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APPENDIX A

QUALITY ASSURANCE AND
RELIABILITY DEFINITIONS

This appendix contains terms and definitions identified through a review of
documentation and information compiled during the study. Many of the terms and
definitions are based on ANSI/IEEE Standard-761 which defines reliability,

availability and productivity terms for electric power generation systems.
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APPENDIX A

QUALITY ASSURANCE AND
RELIABILITY DEFINITIONS

Accelerated Test - A test in which the applied stress level is chosen to exceed
the level stated in the reference conditions to shorten the time required to
observe the stress response of the item or magnify the response in a ggiven time.
To be valid, an accelerated test must not alter the basic modes and/or mechanisms
of failure of their relative prevalence.

Acceleration Factor - The ratio between the times necessary to obtain a stated
proportion of failures for two different sets of stress conditions involving the
same failure modes and/or mechanisms.

Adequacy - Sufficient generating capability to meet the aggregate peak electric
loads (MW) and energy requirements (MWh/h) of all customers at all times.

Availability - The probability that a material, component, equipment, system, or
process is in its intended functional condition at a given time and therefore is
either in use or capable of being used under a stated environment.

Availability (Equivalent) - The percentage of time in a period that gross maximum
jeneration could be produced if '‘mited only by outages and unit and seasonal
derating.

Availability (Operating) - The percentage of time in a period that the system,
process, or facility is operating or is available to operate (ready status).
This measure ignores partial outages, i.e., if the system is producting any

product at all, it is considered to be "available."
Capacity - The net power output for which a generating unit or station is rated.

Capacity, Gross Maximum - The maximum capacity that a unit can produce over a
specified period of time.
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Capacity, Gross Dependable - The gross maximum capacity modified for ambient
limitations for a specified period of time, such as a month or a season.

Capacity, Gross Available - The gross dependable capacity modified for equipment
limitation at any time.

Capacity Factor - A percentage calculated from the ratio of product actually
produced in a period to the product that would be produced if the process system
or facility operated at full rated capacity for the period.

Confidence Level - Statistical boundaries limiting an estimate with a specified
risk.

Configuration Management - A technical and administrative process used to
identify, control, and account for engineering documents describing the
functional and physical characteristics of components, equipment, systems, or a
process. It is also used to track and control hardware to conform to the
documentation.

Corrective Maintenance - All unscheduled inspection, testing, or repair
activities performed on equipment, following its failure, for the purpose of
restoring the equipment to satisfactory operating condition.

Critical Item - A procedure, material, component, or item of equipment whose
failure could significantly affect safety, performance, environment, schedule,
or cost.

Debugging (Burn-In) - A process of shaking down each item of finished equipment
that is performed prior to placing the item in use. During this debuqgging
period, weak system elements are expected to fail and be replaced by elements of
normal quality (statistically) that are not subject to similar early failure,
The debugging process may involve exposure to all field operational stresses.
The debugging procass is not, however, intended to detect inherent weaknesses in

system design, which should have been eliminated in the preproduction stages by

appropriate techniques. The debugging process eliminates the parts subject to
infant mortality.
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Demonstration Plant - An RD&D project designed to demenstrate and validate
economic, environmental, and productive capacity of a near-commercial size plant
by integrating and operating a single modular unit using commercial-size
components.

Derating, Seasonal - The difference between gross maximum capacity and gross
iependable capacity.

Derz2ting, Unit - The difference between gross dependable capacity and gross
available capacity.

Design Life - The expected time or number of cycles, based on the design of the
item, during which the item remains operationally effective and economically
igeful before wearing out.

Dds:gn Reviews - Meetings held during the design process to critically examine

the product design, configuration, design documentation, test program planning,
|

and test data.

Design Review, Critical (CDR) - A formal customer review of all accomplishments
during detailed design. This may entail review of prereleased detailed design
dokumentation; e.g., drawings and specifications, analytical a . .sperimental
verification data, long lead item procurement list, bid package plan, siting and
environmental impacts, final test and evaluation plan, configuration, and change
control procedures.

Design Review, Preliminary (PDR) - A formal customer review of process analyses
and flow, reaction rates, operating parameters, including identified layout
irrangement of equipment/systems, performance requirements, specifications of
long lead items, and test plans.

Destructive Testing - Testing of any nature that may materially affect the life
expectancy of the item tested, whether or not failures occur during the test.

Failure - The cessation of the ability of a system or any of its elements to
erform a specified function or functions.
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expression our system was caused to fail by somebody else's.
Jystem interfaces and constraints are to be defined in terms of
such considerations as instrumentation and control, allowable
thermal and mechanical loads, process conditions including
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OVERALL PLAN

l
REACTOR SHUTDOWN SYSTEMS (RSS)

|~ SYSTEM 31 REACTOR SYSTEM
L - SYSTEM 32 REACTOR ENCLOSURE SYSTEM

~SYSTEM 90 PLANT CONTROL SYSTEM

~SYSTEM 92 REACTOR AND VESSEL INSTRUMENTATION SYSTEM

L-SYSTEM 95 FLUX MONITORING SYSTEM

L— SYSTEM 99 PLANT PROTECTION SYSTEM

* INTERFACE ANALYSIS ONLY TO EVALUATE
IHFLUENCE ON SHRS.

NOTE: ANALYSIS OF THESE PRIMARY SYSTEMS IDENTIFY
IMPORTANT INTERFACING SECONDARY SYSTEMS
THAT REQUIRE ANALYSIS. THESE ARE CONTROLLED
BY INTERFACE DATA TRANSMITTALS.

T DESIGN DESCRIPTION

(0PDD-10)

SHUTDOWN
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= SYSTEM

—SYSTEM

—SYSTEM

—SYSTEM

|—SYSTEM

—SYSTEM

—SYSTEM
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—SYSTEM

—SYSTEM

L—QYQY'“

FIGURE 3.2-1 SAFETY-RELATED SYSTEMS

|
HEAT REMOVAL SYSTEMS (SHRS)

31 REACTOR SYSTEM
32 REACTOR ENCLOSURE SYSTEM

51A PRIMARY HEAT TRANSPORT
SYSTEM

518 INTERMEDIATE HEAT
TRANSPORT SYSTEM

52 STEAM GENERATOR AUXILIARY
HEAT REMOVAL SYSTEM

53 STEAM GENERATOR SYSTEM
56 REACTOR HEAT TRANSPORT
INSTRUMENTATION & CONTROIL
SYSTEM
* 68 PIPING AND EQUIPMENT ELEC-
TRICAL HEATING & CONTROL
SYSTEM
81 AUXILIARY LIQUID METAL SYSTEM

* 82 INFRT GAS RECEIVING & PRO-
CESSING SYSTEM

90 PLANT CONTROL SYSTEM

99 PLANT PROTECTION SYSTEM
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'his document establishes the overall LRM Reliability Program Plan.
The plan along with the appendix contains the policy, practices, and LRM
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RELIABILITY AAM REQUIREMENTS AND GUIDELINES
INTRODUCTION
This Appendix is an extraction and organization of relia
Requirements and Guidelines from letters of direction by

4

Program Participants. The letters are

consider more
The requirements and guidelines
program activities they apply to. They are in

indexed by category

B

-
- |

first git) and reference letter 1ist identifier ( d

T+

-~
g !

[REMENTS

< A

DA
".-‘\_

Requirements
Qualitative design support assessments shall be performed

identify, evaluate, and disposition RRCL component fail

RRCL component and system assessments shall be performed
schedule to support the design review proce

The significant concerns and uncertainties summa

the actions

the LRM for entry as

ponderce Contrgl




Page Two

4.3

9.1

6.1

8.1
9.4

REV. 0

[f there are procedural constraints identified during the assess-
ments that would prevent unsafe operation of the system, they

shall be documented in the system RDSD and extracted for tracking
and final resolution with the procedure writers.

Each RRCL item shall be controlled by an E-Specification (or
equivalent) which delineates as a minimum compiete physical,
environmental, and performance requirements; reliability and
quality assurance requirements including inspections and tests

for qualifications, acceptance, and lot sampling where required;
explicit requirements to be satisfied in accepting parts and for
packaging, handling and traceability.

To the extent available at the time of scheduled review, reliability
design support documentation shall be incorporated into the formal
design review packages and reviewed at formal design reviews.
Information copies of all reliability assessments (interim and
final) shall be forwarded to the W-LRM and Project Office Reliability
Staffs as they are completed.

Final RDSDs shall have W-LRM concurrence prior to release.

[t is emphasized that the Safety-Related Reliability Program as
specified in the RMs internal procedures is to be an integral part
of the design development process. The baseline for the program is
the RRCL. The FMEA, CCFA, and RDSD for RRCL components shall be
scheduled to support the design/development process (i.e. design

reviews, design release, fabrication release, etc.).
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ensure adequate specification of the interface requi
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aulgeliines

Qualitative design support assessments should be the results of

a combined effort by design engineering and reliability engineering.
Qualitative insights gained from RRCL item design support assess-
ments compared to modeling assumptions, fa‘lure rate assignments,

and failure mode coverage should be transmitted to the modeling

liminary, update, 1inal) associated with the
lative to key design activities and
entered intu
umptions shoul sible. [f tnhey cannot De
avoided, they should rified in the same manner as significant
uncertainties (CACCS
rationale for adequacy of

design features, analysis

identified and a statement as to where

oe proviged.




Page Five REV. G

RELIABILITY RELATED COMPONENTS LIST (RRCL)

Requirements

1.1 The RMs, AI, GE and ARD shall be responsible for development
of the RRCL for those items that are under their design
responsibility.

2.1 All components or functional elements in the RSS, PPS, and
SHRS shall be evaluated to identify those that perform a vital

function with respect to safe shutdown and/or shutdown heat

removal .

3.1 Items shall not be excluded from the RRCL based on probability

discrimination.

4.1 Revisions to the RRCL ICD shall be transmitted with justification
to the W-LRM.

5.1 Components with Category 2 or 3 failure modes (degrades the RSS or
SHRS function, or prevents the RSS or SHRS function) shall apoear
on the RRCL.

6.4 If at any time, equipment omissions are identified that should

be on the RRCL a change to the RRCL ICD shall be proposed.
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failure potentials in the system

failures initiated by a common event.

An analysis of the

end to preclude each common cause J should be conducted
an evaluation of their adequacy made.

e common cause failure potenti

1ificant residual uncertainty

-~ - -~ o~ L 3 - - . - - -
oe Drougnt To propriate

be compiled.

pp—— +e
components

compo

assessed by investig

event

he failure rates used in the systems math model should be reviewed

-

to determine if a common cause failure rate factor should be

S

Those that are f would be brought to the atten

- -

modeling RM.

Common Cause Fail is defined as a concurrent fail
identical or non-identical components that perform
due to a single common causative factor. Concurrent

operational time interval within which more than one
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redundant functionally

components to loads in excess of their design basis.
these common events with random

data may provide a meaningful basis for judging the

ol ok =

LS.

CCF definition was proposed and agreed
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.0 perform as
period due to a single underlyi
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describes the universal
productive to analyse for the
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the following reasons.
function only one functional

failure in that path was muitipl
(from a random cause
same, | the single functional path.
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dependencies

when redundancy of functional paths exists, randomness versus

commonality of cause (including common dependency) is important

..

because the system effect is different. A failure from a random
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path simultareously which would leave the system functional.

Failures from common causes may occur in more than oreredundant

N rendering the system inoperable; therefore projec

rrTA

resources allocated to CCFA should be

and assessing system functional redundancies for failure

common cause factors. This approach would significantly

systematic
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tdentification of the additio
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Requirements

Reliability analyses, evaluations and dispositions

RRCL items (including information from vendor fabr: and

test activities) shall be documented in a Reliabilit) ign

Support Document (ROSD). One RDSD may document the analyses

for one or several RRCL

RDSDs shall

The equipment

and described by proper nomenclature, and

numbers including specific revisions.

-

documentation shall be com-

patible with

Failure mode information resuliting from cualitative reliability

assessments that could alt

er failure rate data or the equipmen

operating assumptions being used in a system model shall

lighted in the appropriate RDSD and by separate letter for

eration by the modeling organization.
The interface requirements specified for RRCL systems shall
reviewed and the failure effects on the systems function of
of each interface shall be assessed and documented in the
DS
A summary of the more significant CCFs identified shall be included

in the ROSD. The ' r di ioning each significant or

e i -

-~

the planned actions




8.4

9.4

10.4

Page Sixteen

REV. 0

A listing of interface inputs critical to system operation
shall be provided in the system assessments.

The final resolution of concerns and uncertainties shall be
provided in the RDSD for the document to be zonsidered final.
An explicit statement shall be provided in all future RDSDs
that the conclusions provided do or do not significantly alter
the RSS or SHRS numerical assessments provided in WARD-D-0118 or
GEFR 0007. This assessment shall be provided to the respective
modeling RM.

Component failures due to an interface shall be brought forward
from component analyses for assessment and documentation of

their effects at the system level in RDSDs.
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NUMERICAL ASSESSMENTS
shall provide a tool to
ivity to hardware failure rates
A by-product of the modeling program
failure probability assessments.
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A brier description of each of these data sources with the type of information
available is presented.

Nuclear Plint Reliability Jata System (NPRDS)

The Nuclear Plant Reliability Data System (NPRDS) program is a source of
operating reliability statistics for safety-related components and systems in
commercially operated U.5. nuclear reactor power plants. The program is operated
by the ANS 58.20 Subcommittee to collect engineering, operating, and failure data
from electric utilities on a quarterly basis and to report component and system
performance data on quarterly and yearly basis.

The scope of reportable systems and components to NPRDS is classified as
Safety Class 1 and Safety Class 2 in ANSI Standard N18.2 for pressurized water
reactors and in ANS 52,1-1978 for boiling water reactors. Also included in
equipment designated as Electrical Class 1E in IEEE STD 380-1975. Information is
collected on twenty-nine major categories of components of mechanical and
electro-mechanical designs.

Participants in NPRDS are provided with access to (1) complete engineering
data on components and system, (2) unit and system operating hours, (3)
statistics on reliability performance of equipment, and (4) complete description
of component failure including mode, type, cause, effect, and detection.

This information is suitable for design, operations and plant-betterment
engineers. The information may be used for reliability and maintainability
prediction and assessment and for design-improvement programs.

For additional information, contact:

NPRD System Coordinator
Southwest Research Institute
6220 Culebra Road

San Antonio, Texas 78284
Telephone: 512/684-5111

IIT RESEARCH INSTITUTE
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4) What is the size of the reliability staff?

Is staff composed of experienced reliability engineers?

Number of Professional? Degrees? Averagce Exper.lence?

Number of Non Professional?

Are supplementary reliability analysts used?

Are reliability related papers ~ublished regularly?

5) Describe the general functions of the reliability organization?

@ Specification?
(Prepare, review from reliability stancdpoint,

® Supplier relisbility audit & surveillance?

¢ Reliability (availability) analysis?

o [asign drawing and specification review (for adeguacy of

reliability requirements)?
e Component engineering?
e Design review (IDR)?
¢ Demonstration/acceptance test monitoring?
® Failure analysis?
e Data recording & analysis?
e Operational reliability assessment?

e Product improvement prcgrams?

6)

o
"
o

other organizations involved in reliability (ar related)

Test iabgratories?
Quality acsurawe?

Failure analvsis?

7) Are formal reliapility traning programs conducted?
- Reliability engimeering traiuisg?

- Operational & rmaintenance training?

"

functions?



II  PRACTICES AND CONTROL ELEMENTS DURING ACQUISITION

1) What is the basic approach to assuring system/equipment reliability?

What reliability indices are employed?

Are there formal policies/procedures ccvering:

e Determination of reliability requirements?

Are requirements derived from system risk analysis?
and optimizecd with respect to cost?

e Acguisition of new (or replacement) system/equipment to
meet the requirements?

e Operation and maintenance to assure :hat reliability is
maintained?

2) Are reliability requirements applied centractually on system designers
(A&E Firms) and hardware suppliers?

e DLesign?
MTBF Service LIfe Forced Outage Rate
MTTR Availability Planned Outage Rate

Start-up Reliability

Component Quality?

Redundance or back-up modes of operation? Fail safe design?
Ease of maintenance? Diagnostics? Modularity?
e Test?
Oevelopment/R growth? Screening?
Cemonstration? Acceptance?
Qualification? 100% Sampling?

e Management and control?

R program plan? Failure analysis and reporting?
Parts control? Data reporting, analyses and feecha
Critical item control? Reliability assessment?
Configuration control? Sub-contractor/supplier control?

Pregram/design review?



3) Are standard reliability program requirements imposed?
(Either fully contractually, limited or as a guide)
MIL STD 7857
MIL HDBK 2177
MIL STD 7817

4) Are system reliability program elements planned and applied?

.

A. Reliability prediction/apportionment/assessment?

Allocation techniques?

Numerical evaluation/prediction analysis?
Redundancy aspects of passive components?
Verification test metnods?

SFP detection methods?

The survey should address the objectives of the methods, e.g., are they used to:
(1) establish sub-system/component reliability goals, (2) provide quantitative
measures of reliability during the develcpment process (3) determine where

the design can be improved, (4) aid design trade-off decisions, (5) provide
criteria for planning (and verifying) reliability growth and demenstration
tests, (6) establish the need for redundancy, (7) identify single failure
points and provide guantitative input for early spare provision plans. The
survey should obtain information on the extent and effectiveness of system model
depicting the reliability interconnecticn of the subsystems and ccmponents,

the failure rates (and their uncertainties) used to support reliability pre-
dictions; the techniques used to apportion reliability requirements and to

set design goals for subsystems and components; and the actual test/field data
used to assess achieved reliability.

B. Maintainability prediction/assessment?
e Allocation technigues?
e Numerical evaluation/predicticn?

e Verification methods?

The survey should address the objectives of the metheds, 2.g., are they used
to: (1) establish subsystem/component maintainability goals, (2) provide

@ quantitative measure of how easily a design can be maintained (3) determine
wvnere the design can be improved. The survey should ocbtain information on
the effectiveness of the methods to aid cesign tracde-off decisions, plan and
verify test methods and provide input for early spare provisioning plans.
Haintenance level diagrams, work facturs, repair time cata (e.g., determined
via maintenance analysis and which accounts for human factors and
maintenance errors),repair frequencies (e.g., based on component failure
rates) and used to support maintainability predictions should be obtained

as vell as information on techniques to apportion maintainability require-
ments and set maintainability goals among subsystems and components,
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C. System interface?

Compatability?

Malfunction effects analysis?
Cetection/evaluation methods?
Rededial action?

Censequence analysis?
FMEA/FMECA?

Sneak circuit analysis?

The survey should address the effectiveness of analysis techniques in

evaluating system interfaces and compatibility between subsystems/components
particularly to determine the consequences of failure or malfunction on overall
system reliability. Information on how the methods are applied to cetermine,
for example, the need for redundancy and fail safe design features, identify
single failure points, identify critical items and to assure subsystem/component
compatability should be cbtained. Also the survey should address the effective-
ness of the methods in providing input to R&M models/predictions, icentifying
remedial action priorities, identifying critical items, defining failure
detection/evaluation methods and providing key inputs for developing maintenance
strategies and plans., The extent, depth and rigor of the tachnigues and in
particular the uncertainties of their results should be discussed including:

(1) FMEA/FMECA procedures and the basic data and information (e.g., from design
configurations, component engineering and part failure rates resulting from
predicticn studies) used to support the process; (2) structural models (logical
"and" and "or" symbols and failure events) used to support fault tree analysi
and (3) sneak patnh analysis techniques that are applied te further locate and
ultimately force out potential malfunctions, that occur without compenent
failure, due to the existance of a sneak circuit or latent path.

0. Trade-off study?
e Improvement technigues?
8 Cost-effectiveness?

o Improvement evaluation?

The survey should address technigues used to help make R&M trade-of f decisiocns
invelving the evaluation of desicn altsrnatives ac vell as “he determination of
program/test requirements. Information on how trade-off studies are per-
formed to determine, for example, the optimum MTBF /MTTR mix that would naximiza
availability should be obtained including sensitivity curves and other cats
vhich weuld shew the relationship of R&M parameterscontrols and engineering
tasks to zvailability and cost.




E. Independent Design Review (IDR)?
¢ Techniques applied?

® Reliability impact?

¢ Remedial action?

@ SFP assessment?

¢ Techniques to surface hidden system faults?

{

The survey should address procedures

applied to systematically review

performance, reliability, maintainability and various other system character-

istics at major design and testing decision points.

The survey should cobtain

information on the adequacy and completeness of checklists developed to

support design revieus.
adequacy should

Also the methods smployed to control the independent design
the thoroughness of deficiency follow-up control

Program pihns
R&M allocation, predictions and assessments

Criteria applied to determining conformance or
be obtained covering such desigqy/program items as:

Identification and evaluation of critical components

Test plans and procedures

Maintenance concepts

Subsystem and component specifications
Remedial actions

Single point failure (SPF) assessment
FMEA/FMECA/FTA/sneak circuit analysis or other
techniques to surface hidden system faults
Failure analysis reports

Growth test data

Production reliability assurance plans
Supplier control methods

Configuration management

Oocumentation and reports

discussed.

ceviews including

procedures should be

5)

6)

7)

How do data uncertaintities effect the system reliability

program elements?

How are the effects of operator and mailntenance actions
taken into account on safety system rellability analysis?

Are hargvare reliability program e lements planned and applied?

A. Hardware specificaticon?

e Reliability requirements (MTBF, MTTR)?
e Application technigues?



The survey should address techniques used to determine harduare R&M
specifications and, in general, how requirements are established that satisfy
safety requirements, operational availability needs and also that are attainabl
within the state-of-the-art. Information on how quantitative requirements are
established and how the requirements are formulated into a hardware specifi-
cation that reflects an effective balance of the varicus demands should be

cbtained.

8. Hardwvare selection?

e Reliapility experience?

e Failure rate considerations?

e Interface consideraticns?

e Hardwvare maintainability considerations?

The survey should address basic procedures and criteria applied to select
system hardvare e.q., tased on proven R&M and long life characteristics and
demonstrated acceptability to meet system needs). Information on how failure
rate and mode experience data, subsystem/compcnent interfaces (particularly
Setween R&M parameters and the system design and cdevelopment process), logistic
Factors and the supplier's background cr prior experience in the R&M and relatec
areas are considered in selecting critical hardware items should be obtained.

C. Component derating?
e Policy?
e Technigues?

e Are guidelines applied?

The survey should address the use of derating guidelines in the design of
hardware items to assure that all components are ocerated well within
recommenced stress limits. How techniques are applied to recduce the
proebability of hardware-induced failures and allov the components to
realize the full extent of their inherent reliability should be discussed.

0. Sereening?
e BSurn-in technigues?
e Testing criteria?

e Selection (part) approval?




The survey should address methods techniques and gquidelines used to plan
and implement hardvare screening and burn-in programs. Information on the
application of stress screening during hardware production on a 100% basis for
the purpose of revealing inherent, as vell as vorkmanship and process-induced,
defects without veakening or destroying the hardware, should be obtained in-
cluding screen test profiles, time duraticns, acceptance criteria and other
elements and controls., The methodologies and technigques to plan optimum screen
programs and to determine the most effective burn-in time periods should be
discussed, '

€. Production degradation control?

Methed of control?
Preventive action?

Acceptance?

Failure reporting analysis and corrective action?

The survey should address tachniques used to control reliability during many-
Facturing, to minimize degradation of intrinsic or designed-in reliability and
Lo accelerate reliability growth. Informaticn on methods of control, including
techniques to isolate intrinsic and induced defects in a manner such that
special inspecticns or screens can be applied to eliminate the defects should
be obtained. Information on failure analysis and data collection programs
covering failures reported during manufacturing and actual experience during
cperation and how the data is applied to modify and improve the manufacturing
pProcess should alsc be obtained,

8) Oescribe any other reliability practices and centrol elements
that are applied during acquisition?

9) Are IEEE and ANS standards effactive in Procucing component
reliability?

N

How is component reliability preserved in storage, and Quring
installaticn and coenstructior?

b o

[II  PRACTICES AND CONTROL ELEMENTS DURING OPERATION

1) How is reliability assured during operation and maintenance?

Is there an operating philoscphy? (2.g., minimum number
of hours per start)?

How is operaticnal staff erganized?

How 1s maintenance staff organized?



How is operational/failure data collected and analyzed?

Is the data system computerized?
What computer codes are used?
For what?

Are operational failures reported, analyzed and fed back to
system designers and manufacturers.

Is available operaticnal reliability data sufficient?

If not, how can it be improved?
At what cost?

Are operational reliability (and availability) assessments
performed periodically and reports prepared and issued?

How do data uncertainties effect the reliability
assessments?

Have product improvements programs been initiated?

What reliability program elements are planned and applied?
A. Maintenance policy/practices and strategy?
e Preventive maintenance?
e Corrective maintenance?
e Fault detection/isolation?
Logistics?
Oowntime control?

Service (life) time?




The survey should address basic maintenance concepts, maintenance perscnnel
skill levels, support equipment requirements, logistics, training repair
management, maintenance manuals and support data and other maintenance
parameters, Information on the rationale/cost benefits of the maintenance
parameters and techniques for establishing preventive maintenance freguencies,
corrective maintenance orocedures, fault detection/isclation methods and,

in general, controlling dountime over the entire service life of the system/
equipment (40 years) should be obtained.

8. Replacement strategy?

e Time constraints? (frequency)
® Replacement criteria?

e Verification?

The survey should address various replacement strategies including those
Sased on time (or number of cycles) constraints as vell as those based

on the cperational condition of the hardware. Information on methods and ratior
ale for establishing replacement criteria (time/cendition factors), throwavay
concepts, and verification that replacement vas accomplished properly, and

that the hardware is restored to full cperational integrity should be obtained.

C. Reliability grouth program?

® Failure analysis procedures?

e Reliability improvement technigues?

e Diagnostic activity?

e Requirements verification (MTBF/MTTR)?

e Immaturity failures versus random failures analysis?
e (Cetecticn of latent defects during test, method?

e ‘learout failure problem, solution?

e S ——

The survey should addr
had el
-

theds applied to analyze, correct, improve
in general, g v

- 1 lity. Information on automatic moenitoring functis
Cesignec o survey selected system performance parameters or cperating condition
\Such as temperature) in order to detect impending system/comperent malfunction
ind Lo make (or allow) compensating ad ustments or correcticns should te obtaine
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The extent and depth of built-in hardware diagnostics, the application of
end-to-end verification testing, and the rigor and thoroughness of failure/data
analysis procedures should be discussed. Also failure/data analysis procedures
and activities should be discussed vith respect to determining the extent and
effectiveness of: (1) analysis technigues to determine root causes as they

relate to various harduvare technologies; (2) statistical technigues to isolate
infant mortality, random and wearcut failures and to establish trends, and;

(3) control methods to define perscnnel responsibilities, scheduling requirement
depth of analysis activities, reporting forms, feedback mechanisms and output
requirements particularly relative to assessing achieved R&M parameters such

as mean time between failure (MTBF) and mean time to repair (MTTR).

IV PROGRAM EFFECTIVENESS

1) DOuring system/equipment accquisition were all of the original R
program requirements (system/hardvare elements) completed in
their entirety?

2) As the programsprogressed, did the attenticn to the reliability
requirements increase, decrease, or stay the same?

3) ‘hich requirements or program elements are considered mest cost
effective in detecting and correcting failures prior to plant
operation?

4) Did significant management changes or organizaticnal changes occur
during the programsaffecting th manuracturer, system designer or the
utility?

If so, did this change the attitude tegarding the reli-

ability requirements?

5) Were there major changes in the course of the programs such
3s program stretch-outs, performance cefinition changes, etc.?
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