000 1,170,000

s 0 0 1,690,000 5.080.000

Startup taus Pursuant to teH2)
ID cf Ped or cono. to os Congoned per (aW2) a 580.000 1,170.000 290.000 580.000

I Recurrtno Activftlee
Armual Assessmenta

Upcate 10 of Risba,grekant SCs x 0 0 240.000 720,000
Bat Unevat due e Momenng a PM Agacet Fir Prev. r 0 0 9.550.000 19,100.000
Reeverunta SCs n Smoe of System x 1,910.000 4.770.000 1,910.000 4,770.000

I Recurntg taus Pursuant to (syt)Revww Goals for Monnerea Cona. or Perf (pant) 0 0 240,000 480.000
Reyww Goais for Mometeo Cond. or Pod (system) x 0 0 4.770.000 9.550.000

Recurnng taus Pursuant to teW2)

Demonstrate Eff. Contros of Pect or Cond. Der tam 2) x 9.550,000 14.320.000 4.770.000 7,160.000

Ctnanumg Iasks . All Syswns m Scope
.

Aumas Safety arm. of SCs Out of Senace a 480.000 720.000 950.000 1,430.000

W Connnumg Tasks Pursuant to (ayt) or (aH2)

Marver as neeoed to rnest tan (1) Recurements a 0 0 1,190.000 4,770.000
Ennanced Moruronng Actrenes 0 0 4.820.000 14,470.000

I Evel. & Sewct P evenaveCorrectrue Acton as nevoed to
a 14.460.000 49.280,000 3.490.000 10.220.000

meet (ani) or teH2)

TOTAL LICENSEE PROGRAM COGT CONSTOUENCES 827.877,000 371,655,000 $ 35.824,000 $32,340,000

TUTALIJCENSEE PnoGRAM EXPOSUFIE 800 2000 460 1380
--S-

I.
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The total incremental occupational radiation exposure attributable to the maintenance rule'

under the two regulatory guide alternatives ranges from a low of 240 perstm-rem to a high of 20m

person-rem, depending on the case considered. These estimates of exposure apply to the conduct of the

program over the remaining life of the plant. The Alternative A exposures are higher than those for

Alternative B because of the projected increase in preventive and corrective maintenance for AI compared to D.

The summary costs shown in Table 5-1 indicate that licensee consequences, without license

renewal, due to implernentation of the maintenance rule are estimated to be in the range of $20 million

to $62 mi' lion over the range of alternatives. Table 5 2 indicates that with license renewal and

extended plant life, the costs range from about $27 million to $82 million.

5.2 NRC Direct Consequences

The NRC will incur consequences as a result of the Maintenance Rule Regulatory Guide

activities. The primary consequences are costs incurred in the development and implementation of

guides, inspection procedures, staff training, and conducting inspections of licensee maintenance

programs. Benefits to the NRC may also accrue in terms of a reduction in the number of maintenance-

related incidents at nuclear plants which trigger NRC investigations and analyses.

The following discussions *nesent estimates of the consequences to the NRC related to the

development and implementation of the Maintenance Rule Regulatory Guide.

I 5.2.1 NRC Consequences for Altemative A

Alterr:ative A is the "no regulatory guide" option. Had this option been followed, the NRC

would not have expended effort to develop a regulatory guide or a r_egulatory analysis of the guide. The

activities that the NRC would undertake in support of the maintenance rule, whether or not a

regulatory guide is implemented, include:

I
Development of inspection procedures. Inspection procedures are needed to guide.

inspectors in assessing the cffectiveness of licensee maintenance programs.

Staff training. NRC staff and any contractors assisting in the effort will have to be*

trained prior to conducting hcensee inspections.I Workshops for licensees. The NRC anticipates that it will conduct workshops for*

licensees to promote understanding of the maintenance rule requirements and what the

NRC expects relative to its implementation.

I
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Licensee inspections. Once the Maintenance goes into effect in 1996, the NRC expects to*

conduct on-site inspections of licensee programs. Ik>th initial and follow-up inspections

are likely.

m the absence of a regulatory guide, the NRC mt.st still develop inspection procedures to assist NRC
- I evahators in arsessing the effectiveness of licensee maintenance programs. Without a regulatory guide,

this procedure development process is anticipated to be less focused and less efficient that would be the

case with a guide. These inspection procedures would have to be highly flexible and quite broad toi

encompass the prcbable wide variations in maintenance rule implementation among the population of

licensees in the absence of a' regulatory guide. The procedure development process would entail a greater

number of iterations snd internal reviews than would be the case with a guide. Also, much of the

thinking that went into the development of the regulatory guide would essentially have to be

performed to develop inspection procedures in the absence of the guide. This would be necessary to

previde procedures which reiiect a sound interpretation of the rule and its statement of considerations.I The other developmental aspects of NRC's efforts for Alternative A, staff training and conduct

of werkshops, are also estimated to be somewhat more difficult and time consuming that would be the

case for Alternative B. Without a guide, the training and workshops would have to cover a broader

range of possible licensee implementation actions. .NRC staff providing the training and workshops

would have to develop more comprehensive programs to better deal with the diverse ways of
satisfymg the requirements of the maintenance rule.

The effort to develop inspection procedures, develop training courses, provide training and

conduct workshops is estimated to require from three to five full time equivalent (FTE) NRC staff from

the current time through mid-1996 wher, the maintenance rule goes into effect. This excludes the NRCI regional staff and inspector trainee time. as their efforts not assumed to be incremental. The cost of

presenting regional workshops for licensees is estimated to be about $35,0fX) per occurrence. This

estimate allows for rental of facilities, providing for transcripts, preparation of workshop materials

and handouts, and contractor expenses involved in handling much of the details of such workshops.

These costs are based on recent NRC experience in conducting public workshops on the proposed changes

to 10 CFR Part 51. About six workshops on the implementation of the maintenance rule are expected.

I During this development period the NRC anticipates that contractor assistance will be needed

from the current time through the implementation of the rule. The current estimate for this assistance is

$100,000 per year.

I The maintenance rule is currently scheduled to go into effect in July of 1996. Over the two year

period following this implementation date, the NRC expec:s to perform init:al inspections of each

licensee's maintenance prograrr.. Each inspection is expected to mvolve a team of fom inspectors for a

period of about five to six weeks. Thus, each initial inspection is anticipated to require an average of

J8
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about four and one-half to five and one-half person-months of staff effort. Onw the initial inspections

are completed, the NRC expects to perform maintenance inspections at each plant about once every five

years. These periodic efforts are expected to require about two-thirds as much time as the initial

inspections (l.c., four staff months each).

I 5.2.2 NRC Consequences for Alternative U

The NRCs costs for Alternative B include basically the same elements as those described above

for Alternative A. In addition, however, the NRC has expended and will continue to expend efforts

related to the development of the regulatory guide and a regulatory analysis of the regulatory guidif.

The NRCs efforts to develop the regulatory guide for the maintenance rule are estimated to be

about five staff years. This includes the efforts expended thus far and those needed to complete the

development of the guide. In addition, the NRC has obtained contractor support to assist in the

drafting of the regulatory analysis. This contractor assistance is projected to cost about $400,000.

The development of the regulatory guide serves to simplify and focus the inspection procedure

development efforts. Similarly, the staff inspector training and the conduct of workshops should be

simplified somewhat compared to that needed with Alternative A. This simplification accrues by

virtue of the fact that the regulatory guide provides a template for the development of the inspection

procedures. More importantly, it should act to reduce the variation in licensee maintenance rule

implementation plans. These factors allow for more efficient and less time-consuming training of

inspectors. For Alternative B, the NRCs efforts for procedures development, staff training, and conduct

of workshops is estimated to require the equivalent of two to three staff full time from the present

through the implementation of the malatenanw rule ia mid-1996. In addition, contractor support duringI this period is needed and is expected to cost about $100,000.

The conduct of the workshops for licensees is anticipated to be simpler and less time consuming

_

for Alternative B than for Alternative A. These workshop costs for Ahernative B are estimated to be

about $25,000 per event, and about six such workshops are envisioned.

The on-site inspection activities for Alternative B would follow the same schedule and pattern

as those described for Alternative A. Each plant would have its initial inspection during the 1996-1998

time period. Each initial mspection is expected to require the services of three and one-half to four and

one-half staff for a period of one month. This effort is less than that for Alternative A because the

exis*nnce of the regulatory guide should promote greater uniformity among licensee programs. Also, the

guide should help reduce the number of viohtions and subsequent NRC follow-up actions associated

with maintenance rule compliance. Once the initial inspections are completed, each plant's program,

would be inspected at least once every five years. These inspections are expected to invc,1ve a team of

four inspectors for a period at about three weeks.
|
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I
5.2.3 Summary of NRC Direct Consequences

I Tables 5 3 and 5-4 summarize the projected direct costs to the NRC for the development and

implementation activities assumed under Alternatives A and B and are exclusive of secondary

activities. Table 5-3 applies to the case of no license renewal; Table 5-4 assumes extended plant life

through license renewal. The bottom line costs for both tables indicate the expenditures on a per plant

basis. The economic assumptions used in generating the figures in Tables 5-3 and 5-4 are the same as

those discussed in Section 5.1.3.1.

- 5.3 Comparison of Direct Consequences

Table 5-5 presents a comparison of the direct consequences (costs and routine occupational

radiation exposure) of Alternative B relative to Alternative A. The values shown are presented on a

per plant basis both for licensees and for the NRC. The table entries reflect the mean or average values

for the direct consequences. That is, the low and high estimates were averaged for each alternative,I and the average for Alternative A was then subtracted from the average for Alternative B. This
approach takes Alternative A to be the base case.

Table 5-3

NRC Costs, Alt. Reg. Guidance for Maintenauce Rule Implementation, Without License Renewal

Alternative A Alternative B
Implementation Low (19915) liigh(1991 5) Low (1991 5) j liigb(1991 5)
Activities
Develop Regulatory 0 0 499,000 499,000
CuideI Develop Reg. 0 0 400,000 400,000
Analysis of Reg.
Guide

I Develop Insp. Proc., 1,062,000 1,770,000 708,000 1,062,000
Training Workshops
Conduct 173,000 173,000 123,000 123,000

- Workshops, ca.
Contractor Support 355,000 355,000 355,000 355,000

yer year
Costs per Plant 14.000 21.000 19,000 22,000

, | Recurring Activities
' E Initial inspections, 29,000 35,000 .22,000 29,tXV
t per Plant
I Periodic 44,000 52,000 33,000 42,000
| . Inspections, per

Plant

.
TOTAL COSTS PER 87,000 108,000 74.000 93,000

| PLANT
6

|
-

_
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Table 5-4

NRC Costs, All Reg. Guld...> for Maintenance Rule implernentation, With License Renewal

' " ~ ~

.

Alternative A Alternative B
implementation Low (1'<91 $) liigh(1991 $) Low (1991 $) liigh(1991 $)

I Activities
Develop Regulatory 0 0 499,000 499,000
Cuide
Develop Reg. 0 0 4004K10 400,000
Analysis of
Regulatory Culde
Develop Insp. Proc., 1,062,000 1,770,000 708,000 1,062,000

I Training Workshops
Conduct 173,aX) 173,000 123,000 123/100
Workshops, ca.

I Conttaetor 355,(XX) 355,000 355,000 355,000
Support,per year
Costs per Plant 14,000 21,000 19,000 22,000
Recurring Activi es

I Initial Inspections, 29,000 35,000 22,(XX) 29,000
per Plant
Periodic

'

63,000 75,000 484XX) 61/X10
inspections, perI Plant

TOTAL COSTS PER | 106,000 131,000 89,000 112,(XX)
PLANT __!I

--

Table 5-5

Comparison of Direct Consequences -
,

Individual Plant impacts for Alternative B
Relative to Alternative A Estimated Impacts

. Without License Renewal With License Renewal
^

Cost (19915) Exposure Cost (19915) Exposure

. I
(person-rem) (person-rem)

Licensee Direct 8.100,000 (220) 9,400,000 (480)
Consequences
NRC Direct ($14,000) - (18,000) -I Consequences
Overall Direct 8,100,000 (220) 9,400,000 (480)
Consequences

I
I
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The results shown in Table 5.5 indicate that the everall tosts for Alternative B compa ed to

Alternative A are higher by about $8.1 million and $9.4 million, respectively, without and with

license renewal. On the other hand, Alternative B is estimated to reduce occupational radiaticn

exposure by about 220 person rem compared to Alternative A for the no-license renewal case, and about

480 person-rem with license renewal. NRC differential costs for Alternative B relative to AlternativeI A are quite small and do not noticeably affect the bottom line costs. Alternative B is estimated to reduce

NRC's costs compared to those with Alternative A. This is the case both with and without license

renewal.

5.4 Denefits (Value)

Making judgements about the benefits of actions taken by a licensee involved estimating the

actual risk at a typical plant and the degree of improvement that might result from the actions.

The results of the Commission's Maintenance Team inspections identified some common

maintenance related weaknesses, such as inadequate root cause analysis leading to repetitive failures,

lack of equipment performance trending, and the consideration of plant risk in the prioritization,

planning and scheduling of maintenance. These weaknesses are not reflected in core damage frequencies

calculated by the usual methods. In order to estimate the benefits of the rule, it is first necessary to

estimate the extent to which the actual core damage frequency exceeds that calculated by a PRA.

The problem of estimating the actual risk was approached by considering the fraction of

observed failures that are maintenance-re'ated. Depending on the definition of maintenance-related

and the data examined, one finds that 20% to 6(F4 of failures are maintenance-related. If the failure

rates at a plant experiencing ineffective maintenance are actually 25% higher than the values used in a

a PRA, then the actual frequency for a cut set of order 6, for example, is about 4 times higher than the

frequency calculated by the PRA. Based on these observations,it is conceivable that actual core damage

frequencies at plants experiencing ineffective maintenance may be two to ten or more tirnes greater than

their calculated core damage frequencies.

The measurable benefits or values that would result from implementing the maintenance rule

are in the form of avoided radiation exposures and avoided costs associated with the resulting reduced

core damage frequency. Specifically, these benefits (values) are:

Avoided public dose (person-rem)*

I Avoided werker dose (person-rem).

Avoided cleanup cost (current 5)=

Avoided replacement power cost (current $)*

I
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I
5.4.1 Basis for Eatimation of Benefits (Value) of Reduced Core Damage Events

The more detailed calculations of core-damage frequency reduction and public risk reduction

that appeared in the maintenance rule regulatory analysis (Ref. 2) are not applicable to this analysis.

I Those calculations assumed that implementation of the rule affects neither human reliability during

maintenance nor duration nor frequency of planned maintenance outages, whereas ths various

alternatives considered in this analysis do differ in just such effectc. Therefore, this analysis adopts

the assumptions used in the analysis of the license renewal rule instead of tho'c in the maintenance rule,

analysis.

The average remaining plant life was estimated for two assumptions. Without license rencveal,

the average remaining life was estimated to be 20 years. License renewal was assumed to extend the

remaining life to 40 years.

'Ihe avoided public dose is based on th mobability of containment failure given core damage
7being 0.1 and that the public dose given a release being 1.0x10 person-rem. These are the sameI assumptions that were used in the regulatory analysis for the license renewal rule (Ref. 5).

The avoided worker dose per core damage event was assumed to be 40,000 person-rem, also
- based on the assumptions used in analysis of the license renewal rule. This is higher dun the range

(10,000 to 34,000 person-rem) that was used in the maintenance rule regulatory analysis.

The avoided on-site cleanup cost 's based on an estimate of $1200 million per core damage event,

spread over ten years following the event. The avoided replacement power cost was assumed to be $0A

million per day over a ten year period, for a total of $1,500 million. If there are less than ten years of

remaining life when the event occurs, the cost should be proportionately reduced. However, for this

analysis we assumed that the full cost was incurred if there were more than five years remaining, but noI cost if there were less than five years remaining. This compares with a range of $1,310 million to $1,440

million used in the maintenance rule regulatory analysis. All of the future costs were discounted to 1991

dollar values by using a 5% present worth factor.

5.4.2 Basis for Estimation of I enefits of Alternative A

I}cnefits of Plimarv Activities.

Alternative A focuses attention on assunng competent performance of preventive maintenance.

The average effect of assuring that tb performance of preventive maintenance is at a high standard atI all plants is very uncertain.

A PRA ie normally based on reliability data that reflects either competent preventive

maintenance or average industry performance. Therefore, the effect of weaknesses in the performance of

preventive maintenance is to increase the core damage frequency above that calculated by a PRA.

I
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The Commission's 1985 assessment of maintenance at domestic nuclear power plants found wide

sariations in mainienance practices and effectiveness, with a significant proportion of operational

problems attributable to improper or inadequate maintenance, A 1988 industry study found that 38% of

the root causes of a sample of significent events were maintenance related. The lack of consideration of

risk in the prioritizing and planning of maintenance was identified as a common weakness during theI NRC's Maintenance Team Inspections. Based on these considerations, the average reduction in core

damage frequency that would result from assuring a high standard of preventive maintenance was

judged to be between 2 x 10-5 per reactor-year and 8 x 10 5 per reactor-year, starting when the rule

becomes effective.

I
Costs and Benefits of Secondarv Activities.

There are no secondary activities under Alternative A, hence there are no additional secondary

costs or bue(its.

I 5.4.3 Ilasis for Estimation of Uenefits and Additional Secondary Costs of Alternative B

Benefits of Primary Activities.
1

Alternative B enhances Alternative A by providing not only assurance of competent

performance of current preventive maintenance activities, but also providing enhanced predictive

maintenance and avoidance of high-risk configurations.

The assessment of the benefits of avoiding high-risk configuration took into account that the

Maintenance Team Inspections identified lack of consideration of risk in the scheduling of maintenance

as a common weakness. The risk associated with configurations occurring during plant shutdown is anI area of current study and still uncertain.

Another major source of uncertainty is in the estimate of the net benefit available through

enhanced predictive maintenance.

The judged benefit from all primary activities was estimated as a reduction in the core damage

frequency by 1 x 10 to 3 x 1044 per reactor-year, starting when the rule becomes effective. The upper

end of this range reflects the possibility that there may be some plaets where greater consideration of

risk in the scheduling of maintenance will be necessary for continued operation.

Costs and Benefits of Secondary Activities.

Secondaty activities associated with Alternative B were:

corrective actions pursuant to (a)(1) anda

I
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activities added (or climinated) to balance planned unavailability against failure+

prevention.

I
Benefit (Value) of Corrective Actions.

-I
In estimating the primary activities, the total number of corrective actions and adjustments

that are analyzed was judged to be five to fifteen per year. Some of these will not be implemented

because of unfavo:able cost / benefit ratios. These actions are expected to be mostly adjustment for the
'

first few years and mostly corrective actions thereafter. Although there will be a tendency to take the

most effective actions first, there will also be more opportunities for corrective actions as the plant

ages. In order to be conservative in estimating the benefits of this alternative, no credit was taken in

the reduction of core damage frequency for the effects of the secondary activities.

The average person-rem of benefit from a years action was obtained by assuming that the

reduction in core damage frequency was effective over the remaining life of the plant. Therefore, the

benefit of the corrective actions taken during a year late in the plant life are less than those of theI actions taken in an earlier year.

Costs and Benefits of Secondarv Activities.

Although the evaluation of proposed secondary activities has been considered under primary

activities, the costs of their implementation were not included with the primary costs. The cost of

implementing the corrective actions can be estimated based on the anticipated person-rem benefit. The

average direct cost of an action was taken to be 53,000 per person-rem of benefit, as discounted during

the licensee's cost / benefit analysis to the initiation of the corrective action. A reasonable alternative

would take $3,000 as the nel cost ; 4er taking credit for avoided cleanup and replacement power costs,I because a licensee would be justified in skipping any corrective action that would have a net cost over

$10,000 per person-rem of benefit, whereas some corrective actions might have negative net costs.

The total cost of corrective actions decreases with time, reflecting the rejection of more

expensive actions as the remaining life dwindles. Consistent with the licensee's discounting, the cost is

concentrated at the initiation of the action. A estimate of the average discount factor was obtained by

using a rate of 5% over a time equal to the mid-point of the currently remaining life.

' I 5.5 Impact and Benefit Summary

Possible impacts, consequences and benefits which could occur as tbc result of adoption of a

regulatory guide were developed for each of the proposed regulatory approaches based on the above!

mentioned underlying bass. In particular, the following impacts were estimated:

I
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11 - Direct Costs of implementation of Maintenance Rule

12 - Additional Occupational Dose due to Enhanced ISTM Activities

13- Additional Costs of Corrective Actions

The Denefits (Values) estimated were:

V1 - Averted Public Dose due to Reduction in the Probability of a Release of Radioactive

Material

V2- Averted On-Site Cleanup Occupational Dose due to Reduction in the Probability of a

Core Damage Event

V3- Averted Cleanup Costs due to Reduction in the Probability of a Core Damage event

v4 - Averted Power Replacement Costs due to Reduction ir. the Probability of a Core

Damage event

I Two implementation scenarios were developed for each of the categories of impact: a more cost

effective implementation and a less cost effective implementation. The more cost effective

implementation scenario was developed by associating the lower direct cost estimates with highest

reduction in core damage frequency. The less cost effective scenario associates the higher direct costs

with the lowest reduction in core damage frequency. Additionally, in each scenario considered, the

effect of an addit: anal 20 years of operation under a license renewal was analyzed.

The following two tables summanze the impacts for the more cost effective scenario and less

cost effective scenario for each of the alternatives for one reactor operatmg for 20 years after the
implementation of the maintenance rule.I Tables 5-8 and 5-9 summarize the impacts for the more cost effective scenario and less cost

effective scenario for each of the alternatives for one reactor operating for 40 years after the
implementation of the maintenance rule.

I
I
I
I
I
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Table 5 6

Impact Suuunary for the Less Cost Effective Scenario

(Without License Renewal)

. A B

Direct Licensee Cost $52.7 M $62.4 M

NRC Costs $110K $90K'I Additional Occupational Dose 1,000 PR 720 PR

Cost of Cormctive Actions 0 $3.6M

. Averted Public Dox* 400 PR 2,000 PR

Averted Occupational Dose 16 PR 80 PR

Averted Cleanup Costs $0.2 M $1 M

Averted Power Repgcogt, $032 M $1.6 M

Table 5-7

Impact Summary for the More Cost Effective Scenario

, (Without License Renewal)

a..

A B

Direct Licensee Cost $20.5 M $27 M

NRC Costs $90 K $70 K

Additional Occupational Dose 400 PR 240 PR
- Cost of Corrective Actions 0 $18 M

Averted Public Dow 1,600 PR 6,000 PR

Averted Occupational Dose 64 PR 240 PR

Averted Cleanup Costs $0.8 M $3 M

Averted Power ReplacementI _ __

$13 M $4.8 M

I
.

5
.

I
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Table 5-8

Impact Summary for the Less Cost Effective Scenario

(With License Renewal)

|
> <

A B

Direct Licensee Cost $71.6 M $82.3 M

NRC Costs $130 K $110 KI Additional Occupational Dose 2,000 1,380 PR

Cost of Corrective Actions 0 $5 M

Averted Public Dose 800 PR 4,000 PR

I Averted Occupational Dose 32 PR 160 PR

Averted Cleanup Costs $0.4 M $2.0 M

Averted Power Replacement $0.6 M $3.2 M

I ~

|

Table 5-9

Impact Summary for the More Cost Effective Scenario

(With License Renewal)

; .

A B

Direct Licensee Cost $27.6 M $35.8 Mi

I NRC Costs $110 K $90 K

Additional Occupational Dose 800 PR 460 PR
|
! Cost of Corrective Actions 0 $25 M

Averted Public Dose 3,200 PR 12,000 PR
l

| Averted Occupational Dose 128 PR 480 PR

Averted Cleanup Costs $1.6 M $6 M

Averted Power Replacement $2.5 M $9.6 M

I
I
4
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5.6 Comparison of Alternative 11 with the Alternative A

The Alternative B net impact-to-value ratio was compared with those developed for

Alternative A. The net impact to value ratios were determined frem the previously discussed

attributes.

Tables 5-10 and 511 summarize the net impact to value ratios for the more cost effective

scenario and less cost effective scenario for one reactor operating for 20 years after the implementation

of the maintenanw rule. The values a the tables have been rounded off, as apprapriate.

I
Table 5-10

Net Impart to Value Ratio for the Less Cost Effective ScenarioI (Without License Renewal)

I . . , -

A

Incremental Cost of B S11.2 M j
incremental Averted PR of B 1,944 PR

Net Impact Ratio of 11 $5.7 K/PR

I ~

Table 5-11

- Net Impact to Value Ratio for the More Cost Effective Scenario

(Without License Renewal)

I ^
Incremental Cost of B $18.9 M

incremental Averted PR of Il 4,736 PRI Net Impact Ratio of 11 $3.9 K/PR'

I
Tables 5-12 and 5-13 summarize the net impact to value ratios for the more cost effective

scenario and less cost effective scenario for one reactor operating for 40 years after the implementation

of the maintenance rule. The values in the tables have been rounded off, as appropriate.

I
'I
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Table 5-12

Net impact to Value Ratio for the Less Cost Effective Scenario
~

(With License Renewal)

I ^
Incremental Cost of B $11.5 M

incremental Averted PR of B 3,948 PRI Net impact Ratio of 11 $2.9 K/PR

I
. Table 5-13

Net Impact to Value Ratio for the More Cost Effective Scenario

(With License RenewaD

I ,

I A

Incremental Cost of B $21.7 M

Incremental Averted PR of B 9,492 PR

Net Impact Ratio of B $2.2 K/PR ,

I The net impact to value ratio comparison indicates that Alternative B is a cost effective

alternative when compared to Alternative A.The most unfavorable comparison between B and A wasI for the less cost effective scen do without license renewal. Even in this comparison the net impact ratio

of B relative to A resulted in a cost of about $5,700 per person-rem which compares very favorably with

licensee estimates ranging upwards of $10,000 per person-rem.

I
I
I
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6.0 DECISION RATIONALE

6.1 REGULATORY ANALYSIS

A clear and consistent set of guidance acceptable to the NRC staff for implementing the 650.65I rule is the major goal of a Regulatory Guide. The NRC Draft Regulatory Guide will clearly achieve

this geal in a cost effective manner. The NRC Draft Regulatory Guide basically relies on accepted

current practices generally followed by both the NRC and industry. Since many of the elements of the

NRC Draf t Regulatory Guide are currently implemented by the nuclear power industry and none of the

elements require state-of-the-art advancements in a technical discipline, there are no barriers to its

| timely implementation.
_

6.2 ENVIRONMENTAL IMPACT,

t

I As part of the 550.65 rulemaking effort, the Commission has determined that, under the

National Environmental Policy Act of 1969, as amended, and the Commission's regulations in subpart A

of 10 CFR Part SI, that issuance of the rule would not significan, e affect the quality of the

environment. Therefore, an environmental impact statement was not required for the 650.65 rule. Since

the proposed Regulatory Guide provides one acceptable method of implementing the provisions of
; 650.65, neither an environmental impact statement nor an environmental assessment has been prepared

for the propmed Regulatory Guide.

_
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7.0 COMPARISON TO OTliER RULES AITECTING STRUCTURES, SYSTEMS,NVD COMPONENTS

I
The Maintenance Rule was compared with the following seven mies:

(1) License Renewal (10 CFR 54)

(2) Environmental Qualification (10 CFR 50.49)

(3) Fire Protection (10 CFR 50.48)

(4) Anticipated Transit Without Scram (10 CFR 50.62)

(5) Pressurized Thermal Shock (10 CFR 50.61)

(6) Station Blackout (10 CFR 50.63),

(7) Quality Assurance (10 CFR PrM 50--Appendix B).

The attached Table 7-1, " Maintenance Rule Interrelationships with Rules Affecting SSCs,"

was developed to illustrate in a concise manner that, in many cases, the maintenance rule merely

reiterates and reinforces requirements from these other seven rules. The primary thrust of this matrix is

I to show that the scope, requirements, and documentation needed to fully implement the maintenance

rule does not significantly expand similar items beyond that set forth in the other seven rules selected

for comparison. Within the matrix, similar items are aligned horizontally, it should be noted that the

appearance of a corresponding scope or requirement does not necessarily mean that the items are

identical, it merely shows there is some similarity in the scope or requirements, Blank spaces in the

matrix are significant because they indicated a lack of similarity in the scope or requirements between

the maintenance rule and the other rules.

I
I
I
g

I
I
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Table 7-1. Maintenance Rule Interr

I nile /but. ject Maintenance Rule 10 W k 50.65 bcense Renewal Lavarunment ITr
Draf t NRC Reg Guide 10 CTR 54 Qvlification 10t

10 CTR 50.49 Rep
Reg Gulde t.89 Brandi l'

0
Scope Safety-Related SSCs rehed upon tv Safety-Related $Ks rehed upon to Safety-Related SSCs rehed upon to Safety-Relat,

remain functiorul during and remain funcuonal during ar.d remam functional during and relied upon -
following design basis events to followmg design basis eveats to followmg design basis events to during and i
ensure ensure ensure events to en

a) the integnty of the reactor a) theintegrityof the reactor a) the integrity of the reactor the intes.

cwlant pressure boundary, coolant pressure boundary, coolant pressure boundary, coolant 1
b) the capabihty to shut down b) (F e capability to shut down b) the capabihty to shut down b) the capa

il e reactor and mamtain it in the reactor and maintain it in the reactor and maintam it in the reac'
a rafe shutdown condition, a safe shutdown condition. a safe shutdown conchtion, a safe st
and and and and

c) the capability to prevent or c) the capability to prevent or c) the capabihty to prevent or c) the capa
nuttgate the consequences of nutigate the r insequences of nuttgate the consequences of mitigate
acddents that could res"It in accidents that could result in acadents that could result in accident
potential offsite exposure potential offsite exposure potential affsite expsure potes.tia
comparable to the 10 CFR 100 comparable to the 10 'TR 100 comparable to the 10 Cm 100 compar.
guidelmes. guidelines. guidehnes. guidehr

i Non-Safety-Related SSCs Non-Safetya
|

| d) that are rehed upon to
i mi..igate accidents or are used
'

in plant emergency opera tmg
procedures (EOPs),

e) whose failure could prevent e) Non-Safety-Related SSCs e) Non-Safety Related electncal e) contami:
safety-related SSCs from whose failure could directly equipment whose failure could ad
fulfilhng their safety-rehted prevent any of the above could prevent satisfactory operatio
functions, or safety functions. accomphshment of the above S5Cs.

f) whose failure could uuse a safety functions.
reactor scram or actuanon of a
safety-related system.

All S5Cs rehed on in safety Certam post-acadent momtonng
analyses or plant evaluations to equipment.
demon-strate compliance with the
Comnussion's regulations for:

- Fire Protection
Environmental Qualification

- Pressunzed Thermal Shock
- Anticpated Transient w/o

scram
. Stanon Blackout

All SSCs subject to operabthty
requirements contained in the
facihty technical specification
limitmg conditions for operaton.
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fl:ti:nsMps with Rules Affccting SSCs

e Protedion Anticipated Iransient without Presunaed lhermal bhock Station Hlackout Appendix B
TR 50,$m48 SCRAM 10 CTR 50, $m61 10 CTR 50 66) Part 50
G ide 1.120 10 CTR 50 $50.62 Reg Guide 1.154 Reg Gulde 1.1%
echnical P sition Generic Letter 6128
MEB 9.5-1

d SSCs whkh are Safety-Related SSCs aswcLated with Safety-Related $5Cs of - Safety-Kelated SSCs Safety-Pelated Functum
o remam functional the reactor protecuon system which pressunred water reictors rehed upon to remain of SSCs
dlowtng design basis . are rehed upon to reinain relied upon for conta;nment, funcuanal during and
ute functional dunng and followmg i e., the reactor vessel. followtng a station

design basis events to ensure bladaut.

rity of the reactor a) the integnty of the reactor
kressure boundary, coolant pressure Niundary,
vihty to shut down b) the capabthty to shut down the
or and m intr.in it in reactor and matntam it in a saf<
utdown condition, shutdown condition, and

c) the capabthey to prevent or qe
aihty to prevent or nutigate the consequences of -

th> consequences of accidents that could result in M Ei Tl!IlE
. thit could result in potential offsite exposure
offsite exposure comparable to the 10 CG 100 b, .- M-
bl> to the 10 CG 100 guidehnes.
4.

Aho AvoiiDhle (h
tilated SSCs " ' ,A per!' re ' .

ig fee hazardf that
versely af fect tne
1of safety related Note: SSCs that prevent or

A rule containmg mitigate the
diesel generator consequences of
requirements is postulated accidents that

jpendme could cause undue nsk to
the health and safety of
the public.
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Table 71. Maintenance Rule Interrelationshig

'litle/5u 5;cd Maintenance Rule 30 C17150.65 ixense Renewal Lnytronment f ire 1%te
Draft NRC Reg Guide 10 CTR 54 Quahfication 10 CTR 50,

10 CTR 50,49 Reg Guide
Reg Guide L89 Branch Technic

OMEB 9
Requirements 1) Determine which SSCs are 1) Determme which SSCs are 1) lYepare a list of electric 1) Prepare a hst or

within the scope of the rule. within the scope of the rule. equipment important to safety within scope s'
2) Determine which SSCs will be tn a harsh environment (These wul be t

addressed by the auspicesof the
reqctremenis of 50.65(a)(1) pmgram.)
and those that will be
addressed under 50 65(ax2). For the fire protect 2

estabbsh QA/ main
For SSCs covered by se program
provtsions of 50 65(a)(1):
3) Estabhsh r,ppropnate goale (3.45) Demonstrate aprelated 3) EstaMi A perfo:

for plants, systems, trams, and degradation uruque to
certam components, license renewalis

addressed through an
effectve program.

4) Monitor perfor
4) Morutor the performance, mspection and

condition, and availabihty of
the SSCs,

5) Evaluate and trend the rmults 5) Evaluation corr
of the morutonng efforts in cnteria. Recorc
order to ensure that the
estabhshed goals are bemg
achieved,

6) Determme the root cause or 6) Idently SSCs that conTibute
causes of inabihty to meet an to the performance of a
established goal, unacceptable required function orif they
failure of a SSC, or unaccept- faih prevent av SSC important
able degradation of a SSC, to license renewal from

7) Take appropnate correcuve perfornung its function.
accon when goals are not met.

For SSCs covered by the
provisions
of 50.65(a)(2):

8) Estabhsh the basis for the 8) De,crtbe and justify methods
determmation that the fof SSC identification
performance or condition of includmg specinc cntena for
the SSC is bemg effectively determmmg and evaluatmg
controlled through the age-related degradation
performance of appropnate unique to license renewal.
preventive mamtenance,

9) Perform preventative
mamtenance actmues such
that unacceptable degradation
of performance, condition, or
availabihty is prevented to the
extent necessary, and
promptly detected if it should
occur,

10) If failures or unacceptable
degradations of SSCs occur,
take appropnate goal setting
morutonng, or corretuve
acuans.
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s with Rules Affecting SSCs (Continued)

16u2 . Antiopated Irannient without Presunsed t hermal bhock Station iliackout Appendia tl
2 48 SCRAM to CTR 50, Sm61 10 CTR 50 963 Part 50

1.120 10 CTR 50 Sme2 Reg Guide 1.154 Reg Gulde 1.156

! Position Genenc Letter ak28
41

~ iktermine the SSCs that are 1) Ikternune all SSCs 1) Lktermme all S5Cs 1) Identify SSCsall SSCs 1)
.his rule. witlun scope of this rule. within scope of this rule. within scope of this covered by the QA

ider the rule. program,

tre proicction
litabhsh a rehabthty program for
the reactor inp system (RIS) litabhsh a rehrbihty litabhsh a QA pagram

n system program for the with wntten pohoes.

mance emergency diesel pocedures, and
generators. Instructions

nance goals 3) Ikvelop numencal 3) litablish screening 3) litabbdi rehabihty 3) IXvelop goals and

performance standards cntena,i.e., a KINIJT goals acceptance cntena

includmg unavadabthey (referene - temperature
analysis for iul ducuhty

transition) for the reactor
vessels

sance through 4) Monitor performance and 4) Monitor Ril'IS 'or 4) Monitor 4) Morutor through
sung condinon of RIS by changes in propued performance inspections and 'est

maintenance, testing, and values through testmg and programs
survetilance surveillance,

alianct with 5) Evahiate trend results. 5) Evaluate projected 5) litabbsh control
results. Ril'15 to ensure measures to venly

compliance with the adequacy of
e Twning entena designs such ris

performing design
reviews.

6) Iktennine the cause of f.) Ur.e root cause b) iktermine the cause
challenges to the SSCs of the invesugauons and of significant
RTS root cause analysts conditions. g

to guide mam-
tenance program.

7) Take appropnate7) Take appropnate correcuve
measures to reduce challenges corrective acuans.

-

to the RTS

blii) litabhsh cntena for
determining acceptabthty of Ikn 3MF,

*restart
C.\RD ,

de on
Abo M Nut .,

9) litabhsh a preventative ApCflOW
mamtenance and survetllance
program

10) 17or a condinon
adverse to quahty.
take corrective
action
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Table 7-1. Maintenance Rule Interrelation

lide/but>;nt Maintenance kule .~JtJ R !c.66 Ocense kenewal Laviron ment l ir
Draf t NRC Reg Gukte 10 CTR 54 Qualification 10 C

10 CTR $0.49 Reg
Re. Nulde 1.99 Branch 1

O

Requirements } or au $$Ca w10un the ko[e of
(Conttnued) the Rule:
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when ivrfortrung
maintenance and
morutormg aetmtice to
determir.e the effect on
p<rformance of safety
iunctions,

12) As least-annual assunent 12) 1 ist of $5Cs wittun the score
e t W results of rnorutoring must be updated at lea..
and mamtenance actmties, annuaDy.

13) Lyaluate avetlable industry
orating expenence and
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ir L into the maintenance
and morutonng efforts.
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APPENDIX A:IINAL MAINTENANCE 11ULE

I
S 50.65 llequirements for monitoring the effectiveness of maintenance at nuclear power plants

I (a) (1) Each holder of an operating license under GS50.21(b) or 50.22 shall monitor the performance

or condition of structures, systems, or components, against licensee-established goals, in a

manner sufficient to provide reasonable asturance that such structures, systems, and

components, as defined in paragraph (b), are capable of fulfilling their intended functions.

Such goals shall be established commensurate with safety and, where practical, take into

account hidustry wide operating experience. When the performance or condition of a

structure, system, of component does not meet established goals, appropriate corrective

actions shall le taken.

(2) Monitoring as specified in paragraph (a)(1) of this section is not required where it has been

demonstrated that the perfornunce or condition of a structure, system, or component is being

effectively controlled through the performance of appropriate preventive maintenance,

such that the structure, system, or component remains capable of performing its intended

function.

i

(3) Performance and condition monitoring activities and associated goals and preventive

maintenance activities shall le evaluated at least annually, taking into account, where

practical, industry wide operating experience. Adjustments be made where necessary to
'

ensure that the objective of preventing failures of structures, systems, and components

through maintenance is appropriately balanced against the objective of minimtzing

unavailability of structures, systems, and components due to monitoring or preventive

maintenance. In performing monitoring and preventive maintenance activities, an

assessment of the total plant equipment that is out of service should be taken into account to

determine the overall effect on performance of safety functions.

I (b) The scope of the monitoring program specified in paragraph (a)(1) of this section shall

include safety related and nonsafety-related structures, systems, and components, as

follows:

(1) Safety related structures, sy>tems, or components that are relied upon to remain functional

( during and following design basis events to ensure the integrity uf the reactor coolant

I
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pressute boundary, the capability to shut down the reactor and maintain it in a safe

shutdown condition, and the capability to prevent or mitigate the consequences of accidents

that could result in potential off site e.pasure comparable to the 10 CFR Part 100
guidelines.

I (2) Nonsafety related structures, systems, or components:

(1) That are relied upon to mitigate acodents or transients or are used in plant

emergency operating procedures (EOPs); or

(11) Whose failure could prevent safety related structures, systems, and components

from fulfilling their safety-related functions; or

(iii) Whose failure could cause a reactor !. cram or actuation of a safety related system.

(c) The requirements of this section shall be implemented by each licensee no later thanI July 10,1996.

I
I
I
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APPL!NDIX D: GUIDANCE I(LQU!itLD llY IJCENSl?tS

SCOPE

15 the scope of the tnonitoring program required to include those nonsafety-related SSCs
- *

whose failures could cause actuation of a safety related systern, even if they are not

relied upon to miti; ate accidents or transients, are not used in plant EOPs, and theirl

failures could not prevent safety related SSCs from fulfilling their safety related

functions, could not cause a reactor scram, and could not initiate or adversely affect a

transient?

l'or what SSCs must the monitoring program provide reasonable assurance of capapility*

of fulfilling intended functions?

At what level mt it SSCs be monitored pursuant to (a)(1),if not excluded under (aX2)?*I If a SSC is included in the scope of monitoring only because it has a failure mode that*

could cause actuation of a safety-related system, must it be monitored in a manner

sufficient to provide reasonable assurance that it is capable of fulfilling its intended

functions?

ls the licensee required to monitor the overall effectiveness of maintenancef*

I GOAL.S

hiust the liceroce establish ;;oals for the performance or condition of each SSC being*

I monitored pursuant to (a)(1)?

Would a goal that is the same as a current criterion for performing corrective*

maintenance meet the requirements of the rule?

Would a goal that corresponds to a current level of performance or condition meet the*

requirements of the rule?

What criterion or criteria must the goals for performance or condition of a SSC satisfy*

to meet the requirements of the rule?

What determines whether the goals for a SSC are commensurate with safety?*

Under what circumstance is it possible to monitor the condition of a SSC against goals*

I that are commensurate with safety?

Can a single goal for the performance or condition of a SSC satisfy all of the criteria?=

hiust the licensee establish goals that are related to the risk of failures that could

prevent safety related structures, systems, and components from fulfilling their rafety-

I
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l

related function or whose failure could cause a reactor scram or actuation of a safety-

related system? '

hiust goals be based on PRAs?*

Must the licensee identify the current licensing basis of each SSC within the uope ofe

the rule?

In what respect or respects must goals take into account industry-wide operating*

experience?

May the parameters monitored against goals be the same as those monitored against*

criteria for perfo. ming corrective maintenance?

MONITOl(ING

I
Does periodic surveillance meet the requirement for monitoring a SSC7*

I What criterion or criteria must the frequency of periodic surveillance satisfy to meet*

the requirements of the rule?

Can monitoring provide reasonable assurance that the SSC is capable of fulfilling its*

intended functions even if established goals are not met?

Can established goals be met without the SSC tving capable of fulfilling its intended*

function?

For how much normal operating time must an operating SSC continue to operate in order.

to fulfill its intended function?

For how much time during and following a design basis event must a standby SSC*

continue to operate ;n order to fulfill its intended function?

Can an operating SSC be capable of fulfilling its intended function and yet fail to*

complete its intended function solely because of one or more internal failures?

For how much normal operating time must a standby SSC remain capable of operation ine

order to fulfillits intended function?

May the requirement for monitoring a component tv met by monitoring the system that*

contains the component?

I COllRECTIVE ACTION

Does repairing a SSC satisfy the requirement for corrective action when its performance*

or condition does not meet established goals?

What criterion or criteria must corrective action meet to be appropriate when the*

performance or condition of a SSC does not meet established goals?

I
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Would nuking goals less challengint; be appropriate corrective action when a SSC does*

not meet established goals?

Ilow soon must corrective action be taken?*

I l'ItEVENTIVE MAINTENANCE

For monitoring not to be required, how recently must it have been demonstrated that the*

performance or condition of a SSC is being effectively controlled ?

Can an operating SSC have its performance or condition effectively controlled such*

that it is capable of performing its intended function and yet fall to perform its
intended function solely because of one or more internal failures?

Does the lleensee avoid the necessity of monitoring SSCs for which it has demonstrated*

effective control of performance or condition such that the SSC remains capable of

performing its intended function?I What does the licensee save by demonstrating effective control of performance or*

condition?

EVALUATION

I
Must the required at ! cast annual evaluation include comparison of latest monitoring*

results with goals?

Must the required evaluation include redemonstration of effective control through*

preventive maintcaance?I Against what criteria must goals be evaluated at least annually?*

Against what criteria must performance and condition monitoring activities be*

evaluated at least annually?

Against what criteria must preventive maintenance activities be evaluated at least*

annually?

Must the required evaluation of monitoring activities include monitoring activities for*

predictive maintenance that are not pursuant to (a)(1)?

Must the required evaluation of preve..tive maintenance activities include activities on*

'g SSCs for which the licensee is not claiming to demonstrate cffective control?

|5 Is the licensee required to summarize the overall effectiveness of maintenance?*

|

I
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II ALANCING Oll]LCTIVES

Must adjustments be made at least annually where necessary to balance the objective of*

preventing failures against the objective of minimizing unavailability?

Must adjustments be made where necessary to balance the objective of preventingI
*

failures during all plant states against the objective of minimizing unavailability

during all plant states, including low power and shutdown states?

ls the licensee required to ensure that the objective of preventing failures through*

maintenance is appropriately balanced against the objective of minimizing
unavailability due to monitoring, even if the monitoring is not pursuant to (a)(1)?

15 the licensee required to ensure that the objective of preventing failures through*

maintenance is appropriately balanced against the objective of minimizing
unavailability due to preventive maintenance, even if the preventive maintenance is

not pursuant to (a)(2)7I ls the licensee required to evaluate the effectiveness of performance and conditien*

monitoring activities and associated goals and preventive maintenance activities with

respect to preventing failures?

Must the basis for balancing of the objective of preventing failures against the objective*

of minimizing unavailability be a PRA?

If evaluation demonstrates that the objective of minimizing unavailability due to a*

monitoring activity that is integrated with technical specification surveillance

requirements has been inappropriately emphasized relative to the objective of

preventing failures through maintenance, is the licensee required to adjust theI frequency . surveillance above that required by technical specifications?

If evaluation demonstrates that the objective of preventing failures through*

maintenance has been inappropriately emphasized relative to the objective of

minimizing unavailability due to a monitoring activity that is integrated with

technical specification surveillance requirements, is the licensee required to adjust the

| frequency of surveillance triow that required by technical specifications?

| If evaluation demonstrates that the objective of minimizing unavailability due to a*

preventive maintenance activity that is both pursuant to (a)(2) and a technical

specification surveillance requirement has been inappropriately emphasized relativeI to the objective of preventing; failures through maintenance, is the licensee required to

adjust the frequency of preventive maintenance above that required by technical
I specifications?

1 I
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I
If evaluation demonstrates that the objective of preventing failures throughe

maintenance has been inappropriately emphasized relative to th' object;ve of

minimizing unavailability due to a preventive maintenance activity that is both

pursuant to (a)(2) and a technical f.pecification surveillance nyuirement, is the licensee

required to adjur.t the frequency of preventive rnalntenance below that required byI technical specifications?

ASSI;SSMINT OF l'QUIPMINT OtJT OF SERVICE

15 the licens,ce ever required to take into account an assessment of the total plant*

equipment that is out of service?

Does the rule say that an assessment of total plant equipment out of service should le*

taken into account in performing monitoring activities that are not pursuant to (a)(1)?

Does the rule say that an assessment of total plant equipment out of service should le*

I taken into account in perforrning preventive maintenance activities that are not

pursuant to (a)(2)?

Does the rule say that an assessment of total plant equipment out of service should be.

taken into account in performing monitoring and preventive maintenance activities,

even when the plant is in a low power or shutdown state?

Does the rule say that the assessment of total plant equipment out of service should be.

performed at least annually?

Must an assessment of total plant equipment out of service be based on a PRA?-

I
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I
C.11NTRODUCTION

I
The Nuclear Rc;;ulatory Commission an ended its regulat'ons in 10 CIR Part 50, " Domestic Llu nsing of

Production and Utillration facilities," to add sn tion 50.65, entitled " Monitoring the Effectiveness of,

Maintenance at Nuclear Power Plants." diereafter,10 CFR 50.65 may be referred to as the

" maintenance rule * or the " rule.") The purpose of the maintenance rule is to require commercial nuclear *

power plant licensees to momtor the effectiveness of maintenance activities for safety related and

certain non-safety related structures, systems, and components in order to minimite the likelihood of

failures and events caused by the lack of effective maintenance.

Regulatory ;;uides are issued to describe and make available to the public methods acceptable to the

NRC staff of implementing specific parts of the Commissions regulations, to delineate tedmiques used

by the staff in evaluating specific problems or postulated recidents, or to provide guidance toI applicants. Regulatory guides are not substitutes for regulations, and compliance with them is not

required. Methods and solutioni, differeut from those set out in the guides will be acceptable if they

provide a basis for the fm ilngs requisite to the issuance or continuance of a permit or license by the

Commission.

I
This regulatory guide generally describes methods that are acceptable to the NRC staff for

I implementing the requirements of the maintenance rule. It must te emphasized that the methods

described herein are not the only acceptable method <. for implementing these requirements. Other

methods are acceptable if the staff finds that they meet the requirements of the maintenance rule.

Licensees are afforded flexibility in establishing and managing their efforts to meet the rquirements

of the maintenance rule. A variety of approaches to goal setting, monitoring, and preventive,

maintenance may be used by licensees.

Comments on this draft regulatory guide that are received after November 30,1992, may not be fully

addressed by the NRC staff because of the time constraints imposed by the commitment of the NRC

staff to issue the final Regulatory Guide by June 30,1993.

I
I
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I
C.2 DISCUSSION

C,2.1 liackgmund

The regulatory analysis and the backfit analysis for the maintenance rule both indicate that there is a lI clear link between ef fective maintenance and safety as it relates to such factors as the frequency of

events, challenges to safety systems and the associated need for availability and reliability of safety

equipment. Effective maintenance helps to ensure that failures are minimimi in non-safety related
1

structures, systems and components (SSC4 that could lead to an event or an accident, or that could

adversely affect safety system performance. Minimizing challenges to safety systems is consistent with

a defense-in-depth philosophy. Effective maintenance is also .important to ensure that design

assumptions and margins in the licensee's design basis are either maintained or are not unacceptably

degraded. Effective nuclear power plant maintenance is therefore cleark ',portant in protecting the

public health and safety.

I
The necessity for ongoing results-oriented assessments of maintenance effectiveness is indicated by the

fact that, despite significant industry accomplishment in the areas of maintenance program content and

implementation, plant events caused by the degradation or failure of plant equipment continue to occur

as a result of instances of ineffective maintenance. Operational events have tven exacerbated by or

have resulted from plant w]uipment being ur. acceptably degraded locause of poor maintenance practices

or because plant equipment was unavailable tecause of maintenanw activities.

C,2.2 Objective

The objective of this regulatory guide is to descrite an acceptable method for licensees to comply with

the maintenance rule by monitoring the overall, continuing effectiveness of their maintenance activities

- to ensure that:

1. Safety-related and certain non safety-related SSCs remain capable of performing theirI intended functions,

2. Assumptions about muipment reliability used in safety analyses, plant probabilistic

risk assessments, individual plant examinations, specific studies of SSCs, or other

studies used to confirm that a plant can continue to operat<. safely, continue to be valid,

1
The term SSCs will some,imes denote Structures, systems, et componentt

I
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3. Equipment failures that prevent the (ulfillment of safety related functions or cause

faults that result in SCRAMS or TRIPS or unnecessary challenges to safety related

systems will be mir' $ ired,

4. The reliability be . Is gained from performing preventive maintenance are
|

E
8Fpropriately balanced against the increase in risk resulting from removing equipment

5 from service to perfont nuintenance, and

5. The design margins that exist twcause of the availability and reliability of redundant

trains and components are not reduced by nuintenance activities or lack of maintenance.

I
~

C.2.3 Additional Discussion

I The details of a licensee's efforts regarding goal setting, monitoring, preventive maini;.ance, and

periodic assessments are not prescribed in this regulatory guide. Attachment 1 provides a glossary of

terms used in this guide, and illustrations are provided in the Attachments 2,3 and 4 for ptional
'

methods to meet the requirements of the maintenance rule.

The guidance in this regulatory guide is intended to focus on the effectiveness of the results of each

licensee's maintenance activities rather than on the specific processes. Effective maintenance does not

necessarily equate to additional maintenance or continuation of maintenance activities that are not

effective. Licensees should regard their ef forts toward goal setting and monitoring, that are described

in the following regulatory position, as potentially effective tools that can be used to adjust their

maintenance activities and focus on those items that actually need continued or augmented

maintenance. The intent is to encourage licensees to optimize maintenance activities with respect to

safety perfornunce of SSCs, even if that means [rrforming less nuintenance on some SSCs.

I
1.icensees are eyveted to find that their efforts to in pi; ment the provisions of the maintenance rule

will also be useful in meeting at least some of the requirements of the license renewal rule (10 CFR 54).

Aging concerns, which are a central focus of the limnse renewal rule, are routmely addressed through

the performance of maintenance activities. Therefore, the efforts or licensees to determine that theirI maintenance efforts are effective should also be useful in their efforts toward showing that an

established effective program exists for managing aging concerns. For example, ;,oals could be

established that would show that degradation (aging) of SSCs is controlled at an acceptable level.

Thus, monitoring efforts associated with particular goals, performed in ret ase to the maintenance

rule, would be directly applicable to showing that license renewal concerns are being properly
addressed.

I
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Licensees are not required, either by the rule or this regulatoiy guidance, to perform alternative or

additional sur teillance or testing beyond that required by the regulations or by licensee n>mmitments

unless results indicate that current surveillance or testing is inadequate. Typical examples of such

regula tions or licensee committncnts include:

I
1. Surveillance test and impections perfonned in accordanw with Section XI of the ASME

code as required by 10 CIR 50.55a.

2. Reactor pressure vessel material surveillance tests conducted in accordance with

Appendix 11 of 10 CFR 50.

3. Containment leakage tests perfornwd in accordance with Appendix J of 10 CFR 50.

4. Surveillance or testing required by plant technical specifications.I 5. Tests and inspections peiformed in response to NRC bulletins, generic letters, or

infonnation notices.

I
If the licensee's root cause analysis of a failure or unacceptable degradation of an SSC or the limnsee's

inability to meet a goal indicates that current surveillance or testin;; is inadequate, additional efforts

may be necesv ry. Also, temporarily enhanced testing or surveillance rnay be needed to determine the

effectiveness of corrective actions previously taken, in order to prevent recurrence of a failure or

unacceptable degradation of a SSC.

The activities described in the maintenance rule are schematically depicted in Figure 1.

I
I
I
I
I

1 'Ihc term "unacceptabic degradation" is used throughout this document and is meant to convey that
,g degradation of SSCs is to te espected and that degradation may be acceptable. The adjective ' unacceptable";g was added to allow licenwes flexiNhty in determinmg if and when any detected degradation nwds to bc

| addnwd.The point at which degradation becomes unacceptable is left to licensws to determine based on
cheir particular twds regarding the performance, condition and availabFty of S$Cs.,

| I-
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C.3 REGULATORY POSITION

I C.3.1. General Description and Summary of Regulatory Position

'the approach described in this regulatory guide represents one method acwptable to the NRC staff for

complying with the requirements specified in the maintenance rule. Other approaches may also be

found to le acceptable. The approach descriled in this regulatory guide is intended to offer licenwes

flexibility in establishing and modifying their goal setting, rnonitoring, and preventive maintenance

activities.

I The actions taken to comply with the maintenance rule need not conflict with current testing and

surveillance activities (e g., surveillance testing under technical specificat!on requirernents). Many

existing activities may be integrated with goal setting, monitoring, and assessment activities. These

existing activities can also provide a basis for establishing goals and monitoring SSC performance,

condition, and availability.

I
in general, each licensee is responsible for taking the following actions:

1. Determine which SSCs at each nuclear power plant are within the scope of the
maintenance rule.I

2. Select those SSCs to be governed by the requirements of 50.65(a)(le and thow SSCs that

will be considered except; .s and addressed under the requirements of 50.65(a)(2).

3. For SSCs covered by the provisions of 50.65(a)(1):

a) Establish appropriate goals for plant, systems, trains, and certain components.

Monitor the performance, condition, and availability of the SSCs.

c) Evaluate and trend the results of the monitoring efforts ir, order to ensure that

the established goals are being achieved.I d) Detennine the cause or causes of inability to rneet an established goal, and root

cause of critical component failure or unacceptable degradation of a SSC.

Particular attention should be paid to generic or common cause failures.

c) Take appropriate corrective action when goals are not met.

I
4. For SSCs covered by the provisions of 50.65(aX2):

I
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I
a) Establish the bases for the determination that the performance or condition of

the SSC is being effectively contr_Iled during the relevant service life or

required period af operation, through the perfortnance of appropriate

preventive maintenance such that the SSC remains capable of performing its

intendal function.I b) Perform preventive maintenance activities such that maintenance preventable

failures or uru xeptable degradation of performance, condition, or availability

are prevented to the extent necessary, and promptly detected if they should

awr.
c) If failures or unaccer%ble degradations of SSCs occur, that could have been

prevented by appropriate maintenance, take appropriate goal setting,
monitoring, or corrective actions. Monitoring activities should continue until the

root cause of the problem has been determined and the adequacy of the SSC's

performance, condition, or availability has been confirmed.

d) Licemees should set goals and take subsequent monitoring actions, band on

plant or industry experience with like or similar SSCs, if maintenance

preventable failures could le reasonably expected to occur.

5. For all SSCs within the scope of the maintenance rule, the provisions of 50.65(a)(3)

require that licensees:

a) Evaluate, at least annually, monitoring activities, goals, unacceptable

degradation and failures of SSCs, along with corresponding corrective actions,

and make adjustments as appropriate.

I b) Evaluate, at least annually, the effectiveness of preventive and corrective

maintenance activities, and make adjustments as appropriate.

c) Evaluate, at least annually, the balance between unavailability of SSCs due to

maintenance and the reliability gained from performing maintenance actions,

and make adjustments as newwary.

d) When scheduling maintenance or monitoring activities, assess the cumulative

effect of equipment that is out of service in c.rder to determine the effect on

performanw of safety functions.

e) Evaluate applicable industry operating expe<ience and dfectively incorporate

the results of this evaluation Eto the maintenance .md :nonitoring efforts.

iI
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I
The at least annual assessment of the results of monitoring and maintenance activities,

along with prompt evaluation of rnonitoring activity results, are considered ,

particularly important to evaluate overall maintenance effectiveness.

The above descrital actions are discussed in the following sections of the regulatory position.

Much of the rnaterial that follows may be regarded as instructional rather the prescriptive. The

exarnples should be regarded as illustrative. The NRC will be concerned with results, in te.~ms of
I
'

maintaining or improvin;; performance, condition, and availability of SSCs within the scope of the

rule. The specific detalls of each licensees program for goal s.etting, monitoring and feedback are not

particularly important if the results are salidactory.

I C.3.2 Swpc

I As stated in 50.65(b), the scope of the monitoring activities specified in 50.65(a)(1) includes safety-

related and non-safety-related SSCs, as follows:

1. " Safety-related structures systems, or comporients that are relied uport to rernain

functional during and following design basis events to ensure the inte;;rity of the reactor

coolant pressure boundary, the capal:ility to shut down the reactor and maintain it in a

safe shutdown condition, and the capability to prevent or mitigate the consequences of

accidents that could result in potential offsite expsure comparable to the 10 CIV part

100 guidelines."

2. "Non safety related structures, systems, or components:"

a) "That are relied upon to mitigate accidents or transients or are used in plant

emergency operating proced ures (EOPs); or"

b) "Whose failure could prevent safety-related SSCs from fulfilling their safety.

related function; or"
'

c) "Whose failure could cause a reactor scram or actuation of a safety relatedI system."
|

|

I
I
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I
C.3.3 Criteria for Initial Application of 50.65(a)(1) or (a)(2)

In general, SSCs within the scupe of the maintenance rule should le placed under the

provisions of 50.65(a)(1) unless certain criteria are satisfied. These criteria are more

stringent for systems and certain components, as described in the following paragraphs.I
All systems within the scope of the maintenance rule should be placed under the

promions of 50.65(a)(1), except that systems that meet criterion 1 below may be placed

under the provisions of 50.65(a)(2).

I
Safety related components (50.65(b)(1)) and non safety related components whose

failure could prevent safety-related SSCs from fulfilling their safety related function

(50.65(b)(2)(li)) should be placed under the provisions of 50.65(a)(1), except that such

of those components that meet criterion 1 telow may be placed under the provisions ofI 50.65(e)(2).

Non safety related components that are relied upon to mitigate accidents or transients

or are used in EOPs (50.65(b)(2)(1)) and non safety related components whose failure

could cause a reactor scram or actuation of a safety-related cystem (50.65(b)(2)(lii))

should be placed under the provisions of 50.65(a)(1), except that such of those

components that meet criterion 1 or 2 below may be placed under the provisions ofI 50.65(a )(2).

Structures and passive components (assuming diat such passive components would not te

included above) within the scope of the maintenance rule should be placed under the

provisions of 50.65(a)(1), except that structures and passive ecmponents that meet

criterion 1 or 2 below may be placed under the provisions of 50.65(a)(2). Examples of

passive components include ventilation ducts, pipe supports, electrical cabinets, fire

barriers, electrical cables, certain piping, and certain valves.

I The following criteria are to be applied, as noted above, for initially placing SSCs

under the provisions of 50.65(a)(2);

I
3
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1. A history of effective maintenance exists for a period of at least three
surveillance cycles or one evaluation cycie (50.56(a)(3)), whichev r is longer.I

Effective maintenance is demonstrated by acceptable performance, condition,

and availability of the applicable SSCs.

I If failures, unacceptable deg;radation, or unacceptable unavailability of like or

similar SSCs are noted or observed, acceptable performance, condition, and

availability of the particular SSC might need to be demorWrated over a longer

perkid,in order to ensure the necessary level of confidence.

2. Failure, unacceptable degradation, or unacceptable unavailability of a

particular structure or component is determined to be of low risk significance.

'ihis determination should be made usin;; a formal assessment method such as

one of the two methods described in NUREC/CR 5695, dated March 1991,"A

I Process for Risk-Focused Maintenance." Other deterministic or risk based

methods rnay also le found to be acceptable for such an evaluation.

C.3.4 Licensee Established Goals 50.65(a)(1)

C.3.4.1 Goal Setting In General

Goals for SSCs and the plant are to be established and _djusted by licensees. Goals should be

commensurate with the SSC s importance to safety.

Goals for SSCs should le established to ensure that:

1. The high degree of reliability and availability for risk-significant systems, as

required by the NRC or assumed by the licensee in the design basis,is maintained, and

the assumptic. J in the plant specific probabilistic risk analysis (PRA),

if surveillances of particular SCs are performed at quarterly or more frequent intervals (monthly, weekly,
etc.), the nnxi to wait until the end of the evaluation cycle in order to make a determination that maintenance
is effwtive could result in an unnecessary burden to licensees. In such caws, it is recommendal that
licensect make an initial determination of the number of surveillances needal to estabilsh that maintenance
in effective for the SSC. The licenwe's decision would then be validated over time by the satisfactory
performance, condition and availability of Oc SSC, or the number of surveillances previously chosen to
establish maintenance effectiveness would be adjusted.

C-10
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- ...dividual plant examination (IPEt'or individual plant examination for external

events (IPEEE) are maintained,

2. The design margin established through the use of redundant, reliable, and available

components and trains is not significantly re<luced, and

3. The frequency of challenges to safety systems is minimized.

Goals might be set as minimum values or as mexwum values, depending on the application. Where

appropriate, licensees should incorporate alert set points in their goals that provide an early warning

that goals might not te met.

I
The nuintenance history of SSCs may be helpful in developing goals. Such evaluations could include:

-

1. A review of plant specific SSC Jailure, degradation, and unavailability data, and .,

t 2. A review of generic (industry-wide) ESC failure, degradation, and unavailability
data.

Licenseem may consider sources for goals based on SSC nerformance, condition and availability, as

required by xisting licensing commitmem : sical specification surveillance requirements.*

Other sources for goals could include the American Society of Mechanical Engineers (ASt 9' Holler and

Pressure Vessel Code, Sections 111 and XI, the Institute of Electrical and Electronic ; .g ,. ers (IEEE)I Criteria for " Protection Systems for Nuclear Generating Stations", IEEE-279, for applicable systems,

American Nuclear Society (ANS) standards, and other applicable industry standards.
_

Upon failure to attain a goal that is dependent on subordinate system or component performance,

appropriate goals might be established for the system or component that was found to have caused the

failure io meet the higher level goal.

I
Goals may be limited to a specific SSC even it like or similar SSCs exist with similar functions, in such

cases, an dequate basis should be etablished to support the choice of the particular SSC forI monitonng and the exclusion of the others.

Goals should be estar!ished as appropriate and as discussed below for:

1. Overall plant performance,

2. Systems or trains, as appropriate.

I
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| 3. Structures that, without monitoring, could degrade unacceptably or fail, and

4. Components, as described in section C.4 A.

I C.3.4.2 Plant Performance Goals

3 Plant performance goals are expected to provide feedback to . ;ensees concer x 1 overall

effectiveness of their maintenance efforts. Some of these high level goals should be pi a o .ed on and

related to the success of lower level goals. Plant PRAs, IPEs, or other risk analyses should be used in

formulating plant performance goals.

Overall plant performance goals could provide a measure of plant risk due to initiating events. Goals

related to maintaining low fregt.ency of challenges to safety systems may be stated in terms of a goal for

number of unplanned automatic SCRAMS or TRIPS and safety system challenges.

- Goals may also be based on indicators of performance similar to those currently recognized by the NRC,

insurance providers, public utility commissions, or industry organizations, as appropriate.

I
C.3.4.3 System or Train-Level Goals

I
These goals should be based on system or train performance, condition, and availability (or
unavailability if desired).

_ I
Coals should be established for safety-related systems and trains, and for non-safety-related systems

that are important contributors to, or causes of, safety-related system challenges, SCRAMS, or TRIPS.
m

An unavailability or availability goal is a preferred ap{ roach for trains of safety-related systems. If

a system goal is used, a method of analyzing the aggregated results should be established, so that the

performance and availability of the individual trains can be evaluated. See the last paragraph of

section C.7.1 for additional guidance.

System or train failure data, power generation system failure data, industry indicators of systemI performance, or other measurable quantities that express the goals of maintenance legarding system
r

performance could be used in developing goals.

System or train goals should be consistent with the values for reliability and availability assumed in

plant rith analyses.

I -
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I
Train level goals nuy be needed if there are variations in the reliability or availability of individual

trains such that maintenance related problems in one train are masked by acceptable system reliability

resulting from the presence of redundant trains. This situation may be especially applicable to systems

with more than two trains. This issue is addressed in the cumple provided in Attachment 3.

At least one system-level goal should deal with results of surveillance of the integrity of the reactor

coolant pressure boundarj- (RCPB). Such a goal should encompass all of the components that comprise

the RCPB, such as the reactor vessel, piping, steam generator tubes, safcP/ and/or relief valves, and

the reactor coolant pump seals.

I
C.3.4.4 Goais For Structures

I It would be expected that most plant structures would fall under 50.65(a)(2) (see section C.6), however,

such nuy not always be the case. Goals for structures could reflect such situations as a maintenance

I preventable failure, or the discovery of an unacceptable condition, or the discovery of deterioration

bethat could lead to an unacceptable condition. Such situations might be plant-specific or they -

based on industry experience,

The purpose of structure-related goals would be to ensure that the structure remains capable of

performing its intended f unction for its remaining lifetime. Such goals might refer to such considerations

as limits for settlement, deflection, or mechanical impact on other SSCs.

t

C.3.4.5 Goals for SSCs Used in Emergency Operating Procedures (EOPs)

Licensees should establish goals for SSCs identified in EOPs commensurate with their importance to

safety. Goals need not be established for those SSCs that are identified in EOPs but that do not require

any maintenance or for which the licensee is not responsible for maintenance.

I
SSCs identified in an an EOP may be associated with goals previously established to ensure that SSC's

acceptable performance, condition, or availability. For example, a loss of off-site power EOP requiresI the use of emergency diesel generators. However, if the emergency diesel generators are already

monitored against F see established goals, additional goals might not be needed.

I
I
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C.3.4.6 Goals for Components or Classes of Components

Normally, goals would be expeend to be set at the plant, system, or train level because of the

complexity that is involved in setting goals for large numlers of components. Ilowever, licensees should

set goals for the following components (or classes of components):I
1. Risk-significant components,

2. Components that have been the cause of SCRAMS or TRIPS, or have been directly

associated with the causes of challenges to safety systems, and

3. Components that failed, unacceptablv degraded, or had unacceptable availability

such that another goal was not met.

Goals for components or classes of components should be based on performance, condition and

availability relative to the intended function of the particular component.I
C.3.5 Monitoring SSCs (50.65(a)(1))

C.3.5.1 Monitoring In General

I
Monitoring of performance, condition, and availability as applicable, should be pcrformed for all SSCs

identified as being within the scope of 50.65(a)(1).

If a failure or unacceptable degradation of an SSC is likely to result in the loss of an intended function,

monitoring efforts should be predictive, to the extent practical, in order to provide timely waniing._

Review of plant and industry date might provide a m thanism for predicting failure, unacceptable

degradation, generic failures, common cause failures, or unacceptable availability that could occur in

the future. This information may be useful to licensees for the setting of goals as well as determining the

extent and frequency of monitoring.

if practical, monitoring efforts should be designed so that licensees can recognize and correct generic orI common cause maintenance related failu:es or unacceptable degradation of SSCs. Licensees should be

aware of similarities between SSCs that could tw affected by maintenance practices.

Monitoring results should be analyzed in a timely fashion to ensure that goals will be met. See section

C.5.7,

3
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I
The frequency of monitoring can vary. Monitoring frequency may be either time airected, or based on

performance or condition. The frequency of monitoring may be initially established as that currently

required by existin 3 surveillance requirements currently being performed, Subsequently, monitoring

frequency would be varied, based on the ability to meet goals.

I Experience gained from monitoring efforts may form the basis for requests f rom licensees to modify their

technical specifications or other documented obligations.

The extent of monitoring may vary depending upon the type of goals established, the expected

availability of the SSC, its safety or functional importance, the quality of information, and previous

trends.

I Monitoring efforts should provide a means for determining the effectivenen of previous corrective

actions.I
C.3.5.2 Monitoring at the Plant Level

Monitoring Oforts at the system and component level should be aggregated and analyzed to ensure that

plant goals are met.

C.3.5.3 Monitoring of System or Train Performance, Condition and Availability

Licensees should monitor the performance, condition and availability of systems or trains within the

scope of 50.65(a)(1) to ensure that applicable goals are met.

System or train performance and condition may be monitored by utilizing existing surveillance

procedures providing that the data collected using these procedures addresses the specific system or

train goals.

For systems where maintenance of pressure boundary integrity is important to safety, licensees should,

monitor the condition of system or train pressure boundary integrity, as well as performance and

availability, to ensure that the licensee's established goals will be met.I
Licensees should monitor system or train availability if applicable. Train availability should be

monitored, as needed, to detect difterences in individual train availability. This is particularly

important for those risk-significant systems for which it is necessary to recognize declining

I
,
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availability (for example, systems whose trains are unavailable relatively of ten, such as auxiliary

fwd water and diesel generators).

C.3.5.4 Monitoring the Condition of Structures

I Structures that fall to meet the criteria for inclusion under the provisions of 50.65(aX2) should be

_ monitored against licensee established goals for failure or unacceptable degradation in order to ensure

that goals will te met.-

Such condition based monitoring may include activities such as non-destructive examination, visual

inspection, vibration monitoring, deflection monitoring, thickness monitoring, corrosion monitoring, or

other monitoring methods that the licensee may choose.

The frequency of monitoring should be sufficient to provide adequate data to indicate trends ofI degradation and thus allow sufficient time to take corrective action.

I
C.3.5.5 Monitoring SSCs Used for Emergency Operating Procedures

I
EOP equipment within the scope of 50.65(aX1)is expected to be monitored during normal operation, as

applicable. The focus of monitoring should be to ensure that deficiencies that could be significant duringI emergency conditions are highlighted and corrected in a timely manner, prior to the SSCs being

required to function, and such that the licensee's established goals are met.

Monitoring is expected to be commensurate with the significance of the equipment to accomplish the

EOP function.

I
C.3.5.6 Monitoring Component Performance, Condition, and Avallability

I 1. Early detection of maintenance preventable generic or commor. cause failures,

2. Performance characteristic data that describe the ability of the component relative to

its design function e.g., flow data, pressure data, pump head data, temperatures,

vibration data, current data, hysteresis data, and other parameters that can indicate

incipient unacceptable degradation of a component,

I
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I
3. Failure or degradation data on specific equipment, including consideration of industry-

wide sources for generic failure or degradation data, feedback from other programs such

as design studies, original equipment manufacturer's information, root cause analysis

programs, reliability-centered maintenance (RCM) programs, and equipment inservice

examinations,

I 4. Characteristics of degraded performance of equipment as measured through non-

destructive examination, oil or grease analysis, vibration analysis, ultrasonic analysis,

infrared analysis, thermographic analysis, eddy current and acoustic analysis, and

electric continuity analysis, and

5. Unacceptable loss of availability due to tests, surveillance, repairs, or preventive

maintenance activities.

I C.3.5.7 Timely Evaluation of Monitoring Results

In addition to the at-least-annual evaluation of monitoring and maintenance activities, licensees

should evaluate the results, after the performance of the monitoring tasks, in a timely fashion

commensurate with safety and compare the results with established goals.

If it is discovered that any goal is not met, an evaluation should be performed and appropriate, prompt,

and effective corrective action must be taken (see section C.8). Licensees should also look ahead and

determine if, based on their evaluation of trends, a goal will not be met by the end of the n,xtI evaluation period. If such is the case, appropriate evaluation or corrective action should be planned.

For example, the need to trend data, in order to predict if goals will be met in the future, can be seen

when one considers safety-related mitigating systems. Probabilistic risk assessments usually predict

that these systems will have a train unavailability of somewhere between 0.02 and 0.1. Some '

equipment is tested only quarterly (e.g., / SME pump and valve tests). A failure of me compcment on a

quarterly basis cocid, by itself, result in a calculated unavailability of about 0.17 fo a particular train

for the entire year. Therefere, if the train goal is to be met, individual componer performance should

be trended in order to identify problems before component failure occurs.I
The licensees evaluation of monitoring results if a goal is not met or if it appears that a goal will not be

met, should address the following:

I
I
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1. The safety significance of failure. In particular, a prompt review should be undertaken

if there is a failure of a component or a train that is expected to have a very high

reliability (e.g., scram breaker, safety-related pipe, etc.).

2. The SSC's maintenance history including trends of previous failures, corrective actions,

previous root cause determinations, pertinent industry data, surveillance information,I original design and application data, availability and reliability data, as applicable.

3. The importance of the SSC's function, its relative risk associated with its removal from

service during each mode of operation including shutdown,i.e., what is the best time to

make the SSC inoperable.

4. Cencric or common cause implications of similar or identical failures on other SSCs.

5. Pre.'entive maintenance tasks that could address the most probable or risk-significant

failure modes and generic or common cause considerations, as applicable.

6. Frequency of preventive maintenance, either time- directed or wndition based, and the

basis for the schedule.

7. Availability of the SSC.

8. Assessment of those actions that might be accomplished to increase the SSC's

reliability while simultaneously maintaining or increasing it's availability, as

applicable.

I
C.3.6 Activilles Governing the SSCs Selected for Inclusion Under 50.65(a)(2) As An Alternate

Approach to Goal Setting and Monitoring

SSCs may be maintained under the guidance provided in 50.65(aX2)if:

1. The criteria of section C.3 of this regulatory guide have been satisfied, and

2. It is demonstrated that the performance, condition, and availability of a SSC is being

effectively controlled through the performance of appropriate preventive maintenance

such that the SSC remains capable of performing its intended function.

|

| Licensees should determine that an acceptable history of satisfactory performance, condition, and
i availability exists for those SSCs that are to be maintained under the provisions of 50.65(aX2).

Systems that have been selected for inclusion within the scope of 50.65(a)(2) but that experience

unacceptable unavailability or unacceptable degradation at the system or train level should promptly,

be subjected to the provisions of 50.65(aXI).

,
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I
Safety-related components (50.65(b)(1)) and non-safety related components whose failure could

prevent safety related SSCs from fulfilling their safety-related function (50.65(b)(2)(ii)) that have

been selected for inclusion within the scope of 50.65(a)(2) but that experience unacceptable

unavailability, unacceptable degradation or any maintenance preventable failures should promptly be

subjected to the provisions of 50.65(a)(1),I
Non-safety related components that are relied upen to mitigate acridents or transients or are used in

EOPs (50.65(b)(2)(1)) and non-safety-related components whose failure could cause a reactor scram or

actuation of a safety-related system (50.65(b)(2)(iii)) that have been selected for inclusion within the

scope of 50.65(a)(2) but that experience unacceptable unavailability, unacceptable degradation or any

maintenance preventable failures should be subjected to root cause analysis as described in section C.8.2

and placed under the provisions of 50.65(a)(1)if the results of the root cause analysis so indicate.

Structures or passive components within the scope of the maintenance rule that have been selected forI inclusion within the scope of 50.65(a)(2) but that experience unacceptable degradation or any

maintenance preventable failures should be subjected to root cause analysis as described in section C.8.2

and placed under the provisions of 50.65(a)(1)if the results of the root cause analysis so indicate,

A SSC may be returned to the provisions of 50.65(a)(2) after having been subjected to the monitoring

requirements of 50.65(a)(1) when:

'

1. A root cause analysis of failure, unacceptable degradation, or unacceptable

unavailability has been completed, and corrective actions implemented, as necessary,

and

2. A demonstrated history of effective maintenance has been established, for a period of

at least three surveillance cycles or one evaluation cycle (50.65(a)(3)), whichever is

longer.I Effective maintenance is demonstrated by acceptable performance, condition,

and availability of SSCs. If failures, unacceptable . degradation, or unacceptable

unavailability of identical or similar SSCs is observed, or has been previously

experienced, demonstration of acceptable performance, condition, and availabilit/ ofI the particular SSC over a longer period should be expected, in order to achieve a

higher level of confidence.

I 1 % footnote 4.

I
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3. As an alternative to 1 and 2 ateve, a technical evaluation indicates that a structure or

component is of low enough risk-significance such that failure, degradation, or

unavailability can be tolerated. This evaluation should be made using a formal

asserment rnethod such as one of thc two methods described in NUREG/CR-5695, dated

March 1991, "A Process for Risk-Focused Maintenance " Other rNterministic or riskI based methods may also be found to be acceptable for such an evaluation.

This alternative does not apply to systems within the scope of the maintenance rule,

safety related comp (ments, or non-safety-related components whose failure could _-

. prevent safety-related SSCs from fulfilling their safety-related functions.

Effectively controlled preventive maintenance should include, as applicable:

1. Periodic maintenance based on time or condition, replacing, servicing, inspection, andI testing,

2. Predictive maintenance, inspection, and testing,

3. Root cause analysis and trending of failures or unacceptable degradation,

4. Evaluation and feedback of testing and suiveillance results to the preventive
maintenance activities,

5. Corrective maintenance, performed as part of normal periodic maintenance, repair,

overhaul, or replacement, as necessary, andI 6. Post-maintenance testing.

C.3.7 At Least Annual Evaluation of Maintenance Activities, Goals, and Monitoring Activities

(50.65(a)(3))

I
C.3.7.1 At-Least-Annual Assessments in General

I
At least annually, each licenwe should perform an integrated evaluation of the results of monitoring

I and maintenance activities. Licensees should consider plant maintenance and monitoring results of the

previous 12 months, pertinent industry experience data during that same period, results from previous

plant evaluation cycles, and pertinent historical industry data.

The scope of evaluation of the goals, monitoring, and maintenance activities includes SSCs under the

provisions of both 50.65a(1) and 50.65(aX2).

I
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I
The purpose of the at-least-annual evaluation is to assess the effectiveness of maintenance, tronitoring,

and goal setting activities so that any necessary adjustments can be made.

I
Adjustments may need to be made to goals, and should be made to monitoring activities or maintenance

activities if goals are not met, or if it can reasonably be expeckd that goals will not be met. Any

modifications that are made to maintenance activities should be done within the constraints of existing .

regulations and licensee commitments.

Alternatively, in those cases where goals are met, licensees might choose to modify, expand, or

eliminate goals, monitoring activities, or maintenance activities within the constraints of regulations

or licensee commitments, in order to improve the efficiency and effectiveness of their maintenance

efforts.

It is understood that many licensees do not complete a full cycle of maintenance activities in one year.I Nevertheless, licensees must make the evaluation on a yearly basis as required by the maintenance

rule. In such cases, licensees should consider previous cycles of evaluation as well as historical data in

order to provide a complete picture of their monitoring and maintenance activities. It should not be

inferred that licensees need to change the schedule of maintenance, surveillance, testing, or monitoring

activities in order to complete their annual evaluations.

These at-least-annual assessments should address:I
1. The success of monitoring activities in relation to meeting established goals,

2. The success in identifying and promptly correcting generic or common cause failures,

3. The maintenance preventable unavailability or unreliability, during the assessment

period, of SSCs relative to that reliab;lity and availability assumed in the plant risk

analysis,

4. The effectiveness of maintenance activities in relation to meeting the licensee's

established goals,

5. Monitoring and maintenance actions that can be taken to improve or ensure SSC
'I reliability, while simultaneously balancing or even decreasing the unavailability if

the SSC is removed from service for monitoring or maintenance,

. 6. SSC failures, and detected unacceptable degradations

7. Industry-wide operating experience related to failures or unacceptable degradations

experienced by the licensee, and

I
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I
8. The licensee's evaluations of monitoring results described in section C.S.7 of this

regulatory guide.

I
Individual components of certain systems or trains may fall under the provisions of

50.65(a)(2) even though the system in which the component is installed is under theI provisions of 50.65(a)(1). The licensee's evaluation of whether the system or train goals

were met, in accordance with 50.65(a)(3), should consider the unavailability, failure,

and unacceptable degradation of such components even if the components are under the

provisions of 50.65(a)(2).

I
C.3.7.211alancing R-liability and Unavailability

I The provisions of the maintenance rule require that adjustments be made to goals, monitoring activities

or maintenance activities where necessary to ensure that the objective of preventing failures of SSCr isI appropriately balanced against the objective of minimizing unavailability of SSCs because of

monitoring or preventive maintenance.

This balance can be achieved by:

I
1. Ensuring whaHlity, as stated in plant risk analysis, Final Safety Analysis Report or

other sources, by the use of effective maintenance practices,

2. Evaluating the reliability and availability (ar unavailability) of SSCs,

.L Scheduling the amount, type, or frequency of preventive maintenance to ensure that the

time out of service is acceptable, while maintaining reliability (for example,

performing additional condition monitoring instead of removing SSCs from service for

preventive maintenance), and

4. Focusing maintenance resources on those failure modes that are critical to SSC

reliability.

in the annual assessment, licensees should consider two issues regarding the need for , and scheduling of,I maintenance. One issue involves licensees k>oking back and assessing maintenance history to determine

if maintenance, particularly preventive maintenance, is appropriate. The second issue, discussed in

section C.9, involves licensees k>oking ahead when scheduling maintenance and assessing the merits of

the strategy for scheduling multiple simultaneous equipment outages.

I
C-22



I.

I
Assessing how much maintenance is appropriate involves considerations such as balancing the amount

of time, as well as the schedule, that a SSC is out of service due to maintenance, against the likelihood

.
that maintenance errors will cause SCRAMS or TRIPS, or challenges to safety systems.

Balancing reliability and unavailability could be enhanced by reviewing preventive maintenance

tasks or monitoring activities, determining the bases for the type and frequency of maintenance,

examining maintenance and failure rate history, and evaluating the results. Based on the results of such

actions, maintenance tasks could be initiated, increasect, adjusted, or deleted.

C.3.8 Corrective Actions

C.3.8.1 Corrective Actions In General

Timely corrective ac"on is to be taken if goals are not met. Such action should include an appropriateI root cause analysis to determine why the goal was not met.

The at-least-annual assessment of goals, monitoring, and preventive maintenance act vities should

provide indications of the appropriate corrective actions to be taken to preclude recurrence of failure to

meet goals and actions to appropriately balance reliability and unavailability.

If significant deviations are noted from the assumptions used in or the expected results of plant risk

analyses, such information should be reflected in the plant risk analysis and specifically addressed in

the annual evaluation. In such cases, licensees should determine whether an assessment is needed to

justify continued operation of the plant.

The at-least-annual evaluation of goals, monitoring activities, and maintenance activities i

considered most important because it provides an indication of the overall effectiveness of maintenance

at the facility. The annual assessment is central to the objective of monitoring the effectiveness of

maintenance. The evaluation of the feedback from the evaluation of goals, monitoring activities, and

maintenance activities provides an indication of where improvements should be made.I
C.3.8.2 Root Cause Analysis

Root cause analysis should be performed promptly after any of the following:

I
1. Single occurrences of the following:

|I
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a) Failure to meet a goal,

b) A failure of a risk significant SSC,

c) A common cause failure of SSCs,or

d) A significant plant event.

2. Repetitive occurrences (within one year) of:

a) Generic or common cause failures of the same or like SSCs monitored under

50.65(a)(1),

b) Failures, unacceptable degradation, or adverse trends within the same system,

c) Failure to meet a goal,

d) Maintenance related human errors resulting in SSC failures,

c) Cumulative poor overall component, system, or train performance, conditim, or

availability, or

f) Plant events in a single area of performance, condition, or availability of SSCs.

I
Root cause analysis should be performed in sufficient detail commensurate with the safety significance

of the SSC as well as the potential for common cause failures.

A detailed analysis should be performed if a failure was catastrophic or without warning. A more

simplified analysis may be performed if warning of failure or signs of unacceptable degradation appear

in advance of failure However, the cause which allowed the degradation or failure signs to persistI without timely corrective actions should be addressed in addition to the failure mechanism.

Root cause analysis is discussed and illustrated in Attachment 4.

.
C3.83 Short Term Corrective Actions of Routine Evaluation Results

Corrective actions for the most apparent cauw of failure or unacceptable degradation should be pursued

in a timely fashion after the unacceptable condition is recognized. These actions should be documented

and trended to ensure their effectiveness. Actions shot.ld be taken to restore the SSC to its requiredI capabilities, including reliability and availability. The SSC should then be tested, if appropriate, to

verify its function and characteristics.

If returning the SSC to its required capabilities is not economically justified or is not technically

- feasible, and a root cause analysis has not been performed, then compensatory measures (e.g.,

additional monitoring or testing) should be implemented Compensatory measures should remain in

I
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effect until the licensee is confident that the corrective actions taken will be effective and the root

- cause or causes have been identified and corrected.

I
Actions that may have been taken for repetitive or reasonably similar failures and for which the

previous corrective actions were not effective should be subjected to a management review to ensure that

the correct root cause is adequately addrest.at prior to returning the SSC to service.

C.3.9 Assessment of Out-of Service Equipment On Plant Safety Functions (50.65(a)(3))

Licensees are to assess the cumulative impact on plant safety functions prior to equipment being taken

out of service for maintenance. Assessing the cumulative impact of out-of-service equipment on the

performanw of safety functions,is intended to minimize the amount of time that the plant is placed in

risk-significant configurations. This assessment is to be performed routinely for each mode of operation,

up until such time that all fuel is removed from the site.I
Adjustments to surveillance, testing, and maintenance may be indicated by these assessments. These

adiustments may be more demanding than current regulatory requirements or licensee commitments, or

alternatively, may form the bases for modified or reduced maintenance activities or for requests for

reduced regulatory requirements. In those instances when a current regulatory requirement or licensee

co.nmitment is not involved, licensees may decide to reschedule, modify, augment, or curtail

maintenance activities, based on their assessments of the effect on plant safety. In those instances when
-

a regulatory requirement or licensee commitment is in potential conflict with a desired adjustment,

based on licensee assessments with regard to surveillance, testing, or maintenance, the NRC should be

informed and a change requested.

. The continuous assessment doc not necessarily require that a quantitative assessment of probabilistic

risk be performed. The level of detail and effort with which the assessment is performed is expected to

vary, depending on the circumstances involved. The contmuous assessment is initially expected to vary

in the level of detail and complexity and then develop, along with industry experience.

I initially, the continuous assessment of the impact of out of service equipment on plant safety functions

could take the form of one or more of the following options:

1. Guidelines for removing SSCs from service based upon previous evaluations of the

potential effects of the out of service (OOS) condition of the SSC. Appropriate

compensatory actions may be need si prior to removing the SSCs from service.
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2. A deterministic judgement, based on a structured approach, such as a Management

Oversight Risk Tree analysis, barrier or change analysis, or other analysis. The

analysis should support the conclusion that safety functions (not limited to safety.,

related SSCs), toth operating and shutdown, are not degraded.

3. An on-line, risk-based configuration management system, such as an ongoing and

regularly updated PRA. Assumptions used in the PRA should be validated through the

monitorin of SSC performance. The PRA should then be updated.n

It is expected that assessments of this type will be refined by the licensee over time, based on

technologi>al improvement and feedback from both plant and industry experience.

Scheduling of preventive maintenance activities should be carefully considered by licensees as part of

their monitoring efforts. The risk associated with maintenance activities and the availability of SSCs

can depend on the plant mode, the cumulative effect of equipment out of service, and the success paths
,

'

available to respond to potential accidents at the time when the maintenance activities are performed.

For example, scheduled maintenance of high pressure injection pumps may best be performed during
3-
g periods of cold shutdown when these pumps are not needed. Similarly, diesel generator scheduled

maintenance should be performed based on an evaluation of when emergency power would be needed

least as well as on the availability of off-site power sources. The problem of when to take a PWR

residual heat removal system out of service for maintenance is somewhat more complex because the

system is potentially in demand during power operation and usually in service during shutdown.I Consideration of the optimum times for preventive maintenance would be in order for such a system.

C.3.10 Data Collection and Documentation

Licensees should establish and maintain sufficient data and infornution so that they can consistently

implement and determine the effectiveness of their maintenance and monitoring efforts. Documentation
'

of data and information may be excluded from the licensee's quality assurance program unless the

documentation used is already part of that program. Such data and information should include:

I' 1. Process for:

a) Setting goals and monitoring,

b) Immediate evaluation of monitoring results as well as results of at-least-annual

assessment of ;oals, monitoring efforts, and maintenance activities,t

c) Feedback cnd adjustment of goals, nonitoring and maintenance activities,

I
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2. Identification of plant specific SSCs within the scope of the maintenance rule along

with bases for selection and subsequent sorting of each SSC under 50.65(a)O) or

50.65(a)(2),

3. Identification of goals, including the rationale for their selection,

4. Ruults of monitoring, along with root cause analyses if applicable, for plant specificI SSCs covered by the rule, over the preceding 5 years or since the rule took effect,

whichever is less,

5. Results of at-least-annual assessments, as appropriate, for plant specific SSCs within

the s, cope of the maintenance rule, including:

a. Evaluation of the effectiveness and applicability of goals that were met, as

well as goals that were not met, along with corrective actions and root cause

analyses,

b. Performance monitoring, condition monitoring, and preventive maintenance

activities,

Feedback and corrective actions from monitoring and preventive maintenancec.

assessments,

d. Failure, unavailability, and unreliability data, as appropriate,

Evaluations made of the balance between reliability and unavailabilityc.

arising from maintenance activity,

f. Adjustments to t;oals, performanw monitoring activities, condition monitoring

activities, and preventive mainterunce activities made (or not made) in orderI to improve the results of maintenance as well as the reliability / unavailability

balance for specific SSCs,

g. Incorporation of industry operating experience and feedluck into monitoring and

maintenance activities, and

h. Explanation of deviations from assumptions and results previously used in

applicable plant risk analyser

I
The feedback of data that provides information concerning the performance, condition and availability

of SSCs is an important part of any maintenance-effectiveness monitoring program that complies withI the requirements of the maintenance rule. To this end, licensees should collect and analyze plant-

specific data on failure, availability, and reliability for the SSCs within the scope of the rule, itis

suggested that all licensees would benefit if the data has a structure and format suitable for use in an

industry-wide database that could allow them to analyze and compare data from other facilities with

their own.

I
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I
C.4 IMPLEMENTATION

I
This section of the regulatory guide provides information to licensees regarding the NRC staff's plans

for using this regulatory guide.I
This draft regulatory guide has bwn released to encourage public participation in its development. The

regulatory guide is to be published in final form, after consideration of public comments, by June 30,1993.

The maintenance rule becomes effective in July 1996. The NRC plans to conduct public workshops,

instructional audits, and trial inspections and to provide formal instruction programs for NRC personnel

during the three years from July 1993 to July 1996. Supplements or modifications to this regulatory guide

may be published during this period as a result of feedback from this process .

I Except in those cases in which a licensee proposes an acceptable attemative method of complying with

specified portions of the NRC's regulations, the method to be described in the final regulatory guide

will be used for evaluating compliance with 10 CFR 50.65.

Licensees are not required to submit their maintenance programs to the NRC for review and approval.

Licensees are not required to report implementation progress toward meeting the requirements of the

rule directly to NRC. The NRC will conduct on-site inspections, within the scope of its normal

inspection process, to determine if the individual efforts of licensees conform to the requirements of the

rule.

The NRC staff's guidance in this regulatory guide does not authorize, endorse, or intend to recommend

any action that would be in conflict with any regulation or any established licensee commitment.

Licensees are encouraged to communicat2 with the NRC if such conflicts are encountered or anticipated.'

I
I
I
I
I
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Attachment 1

GLOSSARY

Active Component: A component that normally is operating or can and should change state under normalI operating conditions or in response to accident conditions (e.g., pumps, valves, switches).

(Source: NUREG/CR-5695.)

Alert Value: A pre-established value for equipment failure or unavailability rate to identify when

systems, trains, or components are reasonably close to not achieving their availability or reliability
'

goal or go ls.

I Analysis: A process of mathematical or other logical reasoning that leads from stated premises to the

conclusion concerning specific capabilities of a SSC and its adequacy for a particular application.I
Availability: The time that a SSC is capable of performing its intended function as a fractbn of the

total time that the intended function may be demanded. The numerical complement of unavailability.

Note that availability includes reliability.

I
Canability: The ability of a SSC to perform its intended function. Capability includes availability .

I Common Cause Failure: Multiple failures attributable to a common cause.

Condition: The state of readiness of a SSC to perform its intended function. Condii.on refers to passive

properties of SSCs when they are subject to mechanism.s that cause deterioration such as corrosion,

erosion, wear, etc.

Critical Components: Components whose capability must be maintained in order to ensure that the

system or train, of which the component is a part, will continue to perform its intended function.
-

Fallure: Unintended cessation of function of a SSC. Failures can be classified as:

_

_ Immediate (Catastrophic): Failure of equipment that is both sudden and complete.

Degraded: A failure that is gradual, partial, or both; the equipraent degrades to a level that,

in effect,is a termination of the ability to perform its required function.

I
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Incipient: An imperfection in the state or condition of equipment that could result in a degraded

or immediate failure if corrective action is not taken.

Generic Failure; Failuro of more than one identical component or part of a component due to the same orI similar cause or causes. Generic failures may or may not be common mode f ailures.

hialnienance: The aggregate of those functions required to preserve or restore safety, reliability, and

availability of plant s' .ctures, systems, and mmponents. Maintenance includes not only activities

traditionally associated with identifying and correcting actual or potential degraded conditions, i.e.,

repair, surveillance, diagnostic examinations, and preventive measures; but extends to all supporting

functions for the conduct of these activities. (Source: Federal Register / Vol. 53, No. 56/ Wednesday,

March 23,1988/ Rules and Regulations / page 9340.)

Maintenance-Preventable Failure: A maintenance-preventable failure is an unintended event or

condition such that a SSC is not capable of performing its intended function and that should have been

prevented by the performance of appropriate maintenance actions by the licensee. Under certain

conditions a SSC may be considered to be incapable of performing its intended function if it is out of

specified adjustment or not within specified tolerances.

A failure of a SSC is not considered to be a maintenance-preventable failure if:I
1. The state or condition of the failed SSC was evaluated, prior to failure, by the licensee

and it was determined that its failure could be accepted because the failure would have
*

insignificant impact on the objectives of this regulatory guide (see DISCUSSION

section) and the requirements of the maintenance rule, or

2. The SSC failed because of "new component mortality," design deficiency (providing the

deficiency was not previously identified and left uncorrected).

I Monitorinc: Periodically gathering, trending, and evaluating information pertinent to the performance,

condition, and availability of SSCs, and comparing the results with previously established goals in

order to verify that the goals have been met and that maintenance activities are effective.
|
,

As used in this regulatory guide, monitoring is specifically oriented toward gathering information so

that it can be determined that a licensee's goals ((50.65(a)(1)) have been met. Thus, the surv or

|I
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i

testing that is conducted as part of normal preventive maintenance, as described in documents such as

technical specifications or ASME code requirements, is not considered monitoring in the context of this

regulatory guide unless it is associated with meeting goals to establish the effectiveness of maintenance

activities.

Passive Compmnd: A component that cannot or should not change state under normal operating

conditions or in response to accident conditions (e.g., piping, tanks, reactor vessel, heat exchangers).

(Source: NUREC/CR-5695.)

Preventive Maintenance: The aggregate of all those actions necessary to maintain SSC intended

function and reduce the probability of SSC failure in subsequent service by preventing their

unacceptable degradation. Preventive maintenance activities are expected to include periodic orI predictive maintenance activities, as well as diagnostic testing, trending of failures, or trending of

unacceptable degradation, as appropriate.

Performance: The measured or assessed abihty of an active SSC to accomplish its intended function.

Performance compares how well a SSC carries out its function when measured against its designed or

intended capability.

I
Reliability: A measure of the expectation (assuming that the SSC is available) that the SSC will

perform its function upon demand at any future instant in time. For example, for an active system or

component, reliability can be expressed as the probability that the system or component will start on

demand, continue to run, and will perform its intended function (e.g., a pump will deliver the required

flow at the required head). For a passive SSC, reliability can be expressed as the probability per unit

time that the SSC will continue to fulfill its intended function. Note that reliability is a component of

availability.

'

Reliability Centered Maintenance: A series of orderly steps for identifying system functions, sub-system

, functions, functional failures, and dominant failure modes, ranking them, and selecting applicable and

effective preventive maintenance tasks to address the classified failure modes.I
Root Cause: The root cause (of failure, unacceptable degradation, or unacceptable unavailability) is the

most basic in depth cause of an occurrence, that when removcd, will prevent recuirence and permit the

return of the SSC to service.

I
I
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I
| System: A collection of components that is configured and operated to serve some specific plant function

(e.g., The feedwater system provides water to the steam generators. The containment spray system

sprays water into the containment. The high pressure coolant in}ection system injects water into the

primary system.)

. Unacceptable Decradation: The level of deteriorated rv-fm.iance, condition, or availability of a SSC

that the licensee determines must be avoided in order for a SSC to continue to perform its latended

function. Degradation of SSCs is expected in service and limnsees must ensure that SSCs are maintalried

so that the level of degradation remains acceptable.

I
Mnal] ability: The numerical complement of availability. A SSC may become unavailaHe as a result

of the item being maintained (inspected, tested or repaired, i.e., maintenance unavailrbility) or as a

result of undetected malfunctions (i.e., unannounced unavailability), t. Note: A system or component need

not be considered unava.ilable durire testing if appropriate compensatory measurcs have been taken toI ensure that its required function will be perfonned during testing.)

Unidentified Failure ir. tir, tors: Those causes of failure or unacceptable degradation that exist within

SSCs for which the root cause has not been determined. Unidentified failure initiators thus remain

.

. capable of causing additional failures or unacceptable degradation.

I
I

I
I
I
I
I
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TIIE I OLLOWING ATTACilMENT IS PitOVIDED 1:OR ILLUSTRATION ONLY.

Attachment 2

EXAMPLES IOR SETflNG GOALS
AND MONITORING

I
1. DESCRIPTION OF POSSIBLE GOALS

I-
1.1 Overall Plant Goal

One overall plant goal could be to not exceed an estimated core melt frequency. This could be

demonstrated, in part, by showing that the reliability and availability values used in the plant-

specific PRA or IPE, for major accident mitigation systems, are valid. The plant specific PRA should

reflect actual system and mmponent failure and unavailability data. The revised calculations of core

melt frequency can then Iw compared to the previous PRA or IPE calculations. This approach may show

that the overall plant goal is being met even if ill the individual mitigating systems are not achieving -I their reliability and availability goals, because some SSCs are more reliable and available.

1.2 System Level Goal

Attachment 3 provides a quantitative example of using a plant specific PRA to estiblish
reliability / availability goals for an accident mitigation system.

I Licensees might consider establishing goals based on the following three complementary indicators of

safety system unavailability:

1. Unavailability Indicator. To recognize the degrading availability of risk-significant

systems whose trains fait relatively often, such as AFW and diesels, the licensee may

use an average train unavailability indicator.

2. Condition (or failures) of Highly Reliable Components. The licenv.c may trend the

condition of risk-significant compsments that rarely fail.

3. Common Cause Failures. Failures of classes of components, such as pumps and valves can
- I be statistically analymi to determine if certain failures are not independent.

I
I
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I
1.3 Component level Goals

- Component goals should be based on performance, condition, availability, or a combination of these. For

active components, it is expected that the goals will include at least some performance based elements,

including reliability and availability. For passive components, it is expected that the goals would beI largely condition oriented.

For example, goals for a heat exchanger might include:

Minimum flow as specified in the FSAR*

Maximum outlet temperature=

'

Minimum delta temperature*

Rate of increase in marine growth / Bio-fouling*

Rate /numbersof tubespluppx!*

I Rate / numbers of tubes with eddy current indications=

Rate of crosion and/or corrosion of bell housing.a

2. EXAMPLES

I
2.1 Gaals and Monitoring for Risk Significant Standby Safety System

I The following is an example of goal setting for a safety system composed of redundant trains that can be

expected to fail occasionally (e.g., etc tro-mechanical trains).

A licensee has found that the emergency core cooling system (ECCS) unavailability modeled in the

PRA corresponds to a, 'CCS average train unavailability of one percent. Therefore, the licensee selects

one percent average train unavailability as a goal for the ECCS system.

I
The licensee might compare ECCS performance with respect to these goals in the following ways:

I The licensee might monitor the performance of ECCS components and use reliability analysis methods

to aggregate the component performance to estimate average train unavailability. The licensee;

- thereafter might use statistical analysis to evaluate whether this measure of average train

unavailability meets the one percent goal.

,I:
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The lleensee could also evaluate the extent to which the failure ratea of similar components are

independent of each other. The extent to which the failure rates are dependent is analyzed to estimate

whether the likelihood of (;mmon cause failure could be significantly greater than the one percent

goal. If the goal is significantly exceeded, the licervee would le expected to determine the causes and

take appropriate corrective action.I
2.2 Goals and Monitoring for Very Risk-Significant Standby Safety System Composed of liighly

Reliable Redundant Trains

A licensee has determined that the reactor trip systern has always been available on demand. That is,

its unavailability is too snull to measure and trend. 8:, Wt,it has tren i )bjective of the maintenance

' forts at this plant to prevent failure of even one shutdown rod to drop on time. Therefore, the licensee

decides to establish goals of no failures of reactor trip breakers and no failure of a rod to drop.

To ensure achieving these goals, the licensw decides (1) any failure of a scram breaker will it brought>

to nunagement attention arv; (2) to monitor and trend the rod drop times in order to be able to recognize

degradation before failure occurs. The alert level set here might te no degradation in rod drop time, so

that if degradation does occur,it will be identified for the attention of management.

I
2.3 Goal and Monitoring for llOP System Whose Failure Can SCRAM or TRII' the Reactor or

Challenge Safety Systems.I
A licensee has found that main feedwater problems caused about half of the reactor trips. The licensee

has taken corrective action for each of these main feedwater problems as part of a trip reduction

program. The licensee estimates that if these corrective actions are successful, the reactor trip rate will

be reduced to atuut 1 automatic trip rer year. This trip rate is sch cted as a goal.

,

In addition, the licensee is concerned atout erosion causing thinning of the main feedwater piping with

age. The licensee has instituted a non destructive examination program to periodically monitor and

trend the condition of toe high pressure feedwater piping. The licensee sets an alert value that
I. thinning will not exceed 8 percent ef the wall thickness, an action required value of 12 percent, and a

. goal of 15 percent. These goal, alert, and action-required values ensure that if the trend in pipe wall

thinning is excessive, the causes can be found and time will be available for corrective actions to be

taken prior to the pipe wall thickness being reduced below the minimum wall thickness specified by

the ASME code (20 percent for this pipe).

I
C-35

I



. . .. .. - .. .- . . . - . - - . . - -.

I :

2.4 Goal for Equipment Used in EOPs

A goal for equipment used in EOPs might be successful completion of all EOPs used during an emergency

exercise with no more than one equipment failure, two "significant" component deficiencies, or three

" minor" deficiencies. The attributes of "significant" and " minor" deficiencies would be defined by the:I - license:.
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TIIE I OLLOWING ATTACliMENTIS PROVIDED IOR ILLUSTRA110N.

Attachment 3

AN EXAMPLE OF MONITORING UNAVAILAlllLITY Ol'
AUX 1LIARY FEEDWATER SYSTEM TO RECOGNIZE AND CORRECF

PERFORMANCE DEGRADATION, UNDER 50.65(a)(1)I
This example describes how a utility can monitor the performance of the auxiliary feedwater (ARV)

system. The steps include: (1) identifying the risk-significent parts of the ARV, (2) setting appropriate

performance goals, (3) selecting a performance monitoring program for the important parts of the

system, (4) establishing alert levels to flag performance that deviates from these goals, and, where

performance deviates Imm the goal, (5) finding the causes and correcting them.

1. IdentificatimuliRhk-SignificanLEquipment and S uingHrcrall A FW Goalt

The ARV system at the utility's Plant A (a PWR) has three trains: two motor-driven and one turbine
^

driven. Each train is designed to provide surficient flow to remove heat from the reactor coolant system

when main feedwater is unavailable and the reactor coolant pressure is too high to permit heat
removal by the RIIR system.

The utility had perforrm! a probabilistic risk assersment (PRA) of Piant A.

The plant selected a goal that ARY performance should not degrade beyond the plant-specific PRA

estimate of the mean value of ARV unavailability; that is 3 x 10'4. This corresponds to the ARV
*

function being unavailable about 3 hours per year.

.I
in order to identify the risk-significant aspects of ARV, the utility examines the plant-specific PRA

cutsets (combinations of failures) that result in ARY unavailability. These combinations of failures

that can lead to loss of ARV function can be considered in three categories: single component failures,

-I
common cause failures, and multiple train failures. These three categories are considered separately, as

described below.

2. Single. Non-Redundant Componsni Failure 3

The single-compcment cut sets are addressed as follows.
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There are only a few single-componerJ cut sets, i.e., where there is no redundney. These failures are

important to prevent.

I
In this example, one of these single-cu. ponent cut sets is the inadvertent opening of a cross-connect -

valve to the other unit on the site. This accounts for half of the predicted ARV unavailability. The

other single failure that can cause loss of AFW is insufficient water in the condensate storage tank. The

utility can ensure that these two potential single failures are prevented through a combination of*

surveillance, condition monitoring, and training.

3. Common Cau;r Failures

I The second most important causes of unavailability of ARY are predicted in Plant A's PRA to be

common cause failures.The most risk-significant of these common cause failures consists of back-leakage

of hot fluid from the feedwater line through certain check valves such that the water at the inlet of,

the ARV pumps exceeds a limiting temperature. Since all three ARV pumps are supplied frorn a

common inlet pipe, back-leakage through two check valves can adversely affect all three pumps. In

that event, the pumps would cavitate when started. Other important common cause failures are

faihires of both motor driven ARV pumps,

;I
The utility can analyze these potential common causes, and can develop a combination of surveillance,

condition monitoring, and training to prevent their occurrence. In addition, the utility can monitor the

time between instances of degradation of these items to monitor the extent to which degradations are

either random or else dependent (e.g., common cause).

To illustrate the risk importance of common cause failures,it should be noted that in the PRA for plant

A,it was estimated that the contribution to ARV unavailability from common cause failures was about

1.2 x 104. This value would be exceeded if all three trains were unavailable for more than about an

.

hour during a one year period. Therefore, it is extremely important that the surveillance prognm and !

the frequency of surveillance be directed to detecting incipient problems (e.g., detecting back leakage

before all three ARV trams are adversely affected).I
4 Redundant Tnins

As described above, in this example, the utility management set a goal that ARV availability shonid

not degrade below the performance postulated in the PRA. Since unavailability ^ expected to vary

I
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I
randomly, an alert level can be sekcted to flag when performance appears to le outside the expected,

ran);e. One way to do this is to use a statistical control bound, or alert level, as outlined in this example.

I 5. S citingJutunavailabilityE ualinded undatIraim

I Alter both the single-component cut sets and the common cause cut ms are subtracted, the tvmaining cut

sets that result in loss of AFW involve random unavailability of each of the three trains. TLe PRA

predicts a mean frequency of 1.0 x 1(r5 for the sum of these cut sets involving randorn unavailability of

three trains. This corresponds approximately to an average train unavailability of 0.02, as shown

telow.

Thus the utility set the goal for average train unavailability as 0.02. The tility differentiates random

v fiation in performance from significant deviations from this goal by setting alert levels, using

methoA from statistical process control.

This average train unavailability of 0.02 corresponds to about one train failure per year (for a three

train system with a one month r.urvettlance test interval). If some equipment in a train is only tested

quarterly (e g., ASME required pump or valve testing), a failure of one component could, by itself,

represent an unavailability of about 0.12 for that train for the entire year. Therefore, to meet the train

unavailabi: ' oal, the utility should monitor and trend the condition of selected components to

recognize d( ition and correct it twfore failures occur.I
C, . Methusilarlicas uringfufunnanct_of Red undanLTIAlns

Unavailability is the probability that, at a randomly selected time during any time period, the

equipment will not function on demand. Unavailability can be estimated as the fraction of time when

the equipment was unable to functc.n The utility estinutes random unavailability of ARY trains as

follows:

Q Unavailability of ARY system=

(train #1 unavailability) x (train #2 unavailability)=

I (train #3 unavailability).x

q Train unavailability

Fraction of time train was unable to function=

I
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'I

I
(Out-of service Time) + (Fault Esposure Time)

9 " ~

(Time)

I
The terms in this equation are oefined as follows:;

Fault-exposure Time 1/2 the time interval from last operation to discovery of malfunction or=

error that resulted in the train lying unable to perform its function

I Out-of*rvice Time Ilours thtt train was out of service for maintenance or other=

administrative reasons.

Time Time period over which the unavailability is measured (for example,1=

quarter or 1 year).

Each qus.rter, the utility estimates the AITV unavailability experienced during a selected time period,

such as the previous four quarters.

I,
This measure of train unavailability can be smoothed by averaging the result from the three

individual trains to give an average train unavailability. This approach is similar to the INPO
indicator of safety system performanm.

7. hirthodfotSett!ng AlertityrHorlkdundanLTlains.

This section describes how an alent le"el can be set to differentiate when the performance deviates from

the goal.

I The performance goal is envisioned as established by management, in this example, plant management

set a goal that AITV performance should tw consistent with the PRA, To determine whether random

variations in Al'W train unavailability are or are not consistent with this goal, a performance analyst

can develop alert levels for train unavailability in the following way.

I
First the overall goal for AFW unavailability is adjusted to subtract out the contributions due to the

single coraponent failures and common cause failures addressed separately, above. As described above,

the combinations of failures that involve loss of three trains without common (ause failures corresponds

I
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to e system unavailability of 1.0 x 10-5. The cube root of this correspond:. approximately to an average

train unavailability,

Target average train unavailabilityq =

3

Nq =

3

V10-8q =

0.02q =

The target average train unavailability can also be expressed in f.erms of train failure rate (or,I .,

equivalently, repair frequency) and maintenanw frequency as follows:

N (T/2) + (\ + A. ):q =

A Frequency (per hour) of outages for preventive maintenance or other=m

administrative reastms.

A Frequency (per hour) of independent train failures=

T Survel!!ance test interval=

720 hours.=

I Allowed ou; age timet =

72 hours.=

Note: It is assumed that A T > probability of failures during the test interval,is rufficiently

small so that the probability of more than one failure can be neglected,

in this example, the utility's review of previous experience at plant A indicates that, on the average,

AIW trains are taken out of service for preventive maintenance four times more frequently than theyI are taken out of service for repair. That is:

A =4km
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1

I
Therefore, q 4 (T/2) + (4 + ) ) t=

3

V10 5q =

i

I Thus, the expected trahi .aare rate and maintenance rates corresponding to the goal are calculated as

follows:

4 (T/2 4 5t) = hI= 0.02

5h = 3.0 x 10 per hour

Am = 1.2 x 104 per hour

I
This train failure rate and maintenance frequency are then used to calculate the probability of 0,1,2,3,I or more train failures durin); a year. With this information, the utility can set aleet levels to

differentiate random variations in train unavailability from significant deviations from the goal. The

method the utility uses for setting an alert level for train unavailability is to set thresholds to compare

with measured the measured values of train unavailability. In this example, the utility selects, as
alert levels, significance levels of 90'7 and 95%0

The probability that 0,1,2,3 or 4 train failures will occur during the observation period (one year in

this example) is approximated by a Poisson distribution.

I The Poisson distribution for the probabill;y of n train failures during the observation period is: -

I (b ,T ,3 ) "Ie -Ts.
P(ry, Tow) i

=
10,

where:

T The observation period, in this example for a three-train system, the& =

observation period used in the equation is three times the actual observation

period: e.g., one year on each of three trains.

I
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I
The numter of failures among the thro? trains summed over the observationr) =

period.

For this example, the values calculated from this distribution of the total number of train failures f

among the three trains are listed in Table 1. Table 1 also lists the contribution of these failures, andI subsequent repairs, to average train unavailability.

Table 1

Polsson Distribution of Numb,'r of Train Tallures
g rupected (in This Example)in Aggter s of'Ihree ATW Trains
3 During One Year.

Number of Irain l'robability of This 'Irain Downtime Due to Train UnavallabilityI failures Number of Failures failures and Repair Due to Failures and
Time (hours) Repair Time

0 0.45 0 0

1 0.36 432 0.016

2 0.14 8M 0.03'{I 3 0.(M 1296 0.(M9

I The unavailability due to preventive maintenances,in this enmple, can be calculated from & Poiss.on

;ilstribution with a maintenance frequency four times larger than the failure rate used to cale. alate the

entries in Table 1. (As discussed above, in this example, the frequency of train maintenance out >ges has

historically been four times the frequency of train failures.) The values in this Poisson distribtition are

summarizal in Table 2. Table 2 also list the contribution of these preventive maintenances to average

train unavailability.

I
Thew two distributions for unavailability due to failures & repair and due to preventive maintenances

(Tables 1 and 2) are combined in table 3. Thus, in Table 3, one can read down the cumulative probability

column to .9075 to determine that an alert level corresponding to a 90% confidence level is an average

train unavailability of 0.044.

In this example, the utility also selected a second level corresponding to a 95% significance level. The

. band letween the two levels corresponds to a-90% to 95% chance that the average AFW train

unavailability during the year is not meeting it's goal. This band also corresponds to a 5% to 10% false

j alarm rate.

.

!1
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Table 2

Poisson Distribution of Number of Preventive Maintenances

I bpected (in This Example)in Aggregate of Tntre AFW Trains
During One Year,

Numter of Maintenance Probability of This 'I rain Downtime Due to Train Unavailability
Outages Number of Failures Preventive Due to Preventive

Ma!ntenance (hours) Maintenance Time

0 0.4 0 0

1 0.13 72 0.003 ;

2 0.21 144 0.005

3 0.22 216 0.008

4 0.18 288 0.011

5 0.11 360 0.014

6 0.06 432 0.016

7 0.03 5 01 0.019

8 0.01 576 0.022

8. Bamde_QIfamNring Perfonnance vs. Coal for MulijdclIains

The actual ARV average train unavailability experienced at plant A is shown in Table 4.I
These data for average train unavailability averaged over a 4-quarter period are plotted in Fi;ure 1,l
with alert levels at 90% and 95% significance levels. In this example, the average train
unavailability was consistently higher than the goal for fandom failures. In addition, the data

excenled the 90% significance level for individual data points in the 4th quarter, and again starting in

the 8th quarter, As a result, this portion of the system unavailability goal, due solely to redundant

train unavailability,(i.e., excluding common cause and single <omponent failures) was being exceededI by alout a factor of 40. For example, in the 9th quarter, the average train unavailability cubed is 4.2 x

10-4, compared to the goal of 1.0 x 10-5 for redundant train failures. This abo exceeds the goal of 3.0 x

10-4 for overall AFW unavailabihty.

In this example, two recurring problems had occurred with ARY, and their cause.s had been difficult to

identify. One problem involved a valve in the service water system that cooled the motor driven pump

bearings. The other problem involved a relief valve on the stear. supply to the turbine train. The

I
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Table 3

Combined Distribution of Number of Train l' allures and
l'reventive Maintenances (in This Example) During One Year

Train Unavailability 1 rom l'robability Cumulative l'robability

Tables C 1 & G2

0+0=0 (.45)(.N) = .0180 .0180

0 + .(K)3 = .003 (.45)(.13) = .0585 .0765

0 + .(K)5 = .005 (.45)(.21) = .0945 .1710

0 + .008 = .008 (.45)(.22) = .0990 .2700

0 + .011 = .011 (.45)(.18) = .0810 .351

0 + .014 = .014 (.45)( 11) = .0495 .4005

0 + .016 = .016 (.45)(.06)+(.36)(.N) u.0414 .4419

O + .019 = .019 .016 + .(03 = .019 (.45)(.03)+(.36)(.13) = .0603 .5022I 0 + .022 = .021 .016 + .005 = .021 (.45)(.01)+(.36)(.21) = .0801 .5823

.016 + .008 = .024 (.36)(.22) = .0792 .6615

.016 + .011 = .027 (.36)(.18) = .0643 .7263

.016 + .014 = .030 (.36)(.11) = .0396 .7659

.016 + .016 = .032 .033 + 0 = .032 (.36)(.06)+(.14)(.N) = .0272 .7931

.033 + .003 = .035 .016 + .019 = (.14)(.13)+(.36)(.03) = .0290 .8221

.035

.033 + .005 = .038 (.14)(.21) = .294 .8515
_

033 + .008 = .N1 (.14)(.22) = .0308 .8823

.033 4 .011 = .N4 (.14)(.18) = .0252 .9075*

.033 + .016 = .N9 .(M9 + 0 = .(M9 (.14)(.06)+(.N)(.N) = .0100 .9175

.033 + .019 = .052 .049 + .003 = (.14)(.03)4 (.N)t.13) = .0094 .9269

.052I .049 + .005 = .054 (.N)(.21) = .00S4 .9353

.N9 + .008 = .057 ( N)(.22) = .00A8 .9441I .N9 + .011 = .060 (.N)(.18) = .0072 .9513*

.019 + .014 = .063 t.N)(.11) = .0044 .9557

Average train unavailabilities corresponding to approximately 90th and 95th percentiles.*

I
I
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Table 4

Al'W Average Train Unavailability Tsperienced at Plant A

Quarter Average Train Unavailability Average Train Unavailability

During the Quarter During the last 4 Quarters

1 0.05(i

2 0.028

3 OE1

4 0.047 0.(M8

5 0 0.035

6 0149 OlMO

7 0.tc - 0.(MO
_

B 0 078 0.(47I _

9 0.11 0.075
_

10 0.013 0.073

11 0 0.058

12 0.036 0.(M7

I ..

causes of these problems were identified and corrected, and AFW average train unavailability returned

to nonnal.

9. Alterna tive31 c t hods f oriyalu a ting AltrLLetchlotE cd und anLTrains

There are other ways to analyze these performance data to differentiate systematic trends fromi random variations .

An alternative kind of statistics that addresses the cumulative sum of the data over time (cusum)

would more rapidly flag long term trends. For example, in figure 1, cusum could evaluate the

consistently larger-than-expected unavailability much more efficiently than the single-point Poisson

Statistic used in this example.

I Another very effective method is to use computer simulation to develop alert levels empirically.

Simulation can evaluate tradeoffs between detection time and false alarm rate.I
I
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Tile IOLLOWING ATTACllMENT IS PROVIDED 1 OR ILLUSTRATION ONLY.

AttaduntaLA

ROOT CAUSE ANALYSIS

I
The economic and safety benefits associated with root causc determinations and evaluations are well

known. Ilowever, the performance of the actual evaluation is complex. 'there are numerous root cause

analysis techn! ques available, including Kempner Tre;;oe Problem Analysis, Savannah River Plant

Cause Code Tree, I!G&G Intertech, Inc. Management Oversight and Risk Tree Analysis, (MORT),I liarrier Analysis, and Change Analysis.

Root cause analysis is typically several levels in depth and the root cause is not usually the immediate

or most apparent cause. For exarnple, not only should the cause of a blown fuse be identified (for

example, over-current), but what caused the over<urrent condition (for example, voltage regulator

failure), and the cause of the vonal;c regulator failure (for example, weak springs in a faulty design).

I
Root cause cannot always be identified af ter a single failure. If such is the case, a highly probable

cause shouhl be determinal. For significant occurrences (i.e. impact on plant safety equipment, TRIPS orI SCRAMS), the probable cause should be agreed upon by the onsite safety review committee. When only

a most probable cause is determined monitoring equipment might be installed to capture additional

data for future analysis. Compensatory measures should be taken to minimize effects of future failures.

The hardware that was the most apparent immnilate cause might be removed and tested prior to
return to power operations.

I EssentiallilementtolallooLCauscAnalysisfragram1.

Essential elements of an effective root cause analysis program include:

1.1 A comprehensive program of data collection, trending, inspection, surveillance, and

analysis.

1.2 Feedback from mot cause determinations is fadorco into the pertinent plant operations.
1.3 Emphasis is placal on learing from past experience.

1A Equipment performance, condition, and availability, as applicable, is trended to

detennine if roat causes have been isund.

,
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1.5 Root cause efforts should be standardized for all departments so that the broadest

foundation for trending and analysis is available and evaluators can utillic a common

data base in order to identify major categories of causes.

1.6 Evalaators should be open minded, obpctive, creative individuals, trained in root cause

analys%. The process should be independent. Recommended corrective action must be

realistic and uscable.

1.7 Generic recommendations should be factored into the preventive maintenance prograni

to preclude similar occurrences on other systems,

1.C The root cause of operational events should be:

(a) Identified in a timely rnanner. Where the root cause is either not identified or

uncertain, an appropriate procedure for a highly probable cause should be

I followed.

(b) Verified to have been corrected before conditions are set which would allow

nourrvnce.

1.9 A verification test should be conducted, as appropriate, that safely attempts to
reproduty the occurrence without detrimental effects. Verification of root cause,if done

thoroughly, consists of testing that effectively reproduces the symptoms that caused

the original failure and meets a logic test as well. For example, a fuse was replaced and

the component now functions. With the old fuse in place, the symptoms of failure were

I apparent (physical criteria reproduced). Ilowever, there is nothing wrong with the old

fuse, which is not logical. Further investigation is warranted because the root cause is

not venfied. Verification should reproduce the symptoms of failure, fix the problem,

and follow a common senw logical appmach.

I
2. huMemsrcrformhmAuoLCaustAnalysh

I
Failure to perform in-depth, root cause analyses can lead to failure mitiators being left undetected.

I Failures then recur as o[vration continues. Further, an unrelated failure may be exacerbated by one or

more unidentified failure initiators that are present as the result of past incomplete root cause

analyses. The synergistic c!fect of thew occurrences causes confused diagnosis of the event, possible

multiple equipment failures, inoperability of equipment expected in use, personnel errors, and

minfirection by management. Such occurrences place operators and the plant in an abnormal ogwrating

environment, possibly leading to unacceptable situations.

I
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I
Typical traps that result in incorrect determinations of root cause are:

2.1I Assuming That Most Apparent Cause is The Root Cause:

Root cause is often at the fourth or fifth level of sub- causes. Assuming that the most

obvious cause is the root cause may lead to mis-identification.

Examples include:

(a) Assuming that the identified problem is the cause.

(b) Blaming circumstance on personnel error, when in fact the individual may have

been set up to fall.

(c) Jumping to conclusions, as in the case where a cause is assurned based on limitedI information and then data is gathered to support that theory.
(d) Inadequate definition of the problem due to varied, contradictory, and complex

data.

(e) ''Overki'l", where many actions are taken to address the issue, and it is never

known what actaally solved the problem, or even if the problem is indeed
" solved".

I 2.2 Assuming That The Cost Of A Root Cauw Analysis Is Unjustified:

Examples are:

1

(a) 'the rtvt cauw analysis has low priority because the component or system is not

imrnediately needed for continued operation.

(b) A planned outage is within the time period that recurrence of the failure is

estimated to occur (perhaps optimistically). The plant management postpones

I- the resolution until the planned nutage, and makes an interim fix as

compensatory action in order to justify continued operation.

2.3 The Root Cause Program is Set Up Without Sufficient Support:

The root cause program is destined to fail if support is lacking or perceived to be

lacking, or analysts are not trained in root cause analysi>, or supporting persormel are

net knowledgeable in the m]uired disciplines, or sufficient resources are not available,

or plant personnel are unwilling to be the bearers or receivers of bad news. The root
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I
cause analysis is often pre-empted or brushed aside in such circumstances. Under such

conditions neither plant management nor workers will support i root cause analysis

program, nor will they have confidence in the root cause analysis results.,

2.4 The Problem is Complex:

The root cause may te (or is perceived to te) very complex, or there may no apparent
indications of the cause.

I
I
I
I
I
I
I
I
I
I
I
I
I
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