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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
i prcportion 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
generation could be produced if limited 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.

4

. Crnfidence Level - Statistical boundaries limiting an estimate with a specified
i

i risk.
4

I
.

A technical and administrative process uscd to; Configuration Management -

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 confonn to the
1

| documentation.

Corrective Maintenance All unscheduled inspection, testing, or repair-

activities performed on equipment, following its failure, for the purpose of

irestoring 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 debugging
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 process 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 demonstrate and validate
economic, environmental, and productive capacity of a near-commercial size plant

i by integrating and operating a single modular unit using commercial-size
components.

D: rating, Seasonal - The difference between gross maximum capacity and gross
dependable capacity.

1

i
D;: rating, Unit - The difference between gross dependable capacity and gross
available capacity.

!

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

| Design Reviews - Meetings held during the design process to critically examine
th e product design, configuration, design documentation, test program planning,
ar d test data.

Design Review, Critical (CDR) - A formal customer review of all accomplishments
duhingdetaileddesign. This may entail review of prereleased detailed design

j do cumentation; e.g., drawings and specifications, analytical a sperimental
i'

ve{ification 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

| arrangement 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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Failure Analysis - The study of a specific failure to determine the f ailure mode,
mechanisms, and/or the circumstances that caused the failure.

Failure Effect A description of the consequence of the failure in terms of
operating or performance characteristics; e.g., shutdown, loss in efficiency,
safety hazard.

Failure Mechanism - The physical process or occurrence that caused a failure
!(e.g.,stresscorrosioncracking,operatorerror,equipmentmalfunction, relay

contacts welded by overload, and bearing frozen by contamination with foreign
,

material).

Failure Mode - The observed local result of a f ailure, e.g. , leak, loss of
control, false output.

I
Failure Modes and Effects Analysis (FMEA) - Identification and documentation of
each significant failure mode cf each item and the impact of the occurrence of
that mode of failure on the component, other components, and the overall
operation of the system.

| Failure (Noncurtailing) - A component failure that occurs with no effect on the
output of the plant.

1 )

i

Failure Rate (Failure Per Unit of Time) - The number of failures per unit of time
in a specified time interval.|

Failure Reporting and Corrective Action - A systematic and comprehensive method
of reporting failures and a means for implementing the corrective maintenance
indicated by these failures.

Fault Tree Analysis - A method for relating a pro:ess or system failure to
equipment, component, or materials f ailure modes using f ault trees. A fault tree
is a model that graphically and logically represents the various combinations of
possible events, fault and normal, occurring in a process or system that leads to
the top event. Process or system elements may include hardware, software, and
human and environmental factors.
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Forced Outage Rate - The ratio of forced outage hours to operating hours, plus
forced outage hours.

Functional Configuration Audit - A formal examination of test data, prior to
acceptance, to verify compliance of measured performance with specification

requirements.

Functional Test - A test that directly or indirectly measures a specific function
of equipment or a component.

Hazard - Any real or potential condition that can cause injury or death to

personnel or damage to or loss of equipment of property.

Life-Cycle Cost Analysis A function whose objective is to optimize the-

economics resulting from costs expended for design, construction, operation, and
maintenance of equipment, a component, a system, or a process. LCC analyses are
significant for:

o Assisting engineering in design trade-offs by providing a baseline of
total life-cycle costs for all major design alternatives

o Providing a basis for determining the least cost involved in other major
project alternative (e.g., maintenance concept development, planning
system operation and support activities, and maintenance planning).

Load Factor - The ratio of the actual energy supplied during a designated period
to energy that would have been supplied if the peak load were to exist throughout
the designated period.

Loss-Of-load Probability (LOLP) - The proportion of time that the generation
ivailable is unable to meet the system load (kilowatt). The loss-of-load
arobability is normally expressed in terms of days when the load is not met in
the years studied, e.g., an LOLP of one day in 10 years means the load is not met
]ne day in a period of 10 years.
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i

|
|

| Maintainability - A characteristic of design and installation that is expressed
1' as the probability that an item can be restored to operation within a specified
| period of time when mair.tenance is performed in accordance with prescribed

procedures and resources.

Maintenance All actions necessary for retaining an item in a specified-

condition before failure or breakdown (preventive maintenance) or the process of
restoring an item to return it to a workable condition (corrective maintenance).

Maintenance Concept - A description of the planned general scheme for maintenance

and support covering replacement or repair philosophies, personnel factors,
maintenance time, schedules, special tools, materials, supplies, spares, and

other resources required to perform either corrective or preventive maintenance.

Maintenance Engineering Analyses - An analytical process in which the

quantitative requirements, support resources, cost, operational objectives, and
safety considerations that effect each preventive and anticipated corrective

maintenance action are estimated and documented.

Mean Time Between Failures (MTBF) - Total operating time (frequently stated in
hours) divided by the total number of failures.

Mean Time To Outage (MTTO) - Operating time divided by the number of outages
experienced. This measure can be calculated for full, partial, or all outages

(i.e., planned, forced) and is most applicable to mature technologies.

Mean Time To Resotre (MTTR) - Average time to restore the system, process, or
facility to full operability af ter an outage (full, partial, or all). This

neasure includes all maintenance and delay time encountered in restoring a
system, e.g., waiting for parts. It can be used for identifying problems early
in the maintenance program, the operational procedures, and the system design.
It also includes time used for operator-initiated restoration activites (e.g.,

restart actions), which may restore the system in lieu of performing a

maintenance action.
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kran Time To Repair (MTTR) - Average time to repair (or replace) a' failed item

luring corrective maintenance. This measure excludes time waiting for parts,

; ravel time, and other time not directly associated with the performance of the
:orrective maintenance activity. It can be used for identifying problems early

in the maintenance program and/or system design characteristics affecting

1aintenance.

tean Maintenance Man-Hours - Average total maintenance man-hours required to

aerform preventive maintenance (servicing) and corrective maintenance (repairs or

'eplacements of failed items). This measure is important in evaluating required
laintenance staffing and projecting future maintenance costs,

lond:structive Testing - A test that is neither functional nor potentially
lestructive. It is performed to establish acceptability, e.g., X-ray analysis,
eak tests, ultrasonic tests, etc.

'n-Stream Time - The percentage of time in a period that the system, process, or

acility is producing products equivalent to " operating availability."

utage, forced - The f ailure of a system resulting a loss of all or part of the
'utput. A full outage results in complete loss of output; a partial outage
esults in degraded system output,

utage, Planned - The period a unit is unavailable due to inspection, testing,
uclear refueling, or overhaul. A planned outage is scheduled well in advance

nd is of a predetermined duration.

ercentage Reserve - The margin of installed capacity in excess of the expected

eak load.

erfonnance Assurance - A method for the systematic treatment of reliability,
aintainability, availability, life-cycle cost, standardization, configuration
anagement, and quality assurance in the design, construction, and operation of a

.

ystem.
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Performance Indices - Completely describe the performance of electrical-power
operating unit. Included are capacity factor, availability (operating and
equivalent), and outage rates (forced and planned).

Pilot Plant - An R&D project designed to establish integrated process feasibility
by combining commercial type (not commercial size) components into a small model
plant to test and evaluate the critical parameters of scale-up. It also is used
to acquire engineering data needed to assess economic feasibility and design a
larger near-commercial size plant.

Plant - The aggregate of major systems, personnel, procedures, and practices that
perform the collective total functions of a process (e.g., coal liquefaction).

Plant Operability - The overall cost-effective plant generation needed to
produce a required quantity of acceptable products at a predictable rate and at
an acceptable level of reliability.

Preventive Maintenance - Actions performed in an attempt to keep an item in
working condition and prevent failures or degradation of performance

characteristics by planned (usually scheduled) servicing, replacement, overhaul,
etc.

Quality Assurance - The system of engineering activities that assures quality by
performing and preparing implementation documents for quality control. It

includes analyzing all quality-related considerations for the development,
implementation, and continuing evaluation of a quality control system.

Quality Contrtl - The system of inspection and testing activities that are

performed, documented, and used to measure, monitor, and control quality as well
as to initiate corrective and/or preventive action in controlling selected

characteristics of an item. It also performs the acceptance or rejection

function at key points in the evolution and/or use of a product and implements
the quality control system developed by quality assurance.

Redundancy - The existence of more than one means for accomplishing a given task,
where all means must fail before there is an overall failure to the system.

Ili REsEARCH INSTITUTE
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Redundancy, Parallel - The existence of two systems working at tfie same time to
accomplish the task, where either system can handle the job itself in case the
other system fails.

Redundancy, Standby - The existence of an alternate means of accomplishing the
task which is switched in by a malfunction sensing device when the primary system

fails.

Reliability - The probability that an item or process performs its intended

function for a specified time interval under a stated environment.

Reliability, Dynamic - The ability to withstand a sudden outage in its first few
seconds or minutes without causing additional loss of facilities (i.e.,

preventing a cascading effect that may lead to widespread blackout).

Reliability, Inherent - The potential reliability present in an item's design.

Reliability, Operational - The assessed reliability of an item based on field
data.

|

| Reliability, Starting The ratio of staring successes to total number of-

starting attempts.

Reliability, Steady-State - The system's ability to meet demand within specified
voltage limits and the ratings of transmission lines during outages of some
generating units and transmission lines.

Risk - The probability of occurrence of a specific deleterious consequence with a
specific dimension, e.g., number of fatalities.

Security - System reliability in the steady-state and dynamic sense assuring
actual operation, in contrast to its assessment (used by utility operating

personnel).
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Standard - A prescribed set of rules, conditions, or requirements established by
standards setting bodies, concerning definition of terms, classification of

components, specification of materials, performance or operations, delineation
of procedures, or measurement of quality and quality in describing materials,
products, systems, services or practices.

Service Life - The period of time during which a material, component, equipment,
system, or process is expected to perform in a satisfactory manner under

specified operational conditions prior to wear out or obsolescence and

consequent removal from service.

Subsystem - A combination of personnel, equipment, procedures, and practices
that performs a subgroup of functions within a system, e.g., " carbon burn-up

cell," " hot gas cyclone," and " coal preheater."

System (Major) - A combination of personnel, equipment, procedures, and

practices which performs a distinct group of functions within the plant, e.g.,
" utilities system," " coal preparation," " fluidized bed combustion system," " gas
cleanup system".

System Safety Engineering - The activities indentified with the analysis of
system design and operation for the timely identification and elimination of
hazards. System safety activities closely parallel those of reliability to
ensure that system safety is achieved early in the design phase and maintained
throughout the system life cycle.

Trade-Off Analyses - Studies performed to optimize design in which

interrelationships among performance, technical risk, cost, schedule, and safety
are established and the effects of variations in these factors are determined.

Jseful Life - The length of time an item operates with an acceptable failure
ate.

I
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APPENDIX B

1

SUMMARY OF UTILITY INTERVIEWS

This appendix presents a brief summary of the findings of the survey
interviews which where conducted at the utility f acilities. Those details
considered proprietary sensitiNare not included in this appendix. The names of
the persons interviewed are presented in Table 2-3 of Section 2.3.

|

|

|

|

t
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APPENDIX B

SUMMARY OF UTILITY INTERVIEWS

COMMONWEALTH EDIS0N

Commonwealth Edison has developed a substantial reliability program that is
oriented towards productivity improvement in the operating stations. This

program was initiated five years ago with documentation and formal implementation
beginning three years ago. The program has an initial goal of regaining 10% of
lost operating hours. The methodology for achieving this goal involves
identifying productivity problems, determination of causes and corrective

actions, estimation of productivity improvement, monitoring implementation and
estimation of cost effectiveness. Priorities for implementation of improvements
are established in accordance with a " Top Twenty" list of problems in order of
Nonoperating Hours caused.

The National Electric Research Councile (NERC) data format is used for
recording outage data for 130 activities and components of a unit at a generating
station. These data are given to NERC quarterly and processed annually into a
Nonproductivity Report. The report provides a measurement of Unit Nonoperating
Hours caused by each NERC component and activity.

The " Top Twenty" is selected based on those items whose Unit Nonoperation

Hours, times the average annual fuel replacement cost, reveal the greatest
cumulative costs. These economic measurements provide an upper bound for
budgeting engineering analysis and retrofit.

The productivity improvement program, although lossely under the purview of
eliability, incorporates very little actual reliability tcchnology. Formal

eliability analyses are not conducted on units, or subsystems of units. The

eliability group contains no expertise in reliability engineering, but rather,
he specialists within the engineering department. A program is under

onsideration to employ more reliability analyses in the productivity

mprovement program. The nature of the reliability program anticipates the time
hen all nuclear stations are operating, and little procurement or construction
ctivity is present.

IIT REsEARCH INSTITUTE

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - --_



- _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _

PACIFIC GAS & ELECTRIC COMPANY

Pacific Gas & Electric company has no formal reliability program at this
time, but they are planning one for the future. Although there is no formal

reliability program, many of the things being done, e.g., trend analysis, could
be considered elements of such a program. Also, the economic incentive is there,
in terms of providing increased plant availability. .

In order to meet their requirements for data collection and analysis, they
are in the process of designing a computerized maintenance following system,
which will consist of a central computer with remote terminals. In addition to

:ollecting f ailure and repair data, it will be used to perform forecasting, trend r

Inalyses, impact of design changes, f ailure predictions, reliability analysis,
3RA's, etc. It will also be used to prepare and analyze LER's and NPROS data.

IAN DIEGO GAS & ELECTRIC

Very early in their design of the Sundesert Nuclear Power Plant (which was
:ancelled in 1978), San Diego Gase & Electric Company (SOG&E) initiated an
(vailability program which could also be termed a Reliability Program. With full
;DG&E management support, a specific goal of 90% availability was established,
shich was to apply to each unit af ter it had reached maturity (completed 3 years
if operation), and a goal for the capacity factor was set at 80%. Av ailability
:nd capacity factor were defined as follows:

AV D* 5 X 100%Operatina Availability = g Hours

where

Available Hours = the time in hours during which a unit or major
equipment is available for service whether or not it
is actually in service

Period Hours = the clock hours in the period under consideration

llT REsEARCH INSTITUTE
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Total Electric Generation in MWHCapacity Factor = . X 100%
! Period Hours X Maximum Dependable Capacity in MW

where

Maximum Dependable Capacity = The dependable capacity, winter or
summer, whichever is smaller, in MW

electric.

Once the goals were established, SDG&E developed a plan to achieve the goals,

and an organization with authority and resources to implement the plan. Since

they could not find documentation by other utilities or in the literature, SDG&E
essentially developed their own plan through the efforts of a consultant. The
Sundesert Reliability Engineering Guide (1976) was the resulting document which
details the steps to be taken to subdivide the 90% availability goal into pieces
small enough to manage. The objective was to identify, in as much detail as
possible, those systems and components that cause unit outages, and to qua.1tify
those outages, so that priorities could be established for redesign efforts.

The authority and resources were provided through the Sundesert Availability
Committee, chaired by SDG&E Nuclear Department Manager, and having one member

from the Project Management Office, and one Reliability Engineer from each
contractor. SDG&E was further represented by thier consultant, several SDG&E
engineers, and the Reliability Engineer action to coordinate the program.

Furthermore, SDG&E Management, from the President down, was cognizant of the
program, and the responsible Vice President and the Sundesert Project Manager
carticipated in some of the committee meetings.

SDG&E's Reliability Engineering Guide (Appendix C) outlines in detail the
flow and structure of the various reliability engineering activities with a brief
description of each activity. In addition to the development of the overall

eliability program, the program, basically as it developed through 1978, was to
:onvert the availability goal of 90% to an unavailability goal of 10% or 876
iours per year, and then allocate this time to the various critical systems and
:omponents. Each contractor was then asked to further subdivide his basic
.llocations to the system level and then to the component level as information on
ailure rates, and from reliability analyses, became available.

IIT REsEARCH INSTITUTE



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i

The basic formal data sources used were

1. Generating Availability Data System (GADS)

2. Licensee Event Reports (LER's)

3. Nuclear Plant Reliability Data system (NPRDS)

The SDG&E Sundesert Reliability Engineering Guide contains analyzed data on
the allocation of unavailability for system and subsystems of a nuclear power
plant, and preliminary reliability and maintainability allocations of these

systems and subsystems. Also, a Reliability Critical Items List (RCIL) was

established to focus attention on those components and systems reflecting the
highest unavailability. The RCIL was extended to include mean-time-between-
failures (MTBF) and mean-time-to-repair (MTTR), and the status of the
reliability effort for each item.

TENNESSEE VALLEY AUTHORITY (TVA)

The TVA reliability engineering function for nuclear plants has been

assigned to the Nuclear Engineering Branch of the Office of Engineering Design
and Construction. The Nuclear Engineering Branch has a Reliability / Availability
Section but they do not, as yet, have a formal reliability program. The people

who could be used to develop and implement a reliability program are heavily
involved in learning how to perform probabilistic risk assessments (PRA's).
Thus, they provide technical support to nuclear power operations. As a result,
they anticipate that it may take as long as five years before they have an

adequate reliability organization and a formal Reliability Program Plan. They

feel that they should first become adept at performing PRA's; then, they will be
better able to define the elements of a reliability program needed at inputs for
a PRA analysis. They have a consultant under contract to: 1) perform PRA's at
several of their plants; and 2) to train TVA personnel to perform PRA's so that
they have their own in-house capability.

TVA estimates that it takes an average of 15 manyears to perform a nuclear
4ower plant PRA. They feel that a PRA is a decision managing tool that would be
seful for " fine tuning" the deterministic design methodology currently in
'idespread use in the nuclear industry.
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PRA methodoloqy will be used quite extensively for each TV nuclear power

plant. Their existing math models are being expanded to provide a full plant
model capability. TVA engineers will be trained on how to use the full plant
model. 'nally, a separate group at TVA will be assigned to keep the full plant
model up-to-date, and use it to perform PRA/ Safety / Availability analyses.

The PRA currently being performed is concentrating on system interactions,
analyzing each system for common mode failures. The focus is on design

improvements.

In the past, the safety people at TVA also covered reliability analyses. In

performing reliability analyses, they used the exponential distribution of

component time-to-failure.

They have developed their own definitions of safety related items, based upon
the NRC requirements, with TVA interpretation. They have broken them down into

two classes:

1. Primary safety functions
2. Secondary safety functions

Based upon the definitions and classification, each plant prepares a

Critical Systems, Structures, and Components List (CSSCL). Any item on the CSSCL

requires an LER, if it malfunctions. The first step in preparing an LER is the
preparation of Reportable Occurrence Report (ROR) (TVA unique form). Each ROR is

reviewed by the Nuclear Engineering Branch to determine if an LER is required.

The safety people also perform the following functions:

1. Do FMEA's and interaction analyses.
2. Write design criteria and review contractor designs.
3. Analyze "backfits" and operating procedures for safety implications.
4. Review operating experience data.

IIT RESEARCH INSTITUTE
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The three basic questions to be answered in the safety ana' lysis of a new
i design modification are:

1. Does it decrease the margin of safety?
2. Does it increase the probability of an accident?
3. Does it create the possibility of new accidents?

They generally find, and try to fix, most of their problems during plant
shutdown for refueling.

They do not review maintenance instructions for safety implications.

TVA is in the process of setting up its own computerized database for

component and equipment failure rates. They are using plant specific data as
well as generic data from sources such as WASH 1400, NPROS, MIL-HOBK-217, etc.

They merge the plant specific and generic data by means of Bayesian statistical
analysis techniques.

Their plan is to ultimately set up a centralized computerized database with
remote terminals at each of the plants. The plan is to have a Data Collection and
Analysis Center operated by a scparate group.

FLORIDA POWER & LIGHT

The Florida Power & Light reliability program is a maintenance management
program with an emphasis on a data collection and feedback system called
Generation Equipment Management System (GEMS). GEMS translates plant work
orders into various computer codes that provide information as to plant unit,

specific equipment involved, major and minor equipment codes, action taken,
nanufacturers, reason / root cause codes, outage hours, power curtailed (in MW),
nanhours spent in repair, materials and their costs, and contractor cost.

Data are reported in a formal Unit Availability Report. These reports are
iubmitted for all plants. In a quarterly report, all systems or items which led
o an outage (took a plant off-line) during the quarter are identified, together
'ith the cost of the occurrence and the probability of loss. From this report,
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overtime, mean times between failures, mean times to repair, unavailabilities,

and costs are generated; these then lead to a critical items list--items which
require attention. Each item is given to a specialist within FP&L to fix. Thus,
the data from the Unit Availability Reports provide an essential starting point
for improvement efforts.

In June, 1982, they hope to initiate a probabilisite analysis of
operationally critical systems; they will supply their data to a fault tree

analysis program.

The nuclear and fossil programs are on the same level, use the same systems,
and have the same philosophy. There is no reliability person or program

especially for nuclear, just for the total system.

GEMS was established in 1971 and tied to work orders in 1972; so FP&L has 10

years of good data with which to work. Over the 10 years, FP&L has shuffled the
program around and solved most of the problems. About three years ago, it was
decided to initiate no new programs, but to make use of what they already had.

FP&L then does not have a formal reliability program, per se, just the
informal program described above. They tried to get a reliability person on

staff to develop a future reliability group, but the position was cut out of the
budget, so they're sticking with the informal program for now. The emphasis of

the program is on operations and maintenance, especially a well-planned,

scheduled maintenance program. They have no formal Reliability Centered
Maintenance (RCM) program, but a maintenance management system based on
oerformance losses and boroscope inspections. Time is a factor in maintenance
scheduling, but it is tempered by other factors.

A report entitled " Power Resources Department Reliability Program", February
), 1979, contains a list of all the things that FP&L does in the area of
eliability, not a description of a formal program. They do issue " Reliability
teports on ...." to guide them in decision making on various issues, i.e., which

-ystem to buy, whether to backfit, etc. For these reports, they use mainly their
en formal reliability data. They sometimes use NERC or NPRDS data.

Ili REsEARCH INSTITUTE
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They do not use reliability formally in procurement, but 'they do use
historical reliability data to select vendors.

.

DUKE POWER COMPANY

Duke Power Company does not, at this time, have a formal reliability program.

They are just starting one; it won't really be in place until the end of the
The program will be geared to increasing plant availability. They aresummer.

currently in the data collection phase of the program to determine which way to

go.

Essentially, they are collecting failure and repair time data on the
components and systems in each operating plant. These data will be analyzed to

determine the " cost drivers" which are contributing to reduced plant

availability. They will then prioritize the " cost drivers'' and develop and
document an Availability Improvement Program tailored to each plant.

Their primary concern is to improve the reliability, availability, and
naintainability of existing plants. As they view it, there are three phases of a
reliability program:

1. Visual inspection for obvious design and manufacturing defects.

2. Detailed analysis of design, operating, and maintenance procedures to
uncover areas for improvement.

3. Formal reliability program.

They have been concentrating their efforts on the first two phases, and are
ibout to enter the third phase.

Their approach is to identify problems and feed them back to the design
:ngineers for correction. Their feedback mechanism is a Feedback Guide which is
'rovided to the designers. Essentially, it is a " lessons learned" document which
ontains detailed descriptions of problems encountered in operation and the
arrective action recomended. Hopefully, by using the Feedback Guide, which is
sort of corporate memory, the designers will avoid making the same mistakes in
he future,

ilT REsEARCH INSTITUTE
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The definition of plant availability that they use is:

S urce Hours + Reserve Shutdown HoursAvailabilit7 = iotal Period Hours

They do perform some R&D reliability studies. They are currently developing
a reliability prediction technique for steam generator tube failures based upon a
Weibull distribution of time-to-f ailure. Reliability numbers, e.g., MTBF, are

beginning to be used in some of their studies, but they do not specify
reliability numbers in their equipment specifications.

They are currently developing what will ultimately become a computerized
component data collection and analysis system. It will be utilized for

performing PRA's. It will use:

1. Plant specific data from the Work Request System.
2. NPRDS and LER data.

3. Data form in-house component testing.

MIDDLE SOUTH UTILITY SYSTEM (MSUS)

MSUS has developed an Availability Improvement Program (AIP) which has the
goal of minimizing plant life-cycle costs. The key elements of the AIP are:

1. Capability to conduct system / unit / component level quantitative
availability analyses.

2. Capability to conduct quantitative unit life-cycle analysis.

3. Computerized data system to support 1 and 2.

The AIP is divided into a short term program and a long term program. The

short term program is aimed at the use of available data to determine major
problems and availability improvements that might be made by solving those
problems. The long term program includes the following elements:

1. Unit Model Baselines (UMB's)

o evaluate equivalent availability (EA)
lli REsEARCH INSTITUTE
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o mathematically model the hardware
o rank problem areas by impact on EA
o provide basis for Unit Availability Investigations (UAI's)
o provide input to Cost Benefit Analysis (CSA's).

2. Unit Availability Investigations (UAI's)

| o focus in specific unavailability problem areas
| o determine root causes of unavailability problems

o determine feasible solutions to unavailability problems
o evaluate risks associated with solution implementation
o provide inputs to CBA's.

3. Cost Benefit Analyses (CBA's)

o accept inputs from UMB's and VAI's
o evaluate economic benefit of proposed solution on a life-cycle cost

basis.

4. Availability Data System (ADS)

o provide AIP analysts with the analytical tools necessary to conduct
availability improvement studies. '

5. Training of MSUS engineers in AIP methodologies

The long term program was scheduled to be implemented over a five year
period, beginning 1979. As of the middle of 1981, the following had been

accomplished:

1. 12 UMB's completed

2. 8 UAI's completed or in progress

3. CBA in progress

4. 21 AIP specialists on board, 5 at MSNA, the rest spread almost equally
across the four operating utilities.

The computerized Availability Data System consists of the following

subsystems:

1. Generating Availability Data Reporting System (GADRS)

o Data armaisition system (just went on line)
o NERC/GADL data report generation
o NPRDS data report generation

lli REsEARCH INSTITUTE
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2. Basic Analytical Cycle System (BACS) (Computerized UMB)

3. Cost Benefit Analysis (CBA)

4. Unit Availability Investigation (UAI)

5. Advanced Analytical Cycle System (AACS)

o G0 (developed by EPRI, based upon point estimates of component
failure and repair rates)

o RAM (uses probability distributions and confidence intervals for
failure and repair rates--if available)

The complete system will not be on line until 1984; as of this time, they are
in the process of implementing the data acquisition phase of the Generating
Availability Data Reporting System.

CONSOLIDATED EDISON

Consolidated Edison has an advanced reliability and maintainability (R&M)
program, transferring DoD/ NASA R&M technology to Consolidated Edison, which has
been developed over the past 10 years. The work encompasses most of the elements

of a good R&M Program.

Reliability engineering has provided the greatest return to Consolidated
Edison in the following areas:

Failure Analysis

The root cause of repetitive failures has been determined in several areas.
Deeper and more scientific analysis succeeded where past techniques had not.
These skills are being brought in-house.

r ailure Mode and Effect Analysis

Rigor.ous, step-by-step analysis of the ways that systems can f ail and the
dfect of each failure (with probabilities) has resulted in design changes and
'mproved operating procedures.

IIT REsE ARCH INSTITUTE
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Desion Review

Reliability engineering design review has resulted in the establishment of
specific contractual requirements for reliability, availability and

maintainability. It has also permitted introduction of human factors
considerations resulting in the reduction of both operating and maintenance
manpower. The chances of " operator error" have also been reduced. These

benefits are the result of review from a viewpoint different from pure system

function.

Data Management

Data systems have been set up that, while collecting reliability and

engineering data, are used to provide information to operating departments. The
information has made possible significant productivity increases and manpower
savings. The data capture and retrieval methods introduced by reliability

engineering have brought computer utilization and benefit directly to operating
personnel.

Spare Parts Analysis

Using failure and repair statistics as a basis for selection of spares has
reduced cost and increased equipment availability. Vendor recommendations often
tend toward expensive and/or high-profit items. This new approach uses failure
and repair statistics to optimize the choice of spare parts.

Failure Prediction

Quantitative predictions of probability and frequency of failures and

determinations of the useful life of equipment have resulted in more cost-

effective purchases. They have also been used to good effect in capital equipment
and manpower budgeting.

IIT REsEARCH INSTITUTE
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Life-Cycle Cost Analysis

Analysis of the total cost of equipment, including purchase price and cost of
installation, operation, maintenance and removal for replacement has shown some

surprising results. Lower life-cycle cost for equipment has resulted.

They have 9 in-house people (5 direct, 4 indirect) to support the reliability
program and a contractual budget (~$250K) which enables them to tap any one of up
to 100 outside specialists to do R&M studies,

t

Consolidated Edison purchases some equipment against quantitative

reliability specifications. See Appendix E for an example of an equipment

reliability specification used by Consolidated Edison. The reliability

specification is based upon MIL-STD-785, " Reliability Program for Systems &
Equipment, Development and Production," which is used in DoD procurements. It

has been tailored to Consolidated Edison requirements.

One approach to equipment reliability specifications is to use Reliability
Improvement Warranties (with incentives and penalties) based upon a life-cycle
cost analysis. Consolidated Edison uses a 5-year warranty for specified
availability, leaving the contractor to establish the MTBF/MTTR trade-offs to
achieve the specified availability.

Consolidated Edison intends to have at least 6 equipment reliability

specifications within the next 6 months. Future plans call for the development
of a generic reliability specification from which individual equipment

reliability specifications can be tailored.

For reliability predictions, Consolidated Edison uses the exponential

distribution to time-to-failure because of its simplicity, relative accuracy,

and mathematical tractability.

Thus, the basic thrust of their program is to find the " cost drivers," and
fix them to increase plant availability.

IIT REsE ARCH INSTITUTE
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Consolidated Edison does have an internal Qualified Vendor's List from which
they make their equipment buys based upon previous, good experience.

Consolidated Edison has in operation a rather sophisticated reliability and ,

maintainability data collection and analysis system for their plants. It is not

an in-house system; they buy it from a time-sharing organization.

To improve the adequacy and accuracy of their database, Consolidated Edison
is developing a computerized Power Plant Maintenance Improvement System (PPMIS).

The application of the data collection and analysis system is to increase

plant availability, perform trend analysis studies, and do PRA's.

NORTHEAST UTILITIES (EU)

NEU has a Reliability Engineering Group whose primary goal is to increase
plant availability. The program emphasis is on determining those components
which are the major contributions to plant unavailability and recommending
corrective action.

The main elements of their program are:

1. Thermodynamic analyses of plants to find and locate components with
cause power degradation.

2. Vibration signature analysis to detect impending failures.

3. In-service inspections to detect impending failures.

4. Root cause analysis studies to discover and correct the basic failure
modes and mechanism.

Although it is not yet in place, NEU is planning to develop and apply a
Reliability Centered Maintenance (RCM) concept for its plants in order to

optimize the maintenance process for maximum plant availability. They are

currently conducting an economic study using reliability data to develop an
1ptimum procedure for buying spare motors. The study will be completed in 6
nonths. NEU's policy on plant availability improvements is that the payback must

itT REsEARCH INSTITUTE
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occur within one year; this is because of the problems that some utilities are
having in obtaining investment capital.

NEU has a Qualified Vendor's List which is under the purview of the Quality
Assurance (QA) Department. QA surveys prospective vendors who are not on the
list to insure that they will provide products of the required quality.

NEU does some equipment qualification testing in their Electrical
Engineering Group; they are primarily concerned with the aging of electrical
insulation.

NEU does not use reliability specifications to buy equipment. However, they
support the concept, and are planning to use it in the future.

NEU has participated, and will continue to participate, in the Interim
Reliability Evaluation Program (IREP) in which a reliability evaluation is being
conducted on two of their plants. They anticipate that the two studies will
require a total of 10 manyears.

NEU has conducted a PRA on Milestone 1. The Fault Tree Analysis (FTA)
computer codes are currently on the NEU computer. NEU is developing an in-house
capability to do PRA's; they are also training their designers to make PRA's part
of the design process.

NEU is in the process of developing a computerized plant data collection and
analysis system to develop MTBF and MTTR data in order to increase plant
availability.

In addition to plant-specific data, they plan on using data from:

1. NERC/ GADS

2. NPRDS

3. NRC Graybook

4. LER's

5. IEEE STD 500

IIT RESEARCH INSTITUTE
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They are currently collecting the data manually and putting it into the
database. The nuclear plant database is in pretty good shape (from a computerized
standpoint); the fossil plant data is still, mainly, manual.

CAROLINA POWER & LIGHT COMPANY

The Carolina Power & Light reliability efforts at corporate level are

concentrated in one individual. Others at corporate level are also performing
reliability type functions, but primarily directed toward improving safety and
efficiency. It has always been a " goal" to set up a formal Corporate Reliability
Program, but it has never been dona. Primarily, the reliability efforts have

been directed toward design and development of individual reliability programs
at each of individual CP&L plants.

The Nuclear Safety Group at corporate level has assumed some reliability
functions such as data collection, reviewing LER's from NRC and using NOTEPAD.
These efforts have primarily been directed at meeting NRC requirements, and have
absorbed the limited resources available. The Safety Group also does trend
analysis to determine root cause of failures and assess if failure is due to

normal wearout, random failure or overstressed conditions. They then attempt to
determine if a better part is available.

CP&L also collects data and performs analyses of plant operating conditions
such as downtime, forced outages, maintenance records, and quality assurance
programs, in order to improve plant efficiency and maintenance scheduling.

However, these data are not analyszed as part of a formal Reliability P ogram.
CP&L's Corporate Material Control Division uses the data for inventory control,
sparing, some quality control, and provides direction to plant reliability

engineers to work with manuf acturers on specific problem areas. A Preventive
Maintenance Mana'gement System has been established to look at all outage data to

adjust and prepy3n preventive maintenance. Also, CP&L works with Combustion

Engineering to 6|aluate root cause of failures and make recommendations (CP&L
makesdecisionijtheycan,orshould,implementtherecommendations); Babcock
and Wilcox looks at unit outage reports and also makes recommendations.

.
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CP&L has a formalized Reliability Program at each of its operating plants.
This program is fully supported and directed from corporate mangement, and has
been inoperation since mid-1980. The reliability activities are carried out

within each plant. A corporate level reliability engineer develops and

administers the overall program, but, primarily, he assures that the individual
programs are active. This involves assessing the reliability reports, providing
feedback and communication between individual programs, reviewing data and
literature applicable to programs, and providing training and assistance as
required.

The Reliability Program at the individual plants is divided into three
activities: miscellaneous administrative, preventive, and corrective. The

program is administered and directed by a reliability engineer at each plant, who
is supported by the plant engineering and operating staff as needed.

The preventive activities are directed toward proper operation of the plant;
the basic premise being that plant and equipment should be operated in full
accordance with the manufacturer's operating and maintenance procedures. This

includes analysis of operating data to assure operation within manufacturer's
specifications, calibration and verification of control and measurement

equipment, and developing 0&M procedures to fit specific conditions. They have

found these measures to work well in that most problems are resolved within the
first three years after startup of a new plant.

The heart of the CP&L active Reliability Program is their corrective

activities which is essentially a formalized, systematic program to take care of
problems which would improve availability. Each year the plant manager provides
an estimate of the equivalent availability goal, based on scheduled outages, and
a list of specific projects to be undertaken to achieve the goal. He then

justifies his efforts in meeting the goal through reliability improvement

projects. This does not necessarily mean that availability will go up during a
given year, since unscheduled operating outages, etc., can make availability
better or worse than the goal.

The projects to be considered for the reliability program corrective

activities are normally the more significant problems within the plant. If the

Ili REsE ARCH INSTITUTE
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job can be handled by a " work ticket," it is not considered' a reliability
problem. New projects can be added to the program at any time. The work tickets
are reviewed and, if repeated jobs appear, they might be a source for a

reliability project.

The Reliability Program corrective activities are formalized in that the
plant manager is required to hold a monthly meeting and provide a written report
on progress on projects underway, and new projects being undertaken. The person
responsible for the problem equipment, or area, is assigned responsibility for
its soulution. He can assign appropriate persons to investigate the problem, and
research and effect a solution. He may obtain help from line managers,
reliability or engineering personnel, consultants, or other expertise from
within CP&L. The plant manager sets priorities for projects and is responsible
for evaluating both short term and long term results of the corrective action.
The plant reliabiltiy engineer oversees the projects fo- the plant manager.
Monthly written reports are provided to corporate level management.

CP&L also has a Plant Efficiency Program which is similar to their

Reliability Program, only directed toward unit heat rate and other efficiency
goals.

Ili REsEARCH INSTITUTE
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APPENDIX C
>

RELIABILITY ENGINEERING GUIDE

SAN DIEGO GAS AND ELECTRIC COMPANY

During the design of the Sundesert Nuclear Plant, Units 1 & 2, which were
canceled in 1978, the San Diego Gas and Electric Company developed a Reliability
Engineering Guide. The guide presents the Management and Reliability

Engineering Activities which were to be implemented to achieve high

availability, capacity factor and system reliability.

The Guide is reproduced in this Appendix but the Appendices to the Guide are
not included.

Ili RESEARCH INSTITUTE
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INTROD UCTION
|

lt is the goal of the San Diego Gas & Electric Company (SDGLE) to design,i

construct, and operate the Sundesert Nuclear Plant to meet the highest
practical levels of availability, canacitv factor, and system reliability.
Target availability and capacity factors at plant maturation are set at
90 and 80 percent, respectively.

To achieve these goals, a systematic reliability engineering effort will be
implemented. The purpose of this guide is to stimulate and identify a
specific plan of action covering the desien phase of the Sundesert Nuclear
Plant (SNP). Guides for other phases of the plant life cycle will follow.
The implementation of the guide is to proceed as an integral part of the
project design effort. While the guide covers only design, to be successful
its elements must be sustained throughout fabrication, construction, and
operation of the SNP. The guide applies to all SNP systems required for
the production of electrical power and for the prevention or mitigation of
accidents. Implementation of the guide shall be in accordance with other
applicable project control documents: industry standards; and Government
regulations, guides, and standards.

The effsetiveness of application of the guide is strongly dependent on
organizstion, planning, data considerations, and training. These elements
are discussed in the context of management, the most fundamental quality
of any plan.

MANAGEMENT

SDGLE shall have overall responsibility for managing implementation of
the Reliability Engineering Program (Figure 1). The SNP Reliability
E__ncineer shall have direct access to his counterparts in the contracting
organizations. The SNP Project Manager shall be responsible and
accountable for the success of the program in achieving the availability
g oal s. Day-to-day execution of the program will be the responsibility of
the SNP Reliability Engineer.

The reliability engineering function:

Formulates plant availability goals and the related reliability.

and maintainability goals necessary to achieving availability
g oals .

3 Definitions of terms in Appendix A.

1
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Establishes a systematic plan for implementing reliability goalse

through all phases of the design project.

Evaluates design characteristics, system and equipment con-.

cepts, and operating and maintenance plans to assure that goals
are achievable,

Provides tangible outputs such as trade-off studies; reliability /o

maintainability inputs to specifications; reliability evaluations
for safety reports; maintainability design guidelines; and relia-
bility requirements for specific research, development, and
t e s tin g.

Directs and evaluates reliability training and indoctrinatione

programs for SDG&E and contractors.

Resolves problems identified by contractors in meeting relia-e

bility requirements.

Reviews and approves / concurs adequacy of reliability.

requirements:

- Procurement contracts and specifications.

- Contractor work plans / packages.

- Contractor specifications, drawings, analyses. and other
documentation.

- Contractor data sources.

- Test programs and operating and maintenance procedures.

Participates in design reviews..

Each SNP contractor shall be responsible for preparation and implementa-
tion of an SDG&E-approved reliability program plan for use on SNP
systems for which he has lead design responsibility. The guide and the
resulting program procedures, reviews, analyses, etc. , shall be in
accordance with the contract between SDGLE and the contractor. A
primary requirement of each contractor program shall be that the con-
tractor's reliability function have direct access to the contractor top
management and the SDG&E/SNP reliability function for timely resolution
of special problems.

3
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RELIABILITY ENGINEEllING ACTIVITY

The reliability encineering activity for the Sundesert Nuclear l>lant is out-

lined in Figure 2. The outline is not intended to be exhaustive. The
approach is to be as brief as possible only highlightinc the main elements

of the reliability encineering effort beinc applied to Sundesert. To cive

focus to the enginee ring and design activities. such other matters as

management and personnel training. and procedures are only briefly
mentioned. The activity description which follows is to be interpreted in
the context of its application. For example, the application depends on the
system involved and the particular stace of the desien effort. For some

systems certain of the activities require an extensive amount of analysis
while for others only minimum investigation is necessary.

Figure 2 has been developed to highlight what are considered to be the
most critical elements of reliability engineering. These hichlights corre-

spond approximately to the top row of the activity network. Feedback and
iteration loops are shown to indicate continuous adjustments in inputs and
outputs as the design progresses and as new information is developed. No
attempt has been made to quantify the feedback loops: nor does the absence
of a particular feedback necessarily mean that it does not exist. As a

s ta rt , and based on limited desi::n data. a preliminary allocation has been
made for Sundesert together with a first cut at a reliability critical items

list (11CIL). The allocations have been made both in terms of unavailability
(Appendix D) and availability (Appendix C). Where data permitted. consid-
eration was given to subsystems (e. g. , turbine blades) of first line systems
(e. g. , tu rbine ). A preliminary reliability critical items list is presented
as Appendix D.

Figure 2 presents the flow and structure of the various reliabi'ity engineer-
ing activities. A brief description of each activity is given be.ow. The
numbers match those of Figure 2.

1. Set Availability Goal for l>lant

it is the goal of SDG AE to design, construct. and operate the SN1)
to meet the highest practical levels of availability, cacacity

factor. and system reliabilitv. Target availability and capacity
factors at plant maturation are set at 90 and 80 percent,
respectively.

2. l'e rform Systems Analysis

To perform reliability engineering, it is necessary to define the
system to be engineered. The total system of concern includes

4
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the nuclear island, the energy conversion system, the contain-
ment, the plant site, and supporting software. De it the total

system or a subsystem such as the feedwater system, it is

nues,sar f to determine the functional relationships of com-

ponents and subassemblies. The systems affecting reliability

a re identified and functional and general physical des criptions
are developed. Information developed will be system equipment

configurations, including redundant and standby functional
relationships and functional dependencies within and between
systems. This activity provides a concise description of princi-
pal design crite ria, operating cha racte ristics. and reliability
implications. Of course, this is an activity continually updated

as the design progresses.

3. Define Constraints and Policies

The impacts of safety, construction, and operating constraints on

the system are delineated. Ope rating, m.tintenance, and t esting
policies are described and made visible to the design and relia-

bility engineering effort.

4. Precare Reliability Model

The purpose of the model is to define the reliability relationship
of components and systems. The models may vary from simple
block diagrams to complex logic diagrams involvinc fault trees

or event trees. The model need not be complex. A simpler
model, consisting of a simple diagram and a few equations, is
adequate for many purposes. Selected techniques are highlighted
in Appendix E. The main objective at this point is to becin a

mechanism of ferreting out reliability intensive components and
systems. The model will provide a basis for design trade-off

studies, design selection, and components / parts selection.

5. Allocate Goals

The overall plant goal will be allocated (apportioned) to the lowest
system / component level justified by the stage of the design. W hile
there are numerous methods of allocation (see Appendix F). car!y
in the design it is often adequate to allocate according to com-

plexity and predicted failure rates and repair times. The main
purpose of the allocation is to translate reliability requirements
into understandable design goals at a level where they can have
the most impact on system performance. Allocation is the

6
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inverse process to a reliability prediction. In fact, it is an
iteration between the two that converges to the most meaninciul

allocation. As the design effort continues, the allocation

becomes increasingly refined.

6. Obtain Data

There are numerous data sources available (Appendix G). U sine
these and other sources of failure rate and repair data, appro-

priate data are to be selected for each significant failure mode in
systems / components and pe rsonnel. If environmental factors are
available, they too should be used. These data are used as pre-

dictive input and should be the best available. When data are
lackinc, estimated failure and repair rates are used and are so

identified.

7. Pe rform Failure Analysis

Failure analysis deals with the system fine structure and, in

particular, is performed to isolate and identify weaknesses in the
design. Numerous qualitative and quantitative methods are avail-

able (Appendix E). Failure analysis will progress from system

to component level and from failure mode analysis and fault
hazard analysis to common mode and fault tree analysis. Failure

mode and effect analysis developed in the military programs is
the best known. FMEA is a qualitative technique which involves
the identification and tabulation of the ways (or modes) in which

a part/ component can fail. The final objective of failure analysis

regardless of method is the determination of ways to eliminate

or reduce the probability of incidence of critical failure modes to

improve the desien. It is the key activity for exposinc corrective

actions.

M. Comeute Reliability

The combination of the reliability model (Step 4) and the failure

analysis (Step 7) provides a meaningful basis for predictinc
reliability. The approach is usually to develop equations for

series-parallel components representative of the system (exactly,
o r, if the system is complex, an approximation is usually made).
Because of the high level of complexity of nuclear systems, the
reliability computation is often waived in favor of computinc

availability. This is because steady-state availability is simple r
to compute and in fact contains reliability. If the system happens
to be simple, and many nuclear plant subsystems are, then it is

7

_ _ _ _ . _ _ _ _ _ _ _ . _ _ _ . _ . _ _



_ _ _ _ _ _ _ _ ______

|

useful to make the reliability calculation. In any event, this is

the step for refining the reliability paramete rs, most notably,

failure rates and operating cor.ditions.

9. Conduct Maintenance Encineerine

Maintainability engineering will be performed to define spares
allocation and to predict repair, replacement, and restoration

time s . The necessary operation and maintenance actions to keep
equipment or systems operating will be defined. Analysis will be
performed to evaluate the degree of achievement of the maintain-

ability design goals, including logistics and pe rs onnel inte raction.
Particular attention is to be given to equipment access and
simplicity of required ope rations.

10. Develoo Reliability Critical Items List (RCIL)

A reliability critical items list will be gene rated and maintained

identifying and ranking those s ystems / equipments / components
contribut'ng most to uncertainties in meeting reliability goals.
Inputs to the RCIL shall be based on failure analysis and relia-
bility computations. A key factor in making the list is equipment
whose failure could cause an unsafe condition or could cause
loss or impairment of availability for power production either

directly or as a result of long repair or replacement times.

Therefore, criticality is based on the role of the equipment in

the system (obtained from the system model) and its failure
,

and repair characteristics (obtained from data and failure

analysis ). Early in design and for the hierarchy systems, it

is possible to perform a criticality ranking just based on a

judgment of the uncertainties of the system and its overall

importance to reliability. For example. a preliminary RCIL
for Sundesert first line systems was developed and is presented
in Appendix D.

I1. Predict Reoair/ Reclacement/ Restoration Times

Repair times of equipment will be predicted to the lowest level in

the system consistent with the progress of the design. The
planned repair method will be dete rmined and estimates of equip-
ment restoration times made.

8
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12. Pe rform Design Review

A design review board will periodically evaluate critical designs
I

and considerations to provide additional assurance that the equip-
ment and systems are capable of achieving the performance and

A primary resource for pe rformine thereliability requirements.
| Thus. design reviews will be a forumreview will be the RCIL. test results, andfor reviewing checklists, design changes,

The " design" in a design reviewimpact of reliability analysis.
is the set of drawings, layouts, specifications, pe rfo rmanc e

analyses, and system design descriptions thatpredictions,
describe what is to be manufactured, ordered, installed, and
ope rated. The design review of items on the RCIL shall beand maintainability studies. Thesesupported by design, failure,
studies shall verify that the design is acceptable from a reliability /
maintainability standpoint or shall identify problem areas which
must be resolved to obtain acceptable design and possible solutions.
Any problems revealed that would prevent the achievement of
allocated availability goals will result in a "!IOLD. "

hiembers of the design review team shall be selected or approved
by SDGhE who will also establish meeting schedules and agendas.

13. Define Soare Parts and Locistics

hiaintenance and reliability considerations will be the basis for
providing adequate spares to permit transfer of operable equip-
ment from supply to use and failed equipment from use to storage.
Operating and maintenance locistics are to be based on achieving
plant availability goals.

Establish Insoection/ htaintenance / Test Recuirements14

Based on the maintainability and reliability analysis, inspection
Theseintervals and test requirements will be established.

requirements will be compared with the goal allocations and theNiaintenanceassumptions made in the availability computation.
requirements will be established to assure system operability
and reliability. These requirements will addres s procedures,

The inspection and test require-laydown space, and resources. andments are to be defined in terms of scope, duration,
fr equency.

9



_ __ _ _ _ _ _ _ _ __. . _ _ _ - - _ -

|
15. Identifv Human Factors

Studies will be made of the interaction requirements between
people and equipment / systems to assure achievement of perfor-
mance goals. Emphasis will be on operations and maintenance.
In particular, during design, people interaction considerations
will be given to all conceivable modes of the equipment / system
including normal operations, outages (planned and forced), and
accidents. Human factors will become an integral part of
achieving reliability control.

16. Take Corrective Action

Based on information presented for design review and the recom-
mendations of the design review board, a corrective action plan
will be developed. A log will be maintained of all known relia-
bility (and other) problems with recommended solutions and
names of persons responsible for carrying out the action. The
implementation of corrective actions shall be traceable.

Options to be considered in corrective actions include:

Examination of data sources to validate need for correctivee

action.

Testing to verify that need for corrective action is valid.e

Selection of more reliable equipment and systems surveil-e

lance techniques.

Use of redundancy.e

Use of shorter test inspection and maintenance intervalse

(for reliability improvement).

Redesign for shorter repair times..

Elimination of operator / maintenance induced failures.e

Addition of physical or procedural safeguards.e

Reallocation of goals to eliminate need for corrective action.e

Appendix H is a list of those systems and items which past experi-
ence indicates as frequent contributors to unavailability.

10
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17. Compute Availability

The failure and reliability analysis together with predicted
repair times enable the system / plant availability to be
c omput ed. Availability involves both reliability and maintain-
ability. The results from the availability calculation provide a
measure of the ability to meet the system goals. Substantial
information now exists for making decisions about system
pe rfo rmanc e.

1H. Develoo Reliability and Maintainability Procurement
Soecifications

Engineering and equipment specifications are among the most
important tools for achieving visibility and control of reliability
and maintainability. The intent is that the specification should
be written to assure that a procured equipment meets its relia-
bility and maintainability goals. Reliability and maintainability
specifications can vary widely depending on the role of the equip-
ment, its complexity, and industry experience in the application
of reliability enginee ring. It is intended that, wherever possible.
quantitative requirements be specified. Such requirements
include failure rates, repair times, inspection intervals,
environmental factors, and spares. In some cases, demonstra-
tion or testing will be required.

19. Pe rform Corrective Action- Audit

An audit function will be implemented which initiates and moni-
tors corrective action and reliability improvement.

20 Make Decision

Dased on the availability computation, decisions can be made to
accept or reject designs. to chance the reliability goals. or to
make refinements in the reliability enginee ring effort. Natu rally,
decision points will occur at several different staces of the

design as well as along several different points in the reliability
process.

21. Define Interface Recuirements and System Constraints

Reliability control is very dependent on a clear understanding of
system constraints and interfaces. Too often is heard the

.
11
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expression "our system was caused to fail by somebody else's. "
System interfaces and constraints are to be defined in terms of
such considerations as instrumentation and control, allowable
thermal and mechanical loads, process conditions including
water chemistry, and compatibility of person-machine
inte ractions .

22. Precare Installation. Cons truc tion , and Startue and Oce rations
Ins t ructions

All is lost unless the reliability and maintainability state-of-mind
that is cultivated during design is sustained throughout construc-
tion and op ration. An important element of this process is,
during design, to prepare instructions for later phases of the
plant life cycle which are truly rooted in reliability and perfor-
mance considerations.

23. Achieve Reliability Control

The result of this systematic reliability engineering effort is a
continuing achievement of plant reliability control. The visibility
of reliability activities enhances project ccmmunication and
management.

.
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<

LRM

CRBRP RELIABILITY -s

PROGRAM PLAN (DRAFT)

The Clinch River Breeder Reactor Project developed a detailed description of
the essential elements of their Reliability Program Plan. Included are the

at
principle LRM activities, organizational responsibilities, management structure
and management tools and procedures to be used to assure high reliability.

A draft copy is reproduced in this Appendix.
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CRBRP Reliability Program
Plan

.

1.0 INTRODUCTION

The purpose of this document is to identify the principal LRM activities,
organization responsibilities, management structure, and the management pro -
cedures and tools used to assure that the program objective of enhancing the
CRBRP design through integration of the reliability discipline and techniques
is achieved. The reliability program requirements are specified in OPDD-10
and the program and all its associated activities are described in Appendix
"C" of the PSAR. This document will detail the essential elements of the
program briefly but primarily will describe the LRM's implementation of the
CRBRP Reliability Program.

2.0 PROCRAM DESCRIPTION

Each of the potential sources for release of radiological species has
been evaluated. The results of this evaluation determined where reliability
program resources should be applied in order to maximize the health and safety
benefit to the public. Program activities are focused on preventing the loss
of coolable geometry in the reactor core. The rationale supporting this con-
clusion is summarized in Appendix "C" of the PSAR.

The success of two different missions is necessary and sufficient to
maintain coolable core geometry. One is the reactor shutdown mission which
encompasses the plant protection systems capability to detect and process
critical plant parameter anomalies into shutdown commands and the primary and
secondary control rod systems capability to respond to those commands by
insertion of sufficient negative reactivity worth to successfully shut the
reactor down. The other is the shutdown heat removal mission which encom-
passes the shutdown heat removal systems capability to bring the reactor
from initiation of shutdown to thermal equilibrium at standby. The reliabi-
lity program focus is on systematic failure analysis and assessment of com-
ponents, subsystems and systems' whose failure to function could prevent or
degrade mission success.

A Reliability Related Components List (RRCL) is baselined in an ICD to
identify those plant equipments that can contribute to the success or fail-
ure of the safety mission. It organizes the safety critical equipment of
systems into logical groups, subsystems, or ccmponents for analysis and
documentation.

There are two distinguishable analytical efforts to the overall program:

1) The qualitative analysis effort which is structured by the RRCL to
align with the component and system design responsibilities of
engineering, and,

2) The quantitative analysis effort which models the success logic of
the overall Reactor Shutdcwn System (RSS) and the failure logic of
the overall Shutdown Heat Removal System (SHRS) to allow system
failure probability predictions.

* SCD level
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The qualitative effort is an integral part of the design development
process. The emphasis is on the identification, analysis, and closecut of the
failure modes of the RRCL components anda ystems. Areas of concern or uncer-s

tainty are identified by the analyses for resolution. These analyses are
scheduled to support the design development an_d review process. The findings
and conclusions from the analyses are summarized ar.d presented at the compo-
nent and systems design review. The final results of the qualitative assess-
ment program are documented in Reliability Design Support Documents (RDSDs).

The quantitative effort is concerned with modeling the failure logic of
the RSS and the SHRS. Failure rates are assigned to the component failure
modes. When the failure logic is math modeled, computerized studies are con-
ducted to evaluate the reliability of the overall RSS and SHRS systems and
their sensitivity to changes in operating assumptions, systems configurations,
failure probability assignments, etc. On a comparative basis the model
studies provide valuable insights into the system interactions and dependen-
cies. These studies aid in an understanding of the design and operational
characteristics of the subsystems and systems, and they support the design
decision making process. The Reactor Shutdown System and Shutdown Heat Removal
System quantitative reliability assessments are conducted and documented inde-
pendently from the qualitative RDSD documentation program. Insights are ex-
changed between the qualitative and quantitative assessment programs through
the Controlled Information Data Transmittal System.

There are other program elements which influence or are influenced by the
reliability analysis program. The most important of these are the design per-
formance, verification and qualification test programs that are being conducted
on RSS and SHRS equipment. Early reliability program analysis efforts are in-
fluential in the structure of these test programs. The validity of the relia-
bility assessments are predicated on successful test program results. If

failures occur, corrective actions are developed and verified by engineering
and the impact of these failures on the numerical predictions are evaluated by
the reliability organization. Other CRBRP project elements are also important
to the reliability assessments. They include the quality control programs,
qualification program, inservice inspection and testing, operations, mainte-
nance, and configuration control programs which effect the plant safety-related
equipment.

3.0 PRINCIPAL ACTIVITIES

3.1 Introduction

Design and perfomance requirements, industry standards, regulatory
criteria and guidance are imposed by 0PDD-10 and expanded into detailed
requirements in SDD's and equipment specifications. The reliability pro-
gram is designed and structured as illustrated in figure 3.0.1 to proceed
in parallel with the design effort. Established reliability methods and
analytical techniques are employed that have been used in D00, NASA,
nuclear industry, and non-nuclear industry programs. They include fail-
ure mode and effects analysis, common cause failure analysis and logic
modeling and numerical assessment. These analyses are conducted to iden-
tify component and system failure modes, to analyze their effects, and to
assess the adequacy of component design features to minimize potential
failures. These analyses also evaluate system design features (e.g.
redundancy) to mitigate component failure consequences on the system

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ _
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| function. This analytical effort is integrated into the design develop-

ment process to maximize early awareness of areas that require correctiveactions. Program findings that impact the design are integrated into
the program throughout the process. The resolution of reliability pro-
gram findings along with other design support disciplines are reviewed
and approved or otherwise dispositioned at the equipment and systemdesign reviews..

Logic diagrams for the overall RSS and SHRS are constructed, quanti-
fied and math modeled. This allows numerical assessment of the RSS and
SHRS probability of failure and supports identification of the systems
dominant contributors to failure and the sensitivity of the system to
modeling assumptions and changes. This modeling effort and the qualita-
tive assessment proceed in parallel and the insights gained from each
effort are exchanged.

3.2 Qualitative Analysis

The Safety Related Reliability Program requirements are specified inparagraph 7.2 of OPDD-10. Systems and selected subsystems or components
which have the potential to degrade or prevent the safety functions of
reactor shutdown or shutdown heat removal will be qualitatively analyzed
as an integral part of the design development process and the analyses
will be documented as a necessary part of the design documentation.

3.' 2.' 1 Reliability Related Conoonents List (RRCL)

The Reliability Related Components List (RRCL) is the baseline
list of the systems and lower level equipment that require a reliabil-
ity analysis in support of the equipment at design reviews. Figure
3.2-1 lists the reliability program for the RSS and SHRS functional
systems specified in OPDD-10. The systems specified in OPDD-10 are
analyzed and the list is indexed to a lower subsystem, component, or
component group level appropriate for separate analysis. The relia-
bility related components listing is baselined to the appropriate
analysis level and maintained in Interface Control Document ICD
CLS4012.

3.2.2 Failure Mode and Effects Analysis

Failure Mode and Effects Analysis (FMEA) is the reliability
analysis methodology that provides a disciplined approach in the
search for random failure modes and identifies their functionaleffects on a component, subsystem, system or overall systems.

The FMEA format identifies the part, or assembly, and itsfunction. It lists the failure modes that could prevent or degradethe safety-related function.
For each failure mode identified causes

are listed and their effects are assessed. The rationale for accep-
tance of the design, test, or procedural features that control the
potential failure mode are developed or additional actions required
to control the failure mode are developed. The additional actions
required to resolve significant concerns or uncertainties are
tracked to resolution. FMEAs are performed at the component or
logical component group level, and at the system (SDD) level. At a

_ _ - _ _ - - - - - - - _ _ _ _ _ _ _ _ _ - _
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OVERALL PLANT DESIGN DESCRIPTION
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'

I
| II

REACTOR SIIUTDOWN SYSTEMS (RSS) SilUIDOWN llEAT REMOVAL SYSTEMS (SilRS)_

-SYSTEM 31 REACTOR SYSTEM |-SYSTEM 31 REACTOR SYSTEM

-SYSTEM 32 REACTOR ENCLOSURE SYSTEM -SYSTEM 32 REACTOR ENCLOSURE SYSTEM |

| -SYSTEM 90 PLANT CONTROL SYSTEM
- -SYSTEM 51A PRIMARY HEAT TRANSPORT

SYSTEM
f
| -SYSTEM 51B INTERMEDIATE llEAT
| TRANSPORT SYSTEM
|

-SYSTEM 92 REACTOR AND VESSEL INSTRUMENTATION SYSTEM -SYSTEM 52 STEAM GENERATOR AUXILIARY
- HEAT REMOVAL SYSTEM

-SYSTEM 95 FLUX MONITORING SYSTEM -SYSTEM 53 STEAM GENERATOR SYSTEM
,

| - SYSTEM 99 PLANT PROTECTION SYSTEM -SYSTEM 56 REACTOR HEAT TRANSPORT
INSTRUMENTATION & CONTROL
SYSTEM

-SYSTEM * 68 PIPING AND EQUIPMENT ELEC-
TRICAL llEATING & CONTROL

INTERFACE ANALYSIS ONLY TO EVALUATE*
SYSTEM,

IllFLUENCE ON SilRS.

NOTE: AllALYSIS OF TilESE PRIMARY SYSTEMS IDENTIFY
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FIGURE 3.2-1 SAFETY-RELATED SYSTEMS
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minimum a FMEA is required at each RRCL component and system level
design review. A sumary of the reliability assessment and its
findings is presented to the review team. The necessary actions for
open concerns and uncertainties are identified and entered into the
Project Centralized Action Correspondence Control System and tracked
to a final resolution.

- These analyses identify the need for changes to the design,
test, analysis, or procedures for the ccrnoonent or system or pro-
vide additional assurance that the design is adequate. In their
final fann the System Reliability Design Support Documents provide
a record of the projects qualitative reliaoility program and its
findings.

3.2.3 Common Cause Failure Analysis

Common Cause Failure Analyses (CCFA) are conducted to eval-
uate functionally redundant trains for system susceptability to
failure as a result of single events. The CRBRP shutdown and shut-
down heat removal systems have been designed to have redundancy for
critical functions that is independent and where appropriate,
diverse. The purpose of CCFA is to ensure that no single events
have been overlooked that could fail the systems safety related
functions.

Checklists of historical common failure causes are tailored
to the unique characteristics of the redundant systems operating
environment and function. A systematic search is conducted for
common cause failure susceptability in each redundant train. The
random failure modes identified by FMEA are examined for potential
occurrence due to identified commonalities. Significant concerns
or uncertainties are identified for project review and action as
required.

CCFA is performed at the component level when appropriate and
at the system (SDD) level. Common dependencies are entered into the
overall system models (e.g. electrical pcwer sources, environmental
conditioning,etc.). External phenomena (i .e. , flood, fire, earth-
quake, tornado, etc.),are design basis events for safety-related
equipment which are also included in CCFA. The qualitative CCFA
addresses the adequacy of the design features and, when quantifiable
and considered significant, are treated in the system level numerical
assessment. The CCFA results provide additional assurance that safety-
critical functions considered to be redundant are in fact redundant.
Potential events or system conditions that could nullify redundancies
are identified for corrective action. The significant findings of
CCFA's are integrated into the design /develognent process for CRBRP.

3.2.4 Interfacino Systems ~

Interface dependencies are identified and are analyzed in
component and system level FMEAs and for possible single point
failures that violate redundancies in CCFAs. The primary interface
list in the SDDs serve as a checklist of the interface requirements
needed from support systems, and provide the link for continuity of
coverage from system to system.

_-.
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The RSS and SHRS modeling programs evaluate the systems
across interfaces. The infomation developed in the qualitative
analyses support and verify the accuracy of the quantitative model
from interface to interface. The project Controlled Infomation
Data Transmittal (CInDT) system is used to insure the cognizant de-
sign engineer's review and concurrence with the SHRS model for operating

~

assumptions and reasonableness of the failure probabilities. The
modeling programs for the RSS and SHRS include consideration of
system interactions and dependencies on Balance of Plant systems
(BOP). The SHRS model is used to develop a list of Balance of
Plant (B0P) systems that are supportive to the shutdown heat removal
system. The list is ranked by importance to success of the SHRS
mission. It provides guidance in focusing the BOP reliability
efforts on the B0P systems that support the SHRS.

3.2.5 Reliability Design Succort Document

The Reliability Design Support Document (RDSD) records the
complete qualitative reliability assessment of equipment identified
on the RRCL.

It provides a description of the equipment, its primary
functions and special design requirements, and describes its role
in or its interface with the system and identifies potential conse-
quences resulting from failures. Each RDSD also defines the analy-
tical. methods, and input data. It incorporates the FMEA and CCFA
and sumarizes their results. Special design analyses, test program
results, quality programs, operations, and other supporting program
activities are discussed. Conclusions are presented and significant
concerns or uncertainties, if identified and unresolved, are high-
lighted with recomendations and actions for their resolution. They
provide a project record of the qualitative safety-related reliabil-
ity programs, scope, methods, findings, conclusions and the final
disposition of reliability-related concerns. RDSDs, supplied as
part of design review package, are prepared for the system at the
SDD level. The level at which analyses are conducted and documented
is selected to support the component and system design review level.
Selected lower level groups of equipment are analyzed and reliability
assessments are provided for the lower level design reviews. The
remaining system equipments are analyzed in detail in their systems'
FMEA and are sumarized in their system level RDSD. CCFA's are con-
ducted at the system level and when appropriate at the component
level. Lower level assessments are included or sumarized in their
system level RDSD. The purpose of the RDSD is to support the design
development process and to record the qualitative reliability pro-
gram and its results. RDSD's are included as part of the final
system design review data package.

3.3 Ouantitative Analysis

The overall reliability of the RSS and the SHRS will be assessed
quantitatively.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ -. . _ ________ _______--____ ____ __
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Complex models have been constru;ted that graphically represent the
success / failure logic for the RSS and the SHRS. When quantified, the
models provide a tool for identifying the systems significant contribu-
tors to failure probability. They permit studies that aid in understand-
ing the systems sensitivities. Sensitivi.ty studies are conducted to
explore input uncertainties (e.g. failure rate assignments, operating

~ assumptions, etc.) or may be used to evaluate the value of design or
operational options.

Source data for model construction includes, but is not limited to

Project design documentation, the qualitative reliability analyses (FMEA,
CCFA, RDSD, etc.) from the RMs and the B&R reliability programs, and the
test programs. Adjustment of historical data for use in the models is
based on engineering judgement considering experience with similar
mechanisms.

The functional balance of the design from a reliability viewpoint
is assessed. The graphics of the models are an aid in qualitative eval-
uation of the system for subtle interactions and dependencies. Base
case predictive values of system failure probability are calculated.

The models are constructed at the RSS and SHRS mission levels. The
potential failure contributions of all primary, secondary, and auxiliary
systems important to the RSS or SHRS missions are considered in the
models. The contributions to system failure probability at any level
can be determined.

Sensitivity studies with the SHRS model will be conducted to quanti-
fy the contribution to SHRS failure probability of each B&R system to the
individual functional interface level. The functional interface list
will be ranked by importance allowing minor contributors to be eliminated
from the B&R Reliability Related Critical Interface List (RRCIL).

The value of the modeling and quantitative assessment program is in
its use as a design tool. It is a valuable aid in understanding a com-
plex system and the importance of its component parts to the overall
systems mission. Its purpose is to assist the plant designers in the
development of a balanced design of safety-related equipment for reliability.

3.3.1 RSS Quantitative Assessment

The quantitative reliability assessment of the Reactor Shut-
down System conservatively predicts that the RSS will operate
orders of magnitude more . reliably than .the SHRS. In order to. approach
tn'e objective of a balanced design for CRBRP reliability quantitative~~~

progFam r~esources are being concentrated on the SHRS. However, this
assessment shall be reviewed relative to the findings from the test
program and the on-going qualitative reliability analysis program.
As the design development analysis and test programs are ccmoleted,
the assessment shall be reviewed by engineering and reliability to
determine if an update is required. Other program results that in-
fluence reliability (qualitative programs, waivers / deviations, key
system reviews, etc.) shall be considered in these reviews.

3.3.2 SHRS Ouantitative Assessment

Modeling and quantitative assessment of the Shutdown Heat
Removal System is a continuing process throughout the design

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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development and test programs. The SHRS dependencies, f r.teractions
and dearth of a relatable empirical data base demands careful eval-
uations to ensure that the sign,ificant contributors, their operat-
ing and failure characteristics', and failure data uncertainties are
properly addressed. It is an iterative process of establishing a
base case prediction, identifying the dominant contributors to

- unreliability, examining the contributors through sensitivity
studies, refining the modeling assumptions to account for additional
plant capability, or making design / procedural modifications and re-
establishing the base case. Design reviews of the model are held
and special meetings of design and model specialists are convened
to ensure realistic treatment of the significant contributors to
SHRS failure probability and to identify corrective actions as
appropriate.

3.4 Succorting Programs

The results from the design /perfomance verification and qualifica-
tion test programs for critical systems are factored into the qualitative
and quantitative reliability assessment programs. Successful design per-
fornance development test programs support the failure data judgements
that were developed from historical experience for similar equipment in
similar operating environments. The Reliability Program related equip-
ment test programs are monitored to assure that reliability related re-
quirements are satisfied through the failure reporting analysis and
corrective action programs, with the aid of the unusual-occurrence re-
porting system, and by the day-to-day interactions of reliability with
the responsible engineering organizations. The results of test programs
and other project activities pertinent to the reliability of the RRCL
equipments are discussed in the development and final documentation of
the reliability program results in system RDSDs. Consideration shall
include related information internal and external to the project such as
quality assurance, change control, FFTF experience, base technology
tests, foreign breeder experience, LWR experience, and NRC interactions.
The final Reliability Program and its findings will be summarized in the
Final Safety Analysis Report.

4.0 RELIABILITY PROGRAM STRUCTURE

Project Office policy, budget allocation, and schedular constraints are
interpreted, the programs' objectives identified, the methods developed, and
the activities of the participants are defined and coordinated to ensure im-
plementation of an integrated CRBRP Reliability Program.

The LRM has fiscal and technical management responsibility for the Safety-
Related Reliability Program. The scope of the LRM's program includes the NSSS
systems that are the design responsibility of the LRM. This includes identi-
fication of the reliability-related interfacing NSSS and BOP systems for which
Burns and Roe (B&R) has design and reliability analysis responsibility. These
B&R supportive system interfaces are identified initially by qualitative re-
view of the reliability SHRS and RSS modeling work. The list of identified

. . . . .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _. _ _ _ _ _ . __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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system interfaces is issued by the LRM reliability program for guidance in
support of the BAR reliability program. The LRM has the responsibility to
review the B&R reliability analysis and integrate the results into the overall
reliability program.

The equipment in the LRM systems that require qualitative analyses are
identified by ICD CL54012 which baselines the Reliability Related Components
List (RRCL). Table 4.0-1 lists the type of analyses that are performed for
each item on the list and identifies the responsible RM.

W-RM has overall responsibility for the modeling and nwnerical assessment
program for the Reactor Shutdown System. The GE-RM has overall responsibility
for the modeling and nwnerical assessment program for the Shutdown Heat
Removal System. These responsibilities include obtaining sufficient under-
standing of the equipment to integrate the functional and interactive failure
characteristics of the complete system; and researching the failure rate his-
tories of like or similar equipment in order to assign realistic failure prob-
abilities to the failure modes of interest. All participants in the LRM's
qualitative analysis program and B&R are responsible for providing support to
the modeling organizations in the form of consultation on request and by com-
prehensive review of the modeling of their equipment to ensure logical
portrayal of operating characteristics and reasonableness of the railure rate
assignments . The Project Controlled Information Data Transmittal System is
used to provide discipline and a record of significant information reviews
and exchanges between r.ontractors. In this manner, the important interactions
and failure probability effects of interfaces between the SHRS equipment and
their supporting systems are factored into the quantitative assessment,

o

.

'' _ ___.m._____.______.,_______________._______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____



, . . .
------------_ - . _ ,

I,
I REV. 0

| TABLE 4.0-1

| RELIABILITY RELATED COMPONENTS LIST (RRCL)

GENERAL ELECTRIC

,

FMEA CCFA RDSD

RSS -

Secondary Control Rod System X X X

System 31 (FSWDR 31WS139)

Secondary Control Rod Drive Mechanism Driveline X

Secondary Control Assembly X

SHRS ,

Intermediate Heat Transcort Loco X X X

System 518 (FSWDR SlGlM07)

Pumps (Intermediate and Primary Loops) X X

Steam Gen. Aux. Heat Removal System X X X

System 52 (FSWDR 52GlMll)

Protected Air-Cooled Condenser X
,

AFWS X

AFW Pumps X

Steam Gen. Loco X X X

System 53 (FSWDR 53GlMll)

SG Modules (W-LRM Responsibility) X X

Rupture Discs X

H 0/ Dump Valves X
2

Leak Detection Modules X X

Ralief and Isolation Valves X

Steam Drum X
'

,

Recirculation Pumps X X

Reactor Heat Transcort Instrumentation X

System 56 (FSWDR 56GIM10)

Sodium Pmnp Drive X X

I&C - 51, 52, & 53 X X

Piping & Eqot. Elec. Heating & Control X

System 68 (FSWDR 68GlM09) Interfaces with SHRS/RSS

- _ _ __ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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TABLE 4.0-1
^

WESTI!!GHOUSE - ARD

- * RA (Incl . RDSD (Incl.
FMEA) FMEA/CCFA)

RSS

Reactor System X

System 31 (FSWDR 31 W5139)

Upper Internals X

Upper Internals Structure X

Upper Internals Structure Jacking Mechanism X

Lower Internals X

Core Support Structure X

Lower Inlet Module X

Core Fomer Structure X

Horizontal Baffle X

Fixed Radial Shield X

Core System X

Fuel Assemblies X

Blanket Assemblies X

Removable Radial Shield Assembly X

Core Restraint System X

Primary Control Rod System X

XPrimary Control Assembly
,

PCRDM and PCRD X

Shield & Seismic Support X

PCRS Maintenance Equipment X

Reactor Enclosure Sy-*em X

System 32 (FSWDR 32WeUT)

* Reliability Assessment (RA), Preliminary to RDSD.

- - . . . - . . . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ .______ ________ ____-__ _
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TABLE 4.0-1
''

WESTINGHOUSE - ARD (Cont.)

- RA (Incl . RDSD (Incl.
FMEA) FMEA/CCFA)

Reactor Enclosure - Head System X

Reactor Vessel Closure Head X

Riser Assembly X

Plug Drives and Controls X

Head Heating and Cooling System X

Bull Gears and Bearings X

Reactor Enclosure - Vessel Systa_m X

Reactor Vessel and Supports X

Reactor Enclosure - Head Access Area X

Flux Monitoring System Mechanical Components X

Flux Monitoring System
System 95 (FSWDR 95WA305)

Primary Linear Power Range Channels X

Secondary Linear Power Range Channels X

Plant Control System
System 90 (FShDR 90WA750)

PPS Control and Display Components X

Primary CRDM Power and Control Eouioment X

Scram Breakers X

Primary CRDM Controller
~

X

PHmary CRDM Motor Generator Sets X

Reactor and Vessel Instrumentation System X

System 92 (FSWDR 92WA932)

Plant Protection System
System 99 (FSWDR 99WA778) X

- ._ _ _ . _ _ . _ _ _ .
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TABLE 4.0-1
,

WESTINGMOUSE 'ARD (Cont.)

'

RA (Incl. RDSD (Incl.
FMEA FMEA/CCFA)

Primary Instrument Channels X

Secondary Instrument Channels X

Primary Logic X

Secondary Logic X

HTS Pump Trip Circuits X

SGAHRS Initiation Logic X

Monitor X

SHRS

Reactor System
System 31 (FSWDR 31WS139) X

Lower Internals X

Core Support Structure X

Horizontal Baffle X

Reactor Enclosure System
System 32 (FSWDR 32WK503) X

Reactor Enclosure - Head System X

Reactor Vessel X

Reactor Vessel Supp rt X

Primary Heat Transoort System X

Sistem 51A (FSWDR SlWF200) -

Guard Vessels X

Reactor Vessel Guard Vessel (System 32) X

Reactor Guard Vessel Extension (System 32) X

IHX Guard Vessel (System SlA) X

-
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| TABLE 4.0-1

WESTINGHOUSE-ARD (Cont.)

, RA (Incl. RDSD (Incl.
FMEA) FMEA/CCFA)

Primary Sodium Pump Guard Vessel (System 51 A) X

Piping and Check Valves Hangers and Snubbers X

Intermediate Heat Exchanger X

ATOMICS INTERNATIONAL
RDSD (INCL. RDSD (INCL.

SHRS FMEA) FMEA/CCFA)

Au.eiliary Licuid Metal System _
Ty's~ta 81 (FSWDR 81A4080)

Direct Heat Removal Service (DHRS) X

Air Blast Heat Exchangers X

D1 Pumps X

Remotely Operated Valves X

Pressure Vessels and Piping X

Overflow Heat Exchanger X

DHRS System Instrumentation and Control System X

Inert Gas Receiving and Processing System X

System 82 (FSWDR 82A0293) Interfaces witn SHRS/RSS

Liouid Metal to Gas Leak Detection System X

System 66 (FSUDR 66A1145) Interfaces with PHTS

_ - _ _ . ._
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5.0 RELIABILITY PROGRAM IMPLEMENTATION

This section defines essential tasks, organizational responsibilities and
management controls employed by the LRM to assure implementation of the reli-
ability portion of the. total Reliability Assurance Program for the Clinch
River Breeder Reactor Plant (CRBRP) Project. 'This section applies to Project
par'ticipants herein identified and defines interface responsibilities within
the LRM.

5.1 Reliability Program

Authorized reliability program elements for CRBRP are shown in
Table 4.0-1 of section 4. Section 5 will describe the organizational
relationships, resources, and procedures enployed by the LRM to assure
that the program participants fulfill their responsibilities for the
program elements.

5.2 Orcanization

Figure 5.2-1 shows the LRM organizational relationships pertinent
to the implementation, coordination, and management control of the tech-
nical and fiscal aspects of the Reliability Program as authorized in
applicable CRBRP Project documentation.

5.2.1 Resources
. . - . .. - _. .._. . - . . - . . - . . . . - - - - - . . . .

In addition to anpropriate facilities and management policy
and practices sufficient to establish and implement the authorized
reliability program, personnel resources authorized and allocated
to the progran include a reliability program staff engineer who
reports to the Licensing Manager. The RM Program Staff Managers
crganizatior.s which include LRM cognizant plant systems engineers
and the Systems Engineering and Integration staffs are available
resources as required. LRM Quality Assurance, Program Control, and
Procurement provide support to the reliability program as needed.

5.2.2 Communication

Formal reliability program communication external to the LRM
is prepared, reviewed, approved, and controlled within the LRM in
accord with approved procedure LX-OR-2. Receipt, transmittal, and
distribution of program correspondence is controlled by LX-OR-3, and
correspondence files and logs are maintained in accord with LX-0R-4
Internal LRM reliability program day to day informal coordination is
connunicated either by internal memorandum or personal contact.

5.3 Resocnsibility

5.3.1 Responsibility of Particicants

Fiscal management responsibility for the reliability program
at the RMs is maintained by the LRM's three RM Program Managers.
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B&R LRM
Reliability Technical

Director
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Licensing

I
Program Planning
Budget / Schedules
Technical Direction

! and Guidance
Assessment Review

and Approval

| I I

LRM LRM LRM
GE PROGRAMS AI PROGRAMS , WRM PROGRAMS

Fiscal Management Fiscal Management Fiscal Management
Technical Review Technical P.eview Technical Review

GE AI W-RM

Overall SHRS SHRS/SCRS DHRS Overall RSS SHRS/PPS/PCRS
Modeling & Analysis Analysis Modeling & Analysis
Assessment FMEA FMEA Assessment FMEA

-

CCFA CCFA CCFA
Test Results Test Results Test Results
RDSD Assessments RDSD Assessments RDSD Assessments

Figure 5.2-1 Program Organizational Responsibilities

. _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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|

| Technical management responsibility is with the manager of Licensing.
The reliability staff reports to the Licensing Manager and is re-
sponsible for defining and maintaining the program's scope, techni-
cal content, methodology and schedules within CRBRP budgetary and
design schedule constraints. The reliability staff perform overall

,
program planning, integration, coordination, and surveillance of
the RM programs. The execution of the reliability program is the
responsibility of RM's in accordance with their design responsibil-
ities for plant systems. Figure 5.2.1 shows the organizational
responsibilities for the program.

5.3.2 Interface Relationshios

There are internal LRM interface relationships and external
LRM to RM, A E, and Project Office interface relationships in the
implementation and execution of the reliability program.

Internal LRM interfaces exist between the reliability staff
and all other LRM organizations. Vertical interfaces are from the
reliability staff upward through the Licensing Manager, the Project
Technical Director to the Project Manager. An additional vertical
interface exists between the reliability programs and the RM Pro-
gram Managers. The RM Program Managers maintain responsibility for
overall RM fiscal control including the reliability program. They
also have review and concurrence responsibility for technical con-
tent and accuracy of reliability program products. This is ensured
by the LX-0R-2 requirement that direction and guidance is issusd to
an RM over the signature of the RM program manager; a practice that
provides formal coordination of the programs direction with the
appropriate cognizant engineers for plant systems. Horizontal in-
terface relationships exist between the reliability staff and all
other LRM organizations on an as required basis. The reliability
program requires informal day to day coordination activity with
systems integration and engineering, plant systems cognizant engi-
neers, quality assurance, program control, document control and
others.

External LRM reliability program interfaces exist with the
other program participants and the Project Office. Formal corres-
pondence is over the signature of the RM program managers or the
CRBRP Project Manager. Informal day to day activity is coordinated
and communicated by telephone, data-fax, pouch mail, or personal
contact as required to optimize program effectiveness. The Project
Controlled Information Data Transmittal system as described by
LX-0R-10 is used to exchange technical data between the perfaming
participants.

5.3.3 Desian Imolementation

The primary objective of the reliability program is achieve-
ment of a optimum balanced design for safety-related reliable oper-
ation of CRSRP. This is achieved through early identification of
significant concerns and implementation of needed design and, pro-
cedural corrective actions throughout the design development process.

____ _____ -__
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Actions required to correct identified deficiencies are developed
through coordinated action by reliability and design. Schedules
for implementation are developed and action commitments are entered
into the project Centralized Action Correspondence Control System
in accord with LX-0R-5. This procedure ensures a final resolution
of the uncertainties and significant concerns identified through
the reliability program effort.-

5.4 Planning

This document establishes the overall LRM Reliability Program Plan.
The plan along with the appendix contains the policy, practices, and LRM
management activities required to implement the program. It describes
the programs objective, scope, contents, methods, and the requirements
and guidelines necessary for execution by the program participants. The
individual internal plans, practices, and procedures of the program par-
ticipants are developed and provided as infomation to the LRM. Since
the participants (RM's) actually conduct the analyses and document the
assessments more detailed step by step procedures are developed for per-
fonning the program activities to an established fonnat. To the extent
practical and appropriate the LRM provides guidance for cchieving uni-
fonnity of the various participants products.

5. 5 Document Control

The program participants have internal document control for cocuments
related to the analytical requirements of the program that shall include:
preparation; identification; review and approval; issue; distribution, and
storage; and revision. Final system and Reliability Design Support Docu-
ments prepared by the RM's are subject to review and approval by the LRM.
Lower level analyses and assessments are subject to internal RM approval
and are forwarded to the LRM for information on the progress of the pro-
gram and for identification of generic programatic or technical problems
that require corrective action. Final system level RDSD's are circulated
for review and comment within the LRM before LRM approval of the documents.
Procedure LX-OR-8 provides control and a record of the review. The LRM
reliability organization maintains a schedule, index, and file of the
program reliability assessment documents.

5.6 Review and Audit

5.6.1 Reliability Program Management Revieg

The LRM reliability organization pa*ticipates in management
reviews of the participants reliability programs. These may be
requested by the RM, the LRM or the Projec; Office. They may be
called to address specific problems or results, or to provide pro-
gram status to management.

_ - - - - - - _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ __---______---______--------___---.__--___s
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5.6.2 Audits

The LRM conducts audits of the RM's Reliability Programs in
conjunction with and as an extsnsion to the existing Quality
Assurance audit system as defined in LX-0R-46. LRM Quality
Assurance conducts the audit and the LRM reliability staff either

. participates as an audit team member or as an observer.

5.7 Reoortino

Reliability Program status meetings are held between the LRM and
Project Office staff on approximately a monthly basis to report the
status, progress and significant results of the program.

5.7.1 Reports

Final System RDSDs summarize and report the qualitative
reliability for each safety related system. Quantitative reliabil-
ity assessment reports are provided for the overall RSS and SHRS.
The LRM will provide an overall program sumary report that docu-
ments the important findings from the qualitative and quantitative
reliability assessments.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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APPENDIX A

RELIABILITY PROGRAM REQUIREMENTS AND GUIDELINES

INTRODUCTION

This Appendix is an extraction and organization of reliability program

Requirements and Guidelines from letters of direction by the LRM to the

Program Participants. The letters are indexed for reference at the end

of the Appendix. The direction has been classified as requirements or

guidelines based on "what" is required to satisfy program objectives (require-

ments) and acceptable methods for "how" to do it (guidelines). With W-LRM

approval, methods the RMs consider more appropriate than the guidelines may

be acceptable. The requirements and guidelines are organized into categories

depending en the program activities they apply to. They are indexed by category

item number (first digit) and reference letter list identifier (second digit).

REQUIREMENTS AND GUIDELINES

GENERAL

Raouirements

1.2 Qualitative design support assessments shall be performed to

identify, evaluate, and disposition RRCL component failure modes.

2.2 RRCL component and system assessments shall be perfonned on a

schedule to support the des.ign review process.

3.3 The significant concerns and uncertainties sumarized in assess-

ments shall be extracted and the actions required for their reso-

lution and final disposition shall be scheduled and transmitted to

the LRM for entry as an REL item in the " Centralized Action Corres-

pondence Control System".

|
|
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'
.

4.3 If 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.

5.1 Each RRCL item shall be controlled by an E-Specification (or

equivalent) which delineates as a minimum complete 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.

6.1 To the extent available at the time of scheduled review, reliability

design support documentation shall be incorporated into the fomal

design review packages and reviewed at formal design reviews.

7.1 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.

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

9.4 It 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.).

1
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10.7 The critical interfaces identified by component and system

level FMEA shall be reviewed against the SDD primary interface
~ list to ensure adequate specification of the interface require-

i ment in the SDD and ICDS.

| 11.4 Each analysis preliminary to the final RDSD shall be sumarized

to highlight the significant findings mutually agreed to by the

engineering and reliability analysts.

a) The finding may be that the equipment design is considered ade-

quate at this stage of the design process to prevent or mitigate

all identified failure modes,

or:

b) Significant concerns or uncertainties with the equipment's

design or operation that require additional actions for reso-

lution were identified,

and:

c) The agreed upon actions associated with these concerns or

uncertainties shall be identified, scheduled, and reported to
~

the W-LRM for entry into the CACCS as a reliability (REL)

item for tracking to resolution.

1
,
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Guidelines

1.2 Qualitative design support assessments should be the results of

a combined' effort by design engineering and reliability engineering.
,

2.2 Qualitative insights gained from RRCL item design support assess-

ments compared to modeling assumptions, failure rate assignments,

and failure mode coverage should be transmitted to the modeling

organization.

3.4 Each assessment (preliminary, update, final) associated with the

RRCL should be scheduled relative to key design activities and

entered into r'iS-IV for program visibility.

4.3 Assumptions should be avoided when possible. If they cannot be

avoided, they should be verified in the same manner as significant

uncertainties (CACCS system entries).

5.3 The FMEA and CCFA should document the rationale for adequacy of

failure mode control by discussion of design features, analysis

results, and test program results.

6.3 Any equipment specifically excluded from an assessment should be

identified and a statement as to where it will be treated shall

be provided.

.

- _ - - _ _ - . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ . . _ _ . _ _ __ ___. . _ _ . __ _ _ _ . -

Paga Fiva
REV. O

RELIABILITY RELATED COMPONENTS LIST (RRCL)

Requi rements
.,

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 appear

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.

.

O
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Guidelines
!

1.1 The listing should be organised and indexed by functional groups

that are logical for further analysis and documentation (FMEA,
1 -

CCFA, RDSD) under the major subsystem headings of RSS and SHRS.

2.1 The initial vital functional element listing should be subjected

to preliminary FMEA analysis to identify component failure modes

specific to safe shutdown and/or shutdown heat removal.

3.1 Each failure mode identified by FMEA should be categorized as (1)

has no effect on RSS or SHRS function, (2) degrades the function

of RSS or SHRS, or (3) prevents the function of RSS or SHRS.

4.1 Components that only have Category 1 failure modes snould not

appear on the RRCL, but a record of the analytical rationale

that supports their categorization shall be retained by the RM

and should be available on request.

5.4 Periodically, the RRCL should be reviewed for continued validity.

,

____ _ _
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FAILURE MODES AND EFFECTS ANALYSIS (FMEA)

Recuirements

1.2 FMEAs (identification, evaluation, and disposition) shall be
.

~

conducted on RRCL items.

2.2 For those RRCL item failure modes that are not fully dispositioned

by existing analysis results, test results, or design features, a

plan of action for resolution shall be identified as part of the

assessment.

3.2 All identified failure modes shall be dispositioned by documenting

the design features that control or prevent the failure or its

effects. The justification shall include results of analyses

and tests and any special checkout or . inspection procedures or

system redundancies that could prevent or mitigate the effects

of the failure.

^4.4 The component level FMEA shall:

a) Identify all failure modes of components including those

resulting from malfunction of interfacing equipment inputs.

b) Identify the system (SDD) level FMEA which will address the

interfacing system effects and evaluate the criticality of

impacts and design ramifications.

5.4 The system level analysis shall evaluate the criticality of the

interfacing system impacts and disposition or recommend resolution

of component failure modes in question based on criticality to the

system function.

___________ _______ _ ___ _ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ -
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1

6.4 The assessment (a FMEA and its sunmary as a minimum) shall be a

constraint on conduct of design reviews.
'

7.5 Each primary interface, listed in the RRCL components System

Design Description (SDD) shall be reviewed. Failure of the RRCL
,

components caused by interface effects shall be documented in the

components FMEA.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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'

Guidelines

l.3 Vendor supplied RRCL item equipment requires FMEA analysis in
.

support of RRCL item assessments. These may be supplied by the

vendor or conducted in-house. The vendor should be required to provide

failure experience on like or similar equipment when it is available.

2.1 Each Category 2 and 3 failure mode should be evaluated to identify

the design features that control the failure mode.

3.1 The uncertainty associated with the design features that control

failures should be evaluated by review of the design development

program analy,ses and test results.

4.1 Significant residual uncertainties should be resolved by additional

analyses or test or be brought to the attention of the appropriate

design review board for discussion and disposition.

5.2 The system modeli19 and quantitative assessment effort should be

supported during conduct of FMEAs by review of failure rate data

used in the math model. A qualitative evaluation of its validity

should be made. Recomended changes with supporting rationale

should be forwarded to the modeling RM.

- - - - - - - - - - . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _____ ______
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COMMON CAUSE FAILURE ANALYSIS (CCFA)

'

Requirements

l.2 Common cause failure analysis (CCFA) identification evaluation
.

and disposition shall be conducted in a systematic fashion on RRCL

items.

2.2 RRCL items with a susceptibility to credible common cause events

shall be highlighted in the assessment and a plan of action

developed for disposition.

3.3 The random failure modes identified by FMEAs of equipment performing

redundant safety functions shall be assessed for susceptibility to

potential common cause factors.

.

__
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Guidelines

1.1 A functional path (system to component) CCFA should be performed

for critical functions of the RSS, SHRS and PPS to identify

failure p'otentials in the system due to multiple component-

failures initiated by a comon event.

2.1 An analysis of the system and/or component design features that

tend to preclude each comon cause failure should be conducted

and an evaluation of their adequacy made.

3.1 Those comon cause failure potentials that are judged to have a

significant residual uncertainty should be resolved by additional

analyses or test or be brought to the attention of the appropriate

design review boards for discussion and disposition.

4.2 A listing of historical comon failure causes should be compiled.

The likelihood of the identified causes originating in the components

system or its interfacing systems should be qualitatively assessed.

5.2. The capability of a ccmponent or system to withstand a comon cause

initiator should be assessed by investigating failure modes for

design features and their operating margins which will accomodate

the event and prevent failure.

6.2 The failure rates used in the systems math model should be reviewed

to detemine if a comon cause failure rate factor should be added.

Those that are identified should be brought to the attention of the

modelitg RM.

7.3 Common Cause Failure is defined as a concurrent failure of either

identical or non-identical components that perform redundant functions,

due to a single comen causative factor. Concurrent is defined as an

operational time interval within which more than one redundant

_a
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|
| 7.3 (Continued)

component may fail from the same cause before the first failure

can be detected and corrected.
~

8.3 The checklist of potential comon cause factors for functionally

redundant equipment should be developed including consideration

of (but not limited to) the following:

a) CRBRP design basis events

b) Reactor operational experiences

c) Interdependencies

d) Interfacing system initiators

e) Comon locations / environments

f) Comen supporting systems

g) Comon procedures (human errors)

h) Single failure points effecting redundant trains (hardware

and human actions)

9.3 Factors that tend to reduce susceptibility to comon cause failures

and should be considered during the CCF analyses are:

a) Design margins beyond desi n_operati_ng_ limits ___..S

b) Distance or event propagation barriers between redundant

trains

c) Design, operation, servicing, auxiliary support, and main-

tenance diversity of functionally redundant equipment

d) 1.ack of credible (out of design limits) events that could

effect the equipment.

10.3 Assessing the level of concern to associate with identified CCFs is

j udgemental . This judgement could be based on an estimate of the

_ _ - . _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ ,
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10.3 (Continued)

probability of occurrence of events that could cross barriers

between redundant trains and subject all functionally redundant
- components to loads in excess of their design basis. A comparison

of the credibility of these comon events with random failure rate

data may provide a meaningful basis for judging the importance of

CCFs.

11.5 The following CCF definition was proposed and agreed to oy the

reliability program participants at a reliability meeting at AI

on February 6, 1980. CCF was defined as: " Inability of multiple

first-in-line items to perform as required in a defined critical

time period due to a single underlying defect or physical phenomena

such that the end effect is judged to be a loss of one or more

systems". (extracted from the paper by Smith / Watson, "Comon Cause

Failures - A Dilemma in Perspective",1980 ARAMS).

12.6 The above definition describes the universal set of CCFs; however,

it is not productive to analyse for the universal set. CCFA should

only analyse for the loss of functional redundancy sub-set of the

universal set of CCFs for the following reasons.

If a system function has only one functional path, it is not

important whether failure in that path was multiple (from a comon

cause) or single (from a random cause). The system effect is the

same, loss of the single functional path. These failures including

dependencies should be adequately treated by FMEA.

When redundancy of functional paths exists, randomness versus

comonality of cause (including comon dependency) is important

because the system effect is different. A failure from a random
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cause is highly unlikely to, occur in more than one redundant

path simultaneously which would leave the system functional.
) Failures'from comon causes may occur in more than omredundant

-

path rendering the system inoperable; therefore, the project

resources allocated to CCFA should be concentrated on analyzing

and assessing system functional redundancies for failure suscept-

ibility to comon cause factors. This approach would significantly

reduce the scope and complexity of CCF analyses and pennit a more

disciplined systematic and tractable approach. System schematics

of redundant functions should be used to scope and guide the

analyst and the reviewer from a beginning to an end of the analyses.

The graphics used should be included in the assessment document for

convenience of the reviewer. The graphics should provide visibility

of the scope and discipline of the analysis from function, to equip-

ment, to failure cause/ mode identification, and the rationale for

closeout or identification of the additional actions required.

_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - - - - - - - - - - - - - _ _ _ _ _ _ - _ _ _ _ _ - _ - _ - _ _ ___ _ - - - -
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RELIABILITY DESIGN SUPPORT DOCUMENT (RDSD)

Requi rements

1.1 Reliability analyses, evaluations and dispositions for all-

RRCL items (including infonnation from vendor fabrication and

test activities) shall be documented in a Reliability Design

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

for one or several RRCL items based on logical groupings.

2.3 RDSDs shall be identified as being preliminary or final.

3.3 The equipment analyzed shall be clearly and concisely defined

and described by proper nomenclature, and applicable drawing

numbers including specific revisions.

4.3 The grouping of equipment for RDSD documentation shall be com-

patible with the RRCL.

5.3 Failure mode information resulting from qualitative reliability

assessments that could alter failure rate data or the equipment

operating assumptions being used in a system model shall be high-

lighted in the appropriate RDSD and by separate letter for consid-

eration by the modeling organization.

6.3 The interface requirements specified for RRCL systems shall be

reviewed and the failure effects on the systems function of loss

of each interface shall be assessed and documented in the system

RDSD.

7.3 A summary of the more significant CCFs identified shall be included

in the RDSD. The basis for dispositioning each significant CCF or

the planned actions should be identified in the summary.

_ _ _ _ _ _ _ _
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8.4 A listing of interface inputs critical to system operation

shall be provided in the system assessments.

9.4 The final resolution of concerns and uncertainties shall be

provided. in the RDSD for the document to be considered final.
i ,

|

10.4 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.

11.5 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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Guidelines

1.1 In order to achieve a degree of uniformity between RM RDSDs,

the general format of attachment (2) should be utilized.

1 2.3 Sumary results should appear near the beginning of the RDSD.

and should be positively written because of the positive findings

or the positive actions planned _ aid sche {uleftiilresolve_goncerns or

uncertainties.

3.3 Sumary of system level RDSDs should include statements about

the individual system reliability as well as its effect on

overall SHRS or RSS systems reliability.
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NUMERICAL ASSESSMENTSr

Requirements
,

1.2 System modeling and quantification shall provide a tool to

. evaluate the systens' sensitivity to hardware failure rates

and operating assumptions. A by-product of the modeling program

shall be the overall system failure probability assessments.

2.2 RSS - A quantitative reliability assessment of the RSS failure

probability has been documented in WARD-D-Oll8. There is currently

no requirement to update this assessment. The qualitative analyses

and test program shall be monitored to determine if the need for an

RSS assessment update develops.

3.2 SHRS - GEFR-007 documents the current SHRS quantitative reliability

assessment. The model shall be updated as results from individual

RRCL item analyses become available. Sensitivity studies shall be

conducted to support SHFS system functional failure probability

evaluations. An interim and final update of the overall SHRS reliability

assessment shall be conducted to reflect significant model revisions.

4.2 The RMs shall review the modeling failure rate assignments, operating

assumptions, and failure mode coverage for their RRCL components and

systems based on the qualitative insights they have gained from their

RRCL item design support assessments.

5.2 Recomended model changes with supporting rationale, from the RMs

model review, shall be forwarded to the modeling RM.

6.2 The SHRS modeling group shall evaluate the reliability design support

qualitative assessments and make the necessary quantitative assignment

changes or system assumption changes for model revisions.

|
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SPECIFICATION NO. FA81-002

CONSOLIDATED EDISON C0. OF NEW YORK, INC.

This Appendix represents an equipment specification which establishes
general criteria for reliability requirements and guidelines for the preparation
of a reliability program plan. This was prepared by Consolidated Edison as a '

specification for purchase of condenser circulating water pumps to improve
reliability of the equipment. [
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CONSOLIDATED EDISON _C,O_MPANY O ',jjEW YORJ,_

RELIABILITY REQUIREMENTS FOR

CONDENSER CIRCULATING WATER PUMPS

1.0 SCOPE

i This specification establishes general criteria for relia-
bility requirements and guidelines for the preparation and imple-
mentation of a reliability program plan for Condenser Circulating
water Pumps (hereinafter referred to as Circ water Pumps) and
their integral components purchased by Consolidated Edison Company
of New York, Inc. (Con Edison) .

2.0 APPLICATION

This specification, when referenced in an " Invitation to
Bid," " Pump Specification," or " Contract," shall apply to Circ
Water Pumps and their integral components as specified by the
equipment specification.

3.0 GENERAL RELIABILITY REQUIREMENTS

General reliability requirements are set forth in the
following sections.

3.1 Quantitative Reliability Recuirements

The Circ Water Pumps shall comply to the values of (1)
Mean Time Between Failure (MTBF) as 87,600 hours, (2) Mean Time
To Repair (MTTR) as 400 hours and (3) Design Availability of
99.5% at rated design conditions of head and capacity as specified by
the attached equipment specification MP 81-002. The establishment of
any parameters, necessary for the determination of these reliability
requirements shall be the sole responsibility of the vendor.

3.2 Reliability Program

The vendor shall establish and maintain an effective relia-
bility program that is planned and developed to permit the achieve-
ment of overall program objectives, in a manner economical for con
Edison. The reliability program shall include the management and
tehhnical resources, plans, procedures, schedule, and controls for
the work to meet the reliability requirements. All elements of
the reliability program shall be stated in the reliability program
plan. Program implementation should be integrated into the design
phase without impact on the schedule.

Specification No.

- 1- FA 81-002
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3.3 R,eliability Program Plan

The vendor shall develop and submit a reliabi'lity program
plan as a separate and complete entity,' separately priced, within
the Vendor's proposal . The plan will describe in detail the Vendor's
reliability program, which shall comply with the elements listed
in Section 4.

3.4 Reliability Demonstration

Minimum acceptable equipment reliaSility shall be demon-
strated by means of tests and/or analyses as specified in Section
4.3 of this specification.

4.0 DETAILED RELIABILITY REOUIREMENTS

The reliability requirements are covered in detail in the
following subsections.

4.1 Reliability Program Plan

The vendor's reliability program plan shall describe the
methods of conducting the reliability program in order to meet
the requirements of this specification. The reliability program
plan shall, as a minimum, contain those elements specified in
Sections 4.1.1 to 4.1.4.

4.1.3 Reliability Organization

The size, technical capabilities, organizational structure,
res ponsibili tie s , and placement within the vendor's overall
company organization of the group responsible for fulfilling the
reliability requirements, set forth in this document, shall be
described by the vendor.

4.1.2 Reliability Analysis

Reliability analyses of the Circ Water Pumps and their
integral ccmponents shall be initiated upon receipt of a purchase
order. The purpose of these analyses is to provide the basis of
a reliability prediction to demonstrate compliance to the quanti-
tative reliability requirements and to identify items critical to
the safe performance of the pumps within the bounds of the design -

criteria specified in the equipment specification. " Critical

items" will include the integral components of the pumps and

maintenance /cperating criteria having a significant impact upon
the pumps' reliable operation. The Vendor'shall establish a
program for identification, control, and special handling of
critical integral pump components from the design through the
acceptance stage.

Specification No.
- 2- FA 81-002 j
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6.1.2 (Cont'd)

Types of reliability analyces typically performed include,
but need not be limited to, any combination of the following:

Failure Mode and Ef fect Analyses (FMDA).

Fault Tree Analysis (FTA).

Reliability modeling.

Statistical analyses for integral component.

failure rate determination
Testing of circulating water pumps and/or.

integral components.

The vendor, in the reliability program plan, shall indicate
the type (s) of reliability analyses it intends to perform, and
submit the appropriate procedures for performance of the analyses.

4.1.3 Design Reviews

Reviews shall be made at appropriate times prior to produc-
tion to evaluate whether suf ficient reliability requirements are
included in the final design of the equipment. The planned review
shall include, to the extent applicable (but shall not necessarily
be limited to), (1) current reliability estimates and achievements
derived from reliability analysis and/or test (s), (2) potential
problem areas in design or production (derived f rom reliability
analyses) and control measures necessary to preserve the inherent
reliability, (3) corrective action on reliability critical items,
and (4) effects of engineering decisions, changes, and tradeoffs
upon reliability achievements, potential, and growth. The results
of reliability reviews shall be documented and the vendor shall
notify Con Edison 7 days prior to each design review activity so
that con Edison personnel may attend. There shall be at least 3
design review meetings prior to production of the Circ Water pumps.
No final production pumps shall be manuf actured for Con Edison
usage prior to final or critical design review. In the proposal
stage the milestone chart should be presented in such a manner to
show sequence and time duration between each activity. Within ,

thirty (30) days of receipt of purchase order, the chosen vendor
shall submit its detailed program milestone chart with dates.

4.1.4 Program Milestones

The reliability program plan shall include a milestone
chart of all the reliability activities specified in the plan.
This includes schedules for testing, design reviews, reliability
analysis, etc. The milestone chart shall be updated as needed to
reflect the current schedule.

Specification No.
-3- FA 81-002
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4.2 DOCUMENTATION

A report shall be provided to Cor. Edison whthin two (2)
weeks after each design review activity. This report will contain
the following:

1. Design review minutes-

J 2. Reliability analysis to date

3. Tradeoffs necessary to meet the reliability requirerents

J4. Results of all demonstration tests

Additionally, seven (7) working days prior toeachdesign\
review meeting the vendor shall identify and if necessary supply ;
the latest revisions of drawings and partsilrits.,

~~ ,_ ;-

Monthly progress reports shall also be submitted updating
the results of the reliability effort.

I A final reliability report shall be provided to con Edison
within two (2) weeks after delivery of the Cire water pumps. This
report wil1~ summarize the results of the reliability ef fort to
date, show all demonstration test results, and include the final
reliability prediction for the Circ water Pumps.

4.3.0 Reliability Demonstration Recuirements

Reliability demonstration requirements by the Vendor of the
Circ water Pumps are described in the folloiing subsection.

4.3.1 Reliability Prediction

A reliability prediction, based on use of known sources of
generic and/or experience failure data for elements of the pump (s)
shall be prepared. The availability of the pump (s) resulting from
this prediction shall be equal to or greater than specified in the
technical specifications. (Note - the MTBF and MTTR may vary from
the values specified to provide design tradeof fs so long as the
specified availability is maintained.

4.3.2 shoo Drawings

within two weeks of delivery, the vendor shall supply
detailed shop drawings to con Edison. This is to provide assur-
ance for continued availability and timely delivery of spare parts
throughout the expected equipment life.

Specification No.
-4 - FA 81-002
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4.4.0 Warranty

The warranties set forth in Con Edison's Standard Terms
and Conditions for Purchase of Major Equipment shall be appli-
cable to condenser circulating water pumps and its components
for a period of five (5) years from the date of the initial
operation of the pump (s) in normal service. If at any time the
circulating water pump (s) cannot provide the required capaci-
ties and head, a_s a system, a determination will be made by Con
Edison as to which pump (3) has degraded to a point in which a
plant derriting is feasible and will invoke th. warrantee for
those pumps.

5.0 APPEUDIX

Appendix A has definitions useful to the vendor.

I

Specification No.
-5- FA 81-002
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APPENDIX A

DEFINITIONS

MEAN-TIME-BETWEEN-FAILURES- For a particular interval, the
(FG3 F) total functioning life of a popu-

lation of an item divided by the
total number of failures within
the population during the measure-
ment interval. The definition
holds for time, cycles, events, or
other measure of life units.

MEAN-TIME-TC -RE PA IR (MTTR) The total corrective maintenance
time divided by the total number
of corrective maintenance actions
during a given period of time.
(Given that qualified personnel,
and necessary spare parts and
repair equipment are available.)

DESIGN AVAILABILITY (A) A measure of the degree to which
an item is in the operable and
committable state when called
upon for service at an unknown
or random point in time.

The relationship to be used to
express availability involves the

Me an-Time-B e tween-F ailures (MTBF)
and the Mean-Time-To-Repair (MTTR),
as shown below.

A= MTBF
MTBF 4 MTTR

Specification No.
-6 - FA 81-002
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APPENDIX F

OAK RIDGE NATIONAL LABORATORY (0RNL)

NATIONAL SAFETY INFORMATION CENTER

PRA/ RELIABILITY BIBLIOGRAPHY

This appendix presents the results of a bibliographic search of the files of
the National Safety Information Center of ORNL. The search incompassed those

technical papers, reports, etc., concerned with the areas of risk, reliability

and probabilistic risk assessment (PRA).
, , -

-
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APPENDIX G

DATA SOURCES

Many of the Reliability, Availability and Maintainability (RAM) analyses
require failure and repair data. This appendix presents a brief discussion of
known data bases with information applicable to RAM analyses.
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APPENDIX G

DATA SOURCES

The quality and value of most RAM analysis depends greatly on the
availability of data. The data required needs to be of good quality, collected
with RAM analysis in mind, of sufficient quantity to be statistically

significant. The best data are those one has collected himself for which he
knowns the limitations. Also, ideally one would like to have data on the

specific or ioentical component or system which is being analyzed. However, data
collection of sufficient quality and quantity on all components / systems is
usually prohibitative expensive. Thus, one must reley on data collected by
others and on component / systems which are similar to the one being analyzed and
often in different applications. Potential sources for this data are discussed
below.

The following are data sources which have information available for use in
RAM analyses:

o Nuclear Plant Reliability Data System (NPRDS)

o Generating Availability Data System (GADS)

o Operating Unit Status Report (NUREG-0020)

o Licensee Event Report (NUREG-0161)

o United Kingdom Atomic Energy Authority Data Program (UKAEA) National
Center of Systems Reliability (SYREL)

o IEEE Nuclear Reliability Data Manual (IEEE STD 500-1977)

o Government-Industry Data Exchange Program (GIDEP)

o Nonelectric Parts Reliability Data (NPRD-1)

o Electronic Component Reliability Data (RAC)

o MIL-HDBK-2170
s

o Equipment Manufacturers

o DoD Information Analysis Centers

Ili RESEARCH INSTITUTE
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A brief description of each of these data sources with the type of information
available is presented.

Nuclear Plant Reliability Data 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.S. 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

Ili REsEARCH INSTITUTE



Generating Availability Data System (GADS)

The Generating Availability Data System (GADS) is a source of summary unit
performance data on all types of electric power generating equipment. The GADS

program, formerly the EEI Equipment Availability Data System, is operated by the
| National Electric Reliability Council (NERC) to collect and make available unit

performance, pedigree, and event reporting data on nuclear, fossil, hydro,
combustion, and combined cycle units.

Information is reported to NERC-GADS by participating utilities on a
quarterly basis. Included in GADS are unit statistics, outage event types,

outage causes, and unit performance information.

GADS data are suitable for operation and maintenance engineers working
mostly with overall plant and major equipment hardware. These data may be used

for availability analysis at the unit or component level.

For additional information, contact:

National Electric Reliability Council
Research Park, Terhune Road
Princeton, New Jersey 08540
Telephone: 609/924-6050

Operating Unit Status Report (NUREG-0020)

The Operating Unit Status Report (NUREG-0020) is a source of unit operating

statistics for licensed U.S. Nuclear Power Plants. The program is operated by

the U.S. Nuclear Regulatory Commission (NRC) to collect daily power levels and
monthly operating statistics from utilities and to report (GREY book) statistics
across all units on a monthly basis.

Utilities report to NRC monthly on unit performance. Included in the
performance statistics are daily average power levels (MWe), operating status

,

(including critical hours, shutdown and online hours, service availability,
capacity factors, and forced outage rate), and unit shutdown or power reduction
information. Unit shutdown and power reduction records include date, type of
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reduction (forced, scheduled), duration (hours), reason (equipment, maintenance,

refueling, regulatory restrictions, etc.) and major system or component

category.

This information is suitable for operating engineers and plant-betterment
|

! engineers. The information may be used for availability and unit performance
assessment and for plant betterment.

For additional information, contact:

National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22151
Telephone: 703/321-8543

Licensee Event Reoort (NUREG-0161)

The Licensee Event Report (LER) is a source of off-normal and cause and event
descriptions of departures from technical specifications in the operation of
nuclear power reactor plants. The LER program is operated by the U.S. Nuclear
Regulatory Commission (NRC) to collect and make available facility, system,
component, and manufacturers' data related to the reported event.

Information is reported to NRC by utilities on a daily, bi-weekly, or monthly
basis depending on the nature of the event. Included are details of plant,

system, and component statistics, and narrative descriptions as to cause and
event.

LER data are suitable for oper dinns and plant-betterme t engineers working
with safety-related systems and components. Thesc data may be used for sfety
analysis and event-sequence studies of major safety systems and components,
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For additional information, contact:

License Operation Evaluation Branch
Office of Management and Program Analysis
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
Telephone: 301/492-7724

United Kingdom Atomic Energy Authority Data Program (UKAEA)

National Center of Systems Reliability (SYREL)

The United Kingdom Atomic Energy Authority (UKAEA) data program is a
comprehesive source of nuclear power reactor reliability data from operating
plants within the United Kingdom. The program uses a data classification coding
format similar to that of the FARADA and GIDEP programs.

The UKAEA uses its long-standing equipment fault and incident reporting
system as a primary source of equipment service data in its reactor plants.
There are approximately 900 categories of components in the reporting system.
The National Center of System Reliability (SYREL) data bank contains informatio.
on performance availability and generic component reliability data.

This information is suitable for maintenance and plant-betterment engineers
and may be used for maintenance planning or unit availability studies.

For additional information, contact:

Systems Reliability Service (Date)
UKAEA (SYREL)
Wigshaw Lane
Culcheth, Warrington, Lancashire, WA34NE
United Kingdom

IEEE Nuclear Reliability Data Manual (IEEE STD 500-1977)
(IEEE Guide to the Collection and Presentation of Electrical, Electronic, and

Sensing Component Reliability Data for Nuclear-Power Generating Stations)

The IEEE Nuclear Reliability Data Manual is a source of reliability data for
electrical, electronic, and electromechanized components commonly is use in
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nuclear power generating stations. The manual was prepared by Working Group

SC5.3 of Subcomittee 5 Reliability of the Nuclear Power Engineering Committee of

the IEEE Power Engineering Society. The data contained in the manual were

provided by over 200 consultants and experts in the field.

The reliability data presented include failure modes, failure rate ranges,
and environmental factor information on generic components. Reliability data

appear in the form of hourly and cyclic failure rates and failure mode
information for over 1000 electrical, electronic, and sensing components. Low,

recommended, high, and maximum failure rates are given for each individual mode.

This information is suitable for desgin engineers. The Data Manual offers a
data base to be used for the performance of qualitative and quantitative
systematic reliability analyses of nuclear power generating stations.

For additional information, contact:

IEEE Standards Sales
IEEE Service Center
445 Hoes Lane
Piscataway, NJ 08854
IEEE STD 500-1977, SH06684

Government-Industry Data Exchanae Program (GIDEP)

Government-Industry Data Exchange Program (GIDEP) is a cooperative program

between Government and Industry for exchanging data among participants to reduce

time and money for researching relevant areas. The program provides a means of

exhanging certain types of technical data used in research, design development,
production, and operation of systems and equipment used mainly in electronic or
electro-mechanical application.

GIDEP incorporates the Failure Rate Data Program (FARADA), which is jointly

sponsored by the Army, Navy, Air Force, and NASA. The FARADA program comprises

the collection, analysis, compilation, and distribution of f ailure rate and
failure mode data.
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Participants in GIDEP are provided with access to four major data
interchanges: (1) Engineerging Data, (2) Metrology Data, (3) Reliability-
Maintainability Data, and (4) Failure Experience Data.

GIDEP information is suitable for design engineers working most'y with
electronic, electrical, and electromechanical components. This information may

be used for qualitative studies such as f ailure modes and effect analysis,
decision tree analysis, and event tree analysis, as well as for quantitative
studies such as reliability prediction, test interval calculation, or spare parts
studies.

For additional information, contact:

GIDEP Operations Center
Corona, California 91720
Telephone: 714/736-4677

Nonelectric Parts Reliability Data (NPRD-1)

The Nonelectric Parts Reliability Data is a publication providing test and
reliability data primarily from military and space applications. The information
is provided in four sections: (1) generic level failure rate data, (2) detailed
part failure rate data, (3) part data from commercial applications, and (4)
failure modes and mechanism.

The nonelectric parts reliability data is suitable for design engineers
working mostly with electrical and electromechanical components. This

information may be used for qualitative studies such as failure modes and effects
analysis and decision tree analysis, as well as quantitative studies such as a
reliability prediction of systems composed of nonelectric parts.

t

For additional information, contact:

Reliability Analysis Center
RADC/RBRAC
Griffiss AFB, New York 13441
Telephone: 315/330-4151

IIT REsE ARCH INSTITUTE
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Electronic Component Reliability Data

The Reliability Analysis Center publishes test and reliability data on

electronic components, such as integrated circuits, memories, hybrid, linear
interface devices and transistors and diodes. The data have been collected from
military and industrial sources, analyzed and merged into a common database. Thet

database is used as the source for the publications which include failure rate
data, and failure modes and mechanisms information by device type and

environmental stress. Summaries are provided which include failure rate

comparison by device function, complexity, screening and models in MIL-HDBK-2170

(see below).

The electronic components reliability data are suitable for use by design
engineers working with electronic systems. The information is very useful for
doing reliability prediction, FMEA and FTA on electronic systems.

For additional information, contact:

Reliability Analysis Center
RADC/RBRAC
Griffiss AFB, New York 13441
Telephone: 315/330-4151

MTL-HDBK-2170

This military handbook entitled, " Reliability Prediction of Electronic

Equipment," dated 15 January 1982, has been developed to establish uniform
methods for predicting the reliability of military electronic equipment and

systems. It provides a common basis for reliability predictions and a basis for
comparing and evaluating reliability predictions of related or competing

designs.

MIL-STD-217D presents failure rate models for nearly all electronic
components along with qualifying factors which design or reliability engineers
can use to perform reliability analysis on electronic systems in specific

applications.
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Copies are available from

Naval Publications & Forms Center
5801 Tabor Avenue
Philadelphia, PA 19120
Telephone: 215/697-2000

Equioment Manufacturers

Manufacturers of components, equipment and systems normally have performed

some reliability and maintainability testing on their own equipment. Often they
will make these data available to the users either routinely or by special

request. Great care must be taken when using manufacturers' reliability data
since it indicates the quality of their product and they would not release it if
it shows poor results.

.

Manufacturer's data can often be obtained by indicating in the equipment
specification that reliability data must be provided.

Manufacturers' data can often provide a second source of information on an
component / equipment type but ideally other data should be used.

DoD Information Analysis Center

The DoD sponsors 20 information analysis centers which collect, review
analyze appraise summarize and store available technical information on subjects
of highly specialized technical nature. In addition to the Reliability Analysis
Center which specializes in electronic reliability data, as discussed above,

centers have data which are applicable to the design and improvement of nuclear
power generating facilities. A few of centers with applicable data are:

o Concrete Technology Information Analysis Center

o Data & Analysis Center for Software

o Hydroulic Engineering Information Analysis Center

o Metals and Ceramics Information Center

o Mechanical Properties Data Center
llT REsE ARCH INSTITUTE
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Mechanical Properties Data Centero

o Nondestructive Testing Information Analysis Center

o Plastics Technical Evaluation Center

o Shock aiid Vibration Information Center

o Thermal physical and Electronic Properties Information Analysis Center

( Information on the availability of data can be obtain by contacting Mr. James
F. Pendergast at the Defense Technical Information Center. His address is:

Administrator
Defense Technical Information Center
ATTN: DTIC-AI
Cameron Station
Alexandria, VA 22314
Telephone: 202/274-6260

3
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APPENDIX H

SURVEY QUESTIONNAIRE ON

RELIABILITY PRACTICES AND CONTROL ELEMENTS

This questionnaire was used as a guide to the interviewers during surveys of
electric power generating facilities.

H
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DRAFT 12/22/81
. -

REVISED 2/82

SURVEY QUESTIONNAIRE
ON

RELIABILITY PRACTICES AND CONTROL ELEMENTS

CONTENTS,

1

|

I ORGANIZATIONAL INFCRMATION-

II PRACTICES & CONTROL ELEMENIS DURING ACQUISITION
-

III -

PRACTICE & CONTROL ELEMENTS DURING OPERATION
IV RELIA 8ILITY PROGRAM EFFECTIVENESS-

V RELIABILITY PERFORMANCE INFORMATION-

DOCUMENTATION

NOTE: This questionnaire is designed to aid in determining the scope and
effectiveness of current reliability practices and control elements planned
and applied by the nuclear power generating industry. Although this
questionnaire is intended for use with any organizatica in the industry,
it is designed to facilitate gathering of reliability information frem the
standpoint of those organizations directly responsible for the acquisition
and cperation of systems and equipment used in nuclear power plants. It is

recognized that collecting information on system / equipment acquisition and
operation may require an addendum to address specific aspects as they relate
to individual organizations. This general questionnaire should be used with
addendum, as necessary, in the performance of the surveys.

- - -
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SURVEY QUESTIONNAIRE

DATE _ _
GRGANIZATION CONTACTED

NAME

LOCATION

DESCRIPTION

l
INDIVICUAL(s) CONTACTED SURVEY TEAM

NAME TITLE / POSITION NAME TITLE / POSITION

,
-

I ORGANIZATION INFORMATION

1) Is an operating formal reliability organization maintained with a
permanent in-house staff?

s

2) Who is the person responsible for reliability?

What is his position in the organization? '

What are the names of other key people in the organization?

3) What is the relaticnship of reliability to other organizatienal functicns?

Do they interface directly with:

Project Management?

Design?

Quality Assurance?

Other?
(Obtain organization chart, if available)

1
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4) What is the size of the reliability staff?s

I
,,f Is staff composed of experienced reliability engineers?

> .

s; Number of Professional? Degrees? Avercge Experience?

Number of Non Professional?,

y. Are supplementary reliability analysts used?
Are reliability related papers published regularly? . . _

.

'5 ). Describe the general functions of the reliability organization?
.

Specification?e

(Prepare, review from reliability standpoint)-.
s

.e Supplier reliability audit & surveillance?
. s. . j

s' , Reliability (availability) analysis?s

Design drawing and specification review (for adequacy ofe

reliability requirements)?

Component engineering?e
.,

Design review (ICR)?e
,

Demonstration / acceptance test menitoring?e

,

Failure analysis?a
'

r
,

Data recording & analysis?e

Operational relicbility assessment? ~e

Product improvement'prcgrams?1 e
i.

i; .

o,
.

6) Are other organizations involved in reliability (ir related) 'functicos?
#

'

\ ,

Test laboratories?
'

,

Quality acsuraice?
,

Failure analvsis7 <o
.

'
,

j. ,/;

7) Are formal reliaoility trdning pregrrims cenducted?
e- Reliability engineering trainicg?' ,

Operational & c.aintenance tr'aining?-

\
'

!

i

h

'

-

-
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II PRACTICES AND CONTROL ELEMENTS DUR ING ACCUISITION

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

! Are there formal policies / procedures ccvering:

Determination of reliability requirements?e

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

Acquisition of new (or replacement) system / equipment toe

meet the requirements?

Operation and maintenance to assure that reliability ise

maintained?

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

Design?e

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?
>

Development /R growth? Screening?
Demonstraticn? Acceptance?

Qualification? 100% Sampling?

e Management and control?

R program plan? Failure analysis and reporting?
Parts control? Data reporting, analyses and feedbg
Critical item centrol? Reliability assessment?
Configuraticn control? Sub-centractor/ supplier centrol?
Program / design review?

3
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3) Ara standard raliability progrrm rcquirements impo d?
(Eithsr fully contractually, limited or as a guide)

MIL STD 7857

MIL HDEX 217?

MIL STD 781?

4) Are system reliability program elements planned and applied?

A. Reliability prediction / apportionment / assessment?

Allocation techniques?e

Numerical evaluation / prediction analysis?e

Redundancy aspects of passive ecmponents?e

e Verificaticn test metnods?
e SFP detection methods?

The survey shculd address the objectives of the methods, e.g., are they used to:
(1) establish sub-system /ccmponent reliability goals, (2) provide quantitative
measures of reliability during the development 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 demonstration
tests, (6) establish the need for redundancy, (7) identify single failure
points and provide quantitative input for early spare provision plans. The
survey should obtain information en the extent and effectiveness of system model;
depicting the reliability interconnecticn of the subsystems and components,7

the f ailure 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 /fjeld data
used to assess achieved reliability.

~,

8. Maintainability predicticn/ assessment?
Allocaticn techniques?e

Numerical evaluation / prediction?
. _.___

e

e Verification methods?
_

The survey shculd address the cbjectives of the methcds, e.g. , are they used
to: (1) establish subsystem /ccmpcnent maintainability goals, (2) provide
a quantitative measure of how easily a design can be maintained (3) determine
unere the design can be improved. The survey should cbtain informaticn en
the effectiveness of the methods to aid design trade-off decisions, plan and
verify test methods and provide input for early spare provisioning plans.
Maintenance level diagrams, work factors, repair time data (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 predicticns shculd be obtained
as well as information en techniques to apportion maintainability require-
ments and set maintainability goals among subsystems and components.

4
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I
C. System interface?

Compatability?e

Malfunction effects analysis?a

Detection / evaluation methods?e

e Rededial action?
Ccnsequence analysis?e

e FMEA/FMECA?

Sneak circuit analysis?e

The survey should address the effectiveness of analysis techniques in
!

evaluating system interfaces and compatibility between subsystems /ccmponents
particularly to determine the consequences of failure or malfunction on overall
system reliability. Information on how the methods are applied to determine,
for example, the need for redundancy and fail safe design features, identify,

| single failure points, identify critical items and to assure subsystem / componentcompatability should be cbtained. Also the survey shcund address the effective-
ness of the methods in providing input to R&M models/ predictions, identifying
remedial action priorities, identifying critical items, defining failure
detection / evaluation methods and providing key inputs for developing maintenancestrategies and plans. The extent, depth and rigor of the techniques and in
particular the uncertainties of their results should be discussed including:
(1) FMEA/FMECA procedures and the basic data and information (e.g., frcm 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 analysis
and (3) sneak path analysis techniques that are applied to further locate and
ultimately force out potential malfunctions, that occur without component
failure, due to the existence of a sneak circuit or latent path.

D. Trade-off study?

Improvement techniques?e

Cost-effectiveness?3

Improvement evaluation?e

The survey should address techniques used to help make R&M trade-off decisiens
involving the evaluation of design alternatives ac well as the determination of

; program / test requirements. Information on how trade-off studies are per-I

formed to determine, for example, the optimum MTcF/MITR mix that wculd maximize
availability should be cbtained including sensitivity curves and other data !

,

which aculd shcw the relationship of R&M parameterspa,trols and engineeringtasks to availability and cost.
,

5
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E. Independent Design Review (IDR)?

Techniques applied?e

Reliability impact?e

e Remedial action?
e SFP assessment?

Techniques to surface hidden system faults?e

-

The survey should address procedures applied to systematically review
performance, reliability, maintainability and varicus other system character-
istics at major design and testing decision points. The survey should obtain
information on the adequacy and completeness of checklists developed to
support design reviews. Criteria applied to determining conformance or
adequacy should be obtained covering such design / program items as:

.. -

Program plans
.

.e

R&M allocation, predictions and assessmentse

Identification and evaluation of critical componentse

Test plans and procedurese

Maintenance conceptse

Subsystem and component specificationse

Remedial actionse-

Single point failure (SPF) assessmente

FMEA/FMECA/FTA/ sneak circuit analysis or othere

techniques to surface hidden system faults
Failure analysis reportse

a Growth test data
Production reliability assurance planse

Supplier control methodse

Configuration managemente

Documentation and reportse

Also the methcds employed to control the independent design reviews including
the thoroughness of deficiency follcu-up control procedures shculd be
discussed.

5) How do data uncertaintities effect the system reliability ,

program elements?

6) How are the effects of cperator and maintenance actions
taken into account on safety system reliability analysis?

7) Are harcware reliability program e lements planned and applied?
A. Hardware specificatien?

Reliability requirements (MTBF, MTTR)?e

Application techniques?e

6
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Tha survey should address techniques used to determins hardware R&M
specifications and, in general, how requirements are established that satisfy
safety requirements, operational availability needs an'd 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
obtained.

.

8. Hardware selection?

Reliacility experience?e

e Failure rate censiderations?
I e Interface consideraticns?

Hardware maintainability considerations?e

The survey should address basic precedures and criteria applied to select
system hardware 'e.g. , based on preven R&M and long life characteristics and
demonstrated acceptability to meet system needs). Informaticn on how failure
rate and mode experience data, subsystem / component interfaces (particularly
between R&M parameters and the system design and development process), legistic
f actors and the supplier's background cr prior experience in the R&M and relatet
areas are considered in selecting critical hardware items should be obtained,

s

C. Ccmponent derating?
.

Policy?e

Techniques?e

Are guidelines applied?e

The survey should address the use of derating guidelines in the design of
hardware items to assure that all ccmpenents are ccerated well within
recommended stress limits. How techniques are applied to reduce the
probability of hardware-induced failures and allcw the compcnents to
realize the full extent of their inherent reliability should be discussed.

D. Screening?

Burn-in techniques?e

Testing criteria?e

Selecticn (part) approval?e

7
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The survey should address me thods techniques and ' guidelines used to plan
and implement hardware screening and burn-in programs. Information on the
application of stress screening during hardware production on a 100Y. basis for
the purpose of revealing inherent, as well as workmanship and process-induced,

i

defects without weakening or destroying the hardware,
i

! shculd be obtained in-
cluding screen test profiles, time durations, acceptance criteria and other'

elements and controls. The methodologies and techniques to plan optimum screen
programs and to determine the most effective burn-in time periods should bediscussed.

~

'

s

E. Production degradation control?

e Methcd of control?
a Preventive action?

Acceptance?e

Failure reporting analysis and corrective action?e

,

.

The survey should address techniques used to control reliability during manu-
facturing, to minimize degradation of intrinsic or designed-in reliability andto accelerate reliability growth.
techniques to isolate intrinsic and induced defects in a manner such thatInformation on methods of control, including
special inspecticns or screens can be applied to eliminate the defects shouldbe obtained.

Information on failure analysis and data collectico programs

ccvering failures reported during manufacturing and actual experience duringcperation and how the data is applied to modify and improve the manufacturingi process should also be obtained.

| 8)
| Cescribe any other reliability practices and control elements
! that are applied during acquisition?

9)
Are IEEE and ANS standards effective in producing compcnent
reliability?

10)
How is component reliability preserved in storage, and during|

installaticn and ccnstructicr?
|

III
1 PRACTICES AND CONTROL ELEMENTS CURING OPERATION

1) How is reliability assured during operation and maintenance?

Is there an operating philosophy? (e.g. , minimum number
i of hours per start)?
1

How is operational staff organized?
!

How is maintenance staff organized?

8
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2) How is operational / failure data collected and analyzed?

Is the data system computerized?

What computer codes are used?

For what?

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

4) Is available operational reliability data sufficient?
If not, how can it be improved?
At what cost?

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

How do data uncertainties effect the reliability
assessments?

6) Have product improvements programs been initiated?

7) What reliability program elements are planned and applied?
A. Maintenance policy / practices and strategy?

Preventive maintenance?e

Corrective maintenance?e

Fault detection / isolation?e

Logistics?e

Downtime control?e

e Service (life) time?

9
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The survey should address basic maintenance concepts, maintenance personnel
skill levels, support equipment requirements, logistics, training repair
management, maintenance manuals and support data and other maintenance
parareters . Information on the rationale / cost benefits of the maintenance
parameters and techniques for establishing preventive maintenance frequencies,
corrective maintenance procedures, fault detection / isolation methods and,
in general, controlling downtime over the entire service life of the system /
equipment (40 years) should be obtained.

B. Replacement strategy?

Time constraints? (frequency)e

Replacement criteria?e

e Verification?

The survey should address varicus replacement strategies including those
based cn time (or number of cycles) constraints as well as those based
en the cperaticnal ccndition of the hardware. Information on methods and raticr
ale for establishing replacement criteria (time /cendition factors), threvavay
concepts, and verification that replacement was acccmplished properly, and
that the hardware is restored to full operaticnal integrity shculd be obtained.

-

C. Reliability growth program?

Failure analysis procedures?e

Reliability improvement techniques?e

Diagncstic activity?e

Requirements verification (MTEF/MITR)?e

Immaturity failures versus randem failures analysis?e

Cetecticn of latent defects during test, method?e

Wearcut failure problem, solution?e

The survey shculo address methcds acplied ta analyze, correct, improve
and, in general, grcu reliability. Informatico en autcmatic mcnitoring functicr
designec to survey selected system performance parameters cr operating ccnciticr
(such as temperature) in order to detect imprcing system /ccmpenent malfunction
and to make (or allov) compensating adjustments or correcticns should be obtaine

.

10
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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 with respect to determining the extent and
effectiveness of: (1) analysis techniques to determine root causes as they
relate to various hardware technologies; (2) statistical techniques 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 acnieved R&M parameters such
as mean time between failure (MTBF) and mean time to repair (MITR).

IV PROGRAM EFFECTIVENESS

1) During system / equipment acquisition vere all of the original R
program requirements (system / hardware elements) completed in
their entirety?

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

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

4) Did significant management changes or organizational changes occur
during the programsaffecting the manufacturer, system designer or the
utility?

If so, did this change the attitude regarding the reli-
ability requirements?

5) Were there major changes in the ccurse of the programs such
as program stretch-cuts, performance definition changes, etc.?

11
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Did the program changes affect the reliability requirements?

|

6) Did major engineering / design changes cccur as a result of reliability,

deficiencies uncovered during:

Design (R prediction,FMEA, etc.)?e

Development /R growth tests?e

e Demonstration tests?
Screening?e

Acceptance?e

Plant operation?e

7) W ere there major problem areas uncovered during the design reviews?

If so, were these resolved satisfactory and in a timely manner?

.

8) Did significant cost overruns occur during acquisition?
To what were these attributed?

Were reliability deficiencies significant centributors to any
cost overruns?

9) What reliability research is needed?

10) How much money (and how many manheurs) can usefully be spent on
reliability?

11) Of what value to reliability are NRC I and E bulletins - which - why?

12
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i

i

12) What organization has the best reliability program - why?

.

13) What NRC sponsored research has been of value?

|

V RELIABILITY PERFORMANCE INFORMATION ~ -

1) In general are the system / equipment used in nuclear power plants
considered:

Reliable (performs without problems)?-

| Satisfactory (performs in spite of minor problems,--

, - - -
requires maintenance, but easy to maintain,)?

!

Poor (performs but fails often and requires extensive|
-

) maintenance)?
I

|

} Unsatisfactory (fails often and requires extensive and difficult-

maintenance)?

k

i 2) What are the principal reliability prcblems?
Design?
Workmanship?

Operational software procedures?

Human factors?

Maintenance precedures?

Envirncmental censiderations?

13
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3) Does actual operational reliability generally agree with what
was predicted and measured during acquisition?

I

^

l

I

4) What subsystems, equipment or components fail most of ten?

Mechanical? Outage Rate?
!

Electrical? Outage Rate?

i

14
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DOCUMENTATION

Try to obtain available documentation, such as:

1) Management policy statements concerning reliability.
! 2) Reliability, maintainability program plans - general and specific.

3) Reliability indoctrination / training programs for management' engineers
reliability and QA, operators and maintenance personnel.

,

|

| 4) Procedures or description of methods employed in implementing reli-
ability oriented activities during engineering, testing, production,
installation and operation of systems and components.

5) Methods and procedures for system designers and hardware supplier
reliability control.

6) Documentation of data feedback system in effect within the organization
and any employed universally within the industry.

7) Testing methods and precedures - reliability tests, demonstration tests,acceptance tests, etc.

8) Technical reports of reliability analysis, testing, cperations, research.
or other study efforts; reliability data compilation; maintainability
data compilations, life cycle cost maalyses.

9) Maintenance procedures, maintenance logs and forms, problem areas,
etc. relative to system / equipment operation and maintenance.

10) Warranty practices - typical or standardized warranty policy.
11) Standard or accepted reliability terms and, conditions.

12) Published reliability related papers.
>
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