ASME Resear ch: Risk-Based Inspection Guidelines
Balkey, Kenneth R.; Ayyub, Bilal M.; Gore, Bryan F.; Harris, David O.; Karyda...
Mechanical Engineering; Mar 1990; 112, 3; ABI/INFORM Global

pg. 68

ASME
RESEARCH

Risk-Based
Inspection Guidelines

Kenneth R. Balkey, Westinghouse Electric Corp.

Bilal M. Ayyub, University of Maryland
Bryan F. Gore, Battelle Pacific Northwest Laboratories
David O. Harris, Failure Analysis Associates
Dimitrios Karydas, Factory Mutual Research Associates
Fredric A. Simonen, Battelle Pacific Northwest Laboratories

Herb Smith Jr., McDonnell Aircraft Co.

0.J.V. Chapman, Rolls-Royce & Associates Ltd.

n-service inspections can play a

significant role in minimizing

equipment and structural fail-

ures. However, for many com-

ponents that are required to
maintain pressure boundary integrity
or that are subjected to severe ser-
vice conditions in the nuclear power,
fossil-fired power, and the petroleum
and chemical processing industries
as well as other applications, in-ser-
vice inspection requirements are ei-
ther established based upon prior ex-
perience and engineering judgment
or are nonexistent. Most in-service
inspection requirements or guide-
lines, if they exist, are usually estab-
lished with only an implicit consider-
ation of risk-based processes and
information, such as the likelihood of
failure for the plant-specific material,
operation, and loading conditions,
and of the consequences of compo-
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nent failure. All aspects of inspec-
tions, that is, objectives, method,
timing, and acceptance criteria, can

significantly affect the likelihood of -

component failure.

Catastrophic structural failures
over the past decade such as pipe
ruptures in fossil-fired generating
stations, tank failures in the process-
ing industry, collapsing bridges, and
the breakup of major aircraft compo-
nents while in flight highlight the
need to more explicitly relate risk to
inspection programs.

Given this situation, the ASME
Codes and Standards Research Plan-
ning Committee suggested that a re-
search program be initiated to deter-
mine how risk-based methods could
be used to establish inspection re-
quirements and guidelines for sys-
tems and components of interest to
mechanical engineers. This article
outlines the research program that
was approved by the ASME Board
on Research and Technology Devel-
opment and the ASME Council on
Codes and Standards.

The fundamental objective of this
research program is to use risk-based
methods for developing inspection
guidelines that maintain safety, while
being cost-effective, for new or re-
vised ASME codes and standards.
These methods include developing
processes such as probabilistic risk

assessment and probabilistic struc-
tural mechanics. (For further discus-
sion of these methods, see the No-
vember 1984 and July 1986 issues of
Mechanical Engineering.) This re-
search work is being performed for
areas ranging from systems and com-
ponents in nuclear and fossil-fired
power stations to those in aircraft.

In order to meet the short- and
long-term objectives of the ASME
research project, a two-phase pro-
gram is being applied. Phase | is
primarily providing the general doc-
ument that recommends and de-
scribes appropriate methods for es-
tablishing risk-based inspection
guidelines for any facility or structur-
al system in conjunction with an ap-
pendix document. The appendix
document will recommend and de-
scribe specific methods for support-
ing ASME Section XI of the Boiler
and Pressure Vessel Code in utilizing
risk-based inspection methods for
the review of inspection require-
ments at nuclear power facilities. In
addition, other areas of interest to
ASME where structural failures have
the potential to result in a large hu-
man or economic loss, are being
prioritized for consideration in Phase
2.

Phase 2 will involve the prepara-
tion of additional appendix docu-
ments that recommend and describe
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specific risk-based methods for use
in preparing new or revised codes
and standards to establish inspection
guidelines for non-nuclear facilities
or other structural systems.

A paper entitled, ‘‘Probabilistical-
ly-based Inspection Guidelines,”
which was presented at the Risk
Analysis Forum as part of the 1986
ASME Winter Annual Meeting,
served as a starting point for the pro-
ject. The paper provided a review of
current inspection requirements for
systems and components in several
industries and identified some of the
risk-based methods that are current-
ly available for the development of
guidelines for cost-effective in-
spections.

In accordance with the research
plan, a simplified, but comprehen-
sive, risk-based process has been de-
veloped for outlining the scope of
inspections for components in any
given system. An enhanced failure
modes, effects, and criticality analy-
sis methodology has been developed
to obtain information for prioritizing
what should be inspected and deter-
mining where to look. This tool inte-
grates information on prior operating
experience and inspection results, if
any exist, with the identification of
potential degradation mechanisms,
failure modes, and effects. It ranks
each component based on risk by
combining the likelihood and conse-
quences of component failure. Sim-
plified methods for defining the tim-
ing and approach that should be used
to perform the inspection of an im-
portant component are currently be-
ing developed. Extension of these
methods to nuclear power plant ves-
sels and piping systems is also cur-
rently being researched.

Examples from the applications
that are being drawn upon for the
research program are discussed be-
low. Use of risk-based inspection
methods for examining nuclear pow-
er plants through marine ship hull
structures typifies some of the tech-
nology that is being explored in the
research program.

Inspection Program

A program is currently being im-
plemented, by the U.S. Nuclear Reg-
ulatory Commission, for inspections
dealing with operational safety verifi-
cation, maintenance, and surveil-
lance observation requirements for
nuclear power plants. Although this
program can enhance the inspections
that are performed to find flaws and
evaluate degradation mechanisms for
insuring the pressure boundary in-
tegrity of components, these inspec-
tions are generally outside the scope

of the Phase 1 research effort. The
objective of this program, as stated
in the current NRC Five Year Plan,
is ‘‘to assess licensees’ operation of
nuclear power plants to ensure safe
operation of the facilities in accor-
dance with NRC regulations.”” An
underlying objective supporting this
overall objective is, ‘‘to ensure that
the finite resources available for in-
spections are efficiently and effec-
tively allocated to enhance reactor
safety.”” A key element in this pro-
gram is the use of insights from prob-
abilistic risk assessments (PRAs) to
focus inspection activities on the
most risk-significant areas and
issues.

Risk insights obtained from PRAs
are incorporated into this program in
two major ways. First, plant-specific
“‘Risk-based Inspection Guides’’ are
being prepared which identify the
most risk-important systems and
components at each plant. This in-
formation is provided to NRC resi-
dent inspectors for use in planning
their routine plant inspection activi-
ties. Second, risk information from
PRAs is being used directly in the
planning and performance of team
inspections by NRC regional and
headquarters inspectors. Additional
analysis of PRA information is re-

quired for both of these uses. In sup-
port of these activities, the NRC is
providing additional training to in-
spection personnel in understanding
and applying the information which
is provided in PRAs.

To support the NRC risk-based in-
spection program, a five-day course
has been developed that introduces
NRC resident inspectors to event
trees, fault trees, and the calculation
and interpretation of risk importance
measures such as the Fussel-Vesely
and Birnbaum importance measures.
It also introduces them to the exten-
sive qualitative information on safety
systems which is presented in PRAs,
including the systems descriptions,.
dependency diagrams, success crite-
ria, common cause-failure relation-
ships and dominant event sequences.
Major insights obtained from PRA
analyses performed to date are also
presented.

This course provides the inspec-
tors with the ability to understand
and selectively extract information
from PRAs, without being over-
whelmed by multivolume reports or
intimidated by the terminology. It
also introduces the inspectors to the
Risk-based Inspection Guides. and to
the method of analyzing PRA infor-
mation used to develop inspection
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Figure 1. Piping reliability is enhanced by improvements in nondestructive examination (NDE).

MECHANICAL ENGINEERING / MARCH 1990 / 69

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




Probability
distribution

Actual aircraft
flight hours

Interference

XorL

Xocr
Life (hours)

/_ distribution

(Probability of failure)

Failure

Figure 2. In predicting risk of structural failure, the probability of failure is determined from two Weibull distributions. The shaded area indicates a finite
probability of failure whose magnitude is a function of the degree of overlap of the two distributions.

plans for risk-based team inspections.

The Risk-based Inspection Guides
present risk information derived from
plant PRAs in a format which does
not require PRA knowledge to un-
derstand or apply. The format has
been developed to be immediately
useful to NRC resident inspectors in
planning and performing their rou-
tine inspection activities, and in
evaluating the risk significance of in-
spection findings and operational
events. Guides have been, or are be-
ing, produced for all plants for which
PRAs are available to the NRC.

Each guide presents a discussion
of the most risk-important accident
initiators for the plant, followed by
descriptions of the dominant accident
sequences that lead to core melt.
When possible, plant design features
that cause unusual vulnerabilities to
specific accident initiators are
identified.

This discussion is followed by a
listing of plant systems associated
with 98 percent of the inspectable
risk of core melt. This list is ordered
two ways according to two different
risk importance measures. These are
the fraction of the total core melt
frequency to which failures of com-
ponents in each system contribute
(the Fussel-Vesely Importance Mea-
sure), and the probability of core
melt assuming that the system has
failed (the Birnbaum Importance
Measure). These prioritization
schemes are based on the failure
probabilities used in the PRA analy-
sis, and inspections are performed to
prevent degradation of these
probabilities.

For each of these risk-important
systems, a brief system description is
provided, along with other important
information provided in, or devel-
oped from, the PRA. For each sys-
tem, risk-important components are
tabulated and inherent major failure
modes are described. Single failures
and unusual system vulnerabilities
identified from the PRA are also
noted.

In addition, an abbreviated system
walkdown checklist is provided ad-
dressing only the risk important com-
ponents. This table allows the resi-
dent to perform relatively rapid
system inspections which address
most of the risk associated with the
system.

Cross-reference tables are also
provided which list the component
failure modes relevant to specific
types of inspection efforts such as
maintenance, surveillance, and oper-
ator actions.

Since not all plants have PRAs
available for analysis, a technique
has been developed to produce in-
spection guides for those plants. It
uses insights from published PRAs
regarding the risk importance of
safety and support functions to infer
the risk-important systems and com-
ponents at other plants. Test compar-
isons between guides produced this
way, and guides produced by analyz-
ing the PRAs directly, indicate that
this procedure produces meaningful
and useful risk-based inspection
guidance when PRA information is
not available.

The NRC'’s Risk-based Operation-
al Safety and Performance Assess-

ment inspection procedure utilizes
risk information presented in a pow-
er plant PRA to structure and priori-
tize the inspection activities of a
team of technical experts engaged in
an extended inspection of one to sev-
eral weeks. A methodology is pro-
vided for the identification (from the
PRA) of risk-important components
and important accident mitigation
and recovery actions to use in as-
sessing the operational readiness of
the power plant.

This inspection procedure focuses
on determining whether or not the
plant is operated and maintained in
such a way that: plant challenges are
minimized; safety systems, equip-
ment and components will be avail-
able, reliable, and operable: plant op-
erators are capable of recognizing
and responding appropriately to
plant challenges, and capable of con-
ducting timely and effective accident
mitigation and recovery actions; and
the licensee has appropriately fac-
tored available risk information into
the plant’s programs, procedures and
design.

The procedure describes how PRA
information should be used to rank
the risk importance of component
and operator failures (basic events),
based on the core melt frequencies
associated with the dominant cut
sets. Initiating events, component
and instrumentation failures, and op-
erator errors and recovery actions
are all addressed. Based on this in-
formation, the lines of inquiry of the
inspection and the composition of
the inspection team are to be driven
by the PRA information. An impor-
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Figure 3. Based on a field inspection of aircraft, a crack growth curve is used to help build the aircraft failure distribution.

tant aspect of this inspection proce-
dure is that it addresses operator per-
formance in recognizing and
responding to off-normal situations,
and in mitigating the effects of acci-
dents. Risk-important accident se-
quences from the PRA are used to
develop simulator scenarios, which
are then used to test the responses of
plant operators and the adequacy of
the plant procedures for coping with
the accidents.

Inspection in the U.K.

One of the most active areas in the
United Kingdom with regard to in-
service inspection and safety assess-
ment is the extended life justification
of the Magnox generation of nuclear
installations. The basis for extended
life of these installations is the long-
term safety review. As part of this
review, an extensive amount of ul-
trasonic inspection has been carried
out mainly on gas ducting but also on
a limited amount of thicker boiler
shells. The philosophy of this inspec-
tion, however, has not been based on
any probabilistic analysis. Instead,
the philosophy has been first to car-
ry out a sample inspection of all the
different features, concentrating par-
ticularly on welds. Following this, if
type defects are detected, all such
features are inspected; otherwise it
may be judged that no further in-
spection is required, at least in the
short term. While it has been said
that no probabilistic method has
been applied to this inspection, it
does not take a very skilled eye to
see that there are inherent probabi-
listic assumptions in the procedure.

In the U.K. nuclear submarine
program, a probabilistic-based ap-
proach has been employed to both
optimize and measure the gain in
confidence from in-service inspec-
tion. The model uses an expert sys-
tem together with mathematical mod-
eling to form an initial best estimate
of the start-of-life defect distribution
for welds. The through-life history is
then applied to arrive at an end-of-
life failure probability. A series of
inspection programs can now be ap-
plied through life and their effect on
the failed probability measured.
Clearly, the results and conclusions
about the optimum inspection de-
pend on the initial assumptions and
judgments in the original program.
In order to overcome this, once an
inspection program is set out and re-
sults become available, a Bayesian
logic is applied to gain confidence in
the initial defect distribution and
through-life prediction.

Outside of the nuclear field, there
appears to be little if any significant
movement toward a risk-based in-
spection logic. The exception to this
is the inspection of the North Sea oil
rigs. Here, a method very similar in
principle to that discussed for the nu-
clear submarine program has been
used. Crack initiation followed by
crack growth is the assumed failure
mechanism, meaning that no initial
defect distribution for the joints is
required. Having built the probabi-
listic model, a series of inspection
programs can be simulated to arrive
at an optimum program. As with the
previous case, the optimum program
is a function of the basic assumptions

and so, again, Bayesian logic is used
in a feedback loop to gain confidence
in these assumptions.

In both the above applications of
probabilistic-based inspection, the
driving force for optimization is the
need to minimize risk to human op-
erators, be it from the obvious dan-
gers of the North Sea or the less tan-
gible dangers of irradiation.
However, since the objective is to
obtain the best return for a given
effort, it would seem perfectly logical
to extend optimization consider-
ations to include financial factors.

NDE Reliability

The detection of defects by nonde-
structive examination (NDE) is often
a difficult task, particularly if safety
requirements dictate a high level for
the probability of detection for crack-
like defects. To quantify the reliabil-
ity of current and improved NDE
methods, the NRC has supported a
long-term research program at Pacif-
ic Northwest Laboratory. Research
results have revealed a number of
serious shortcomings in industry
practices for field inspections. More
importantly, the nuclear power in-
dustry has benefited from resulting
upgrades to the Rules for Inservice
Inspection of Nuclear Power Plant
Components as spelled out in Sec-
tion XI.

Figure 1 shows how enhanced
NDE reliability can improve the
safety and reliability of reactor pip-
ing systems. Fracture mechanics cal-
culations have predicted rapidly
growing stress corrosion cracks in
the stainless steel pipes of boiling wa-
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Figure 4. To estimate the life expectancy of structures, a cumulative probability distribution function
(CDF) is used. This figure shows the CDFs of structural life for an example marine vessel under two
strategies: inspection every year and inspection every two years.

ter reactors. Timely detection and re-
pair of these cracks can lead to
marked enhancements in system reli-
ability. The performance of field in-
spection teams was first carefully
measured in a controlled testing en-
vironment. Performance data for the
top teams (good NDE reliability)
were statistically quantified and
proven to be clearly superior to the
corresponding performance of the
least qualified teams (poor NDE reli-
ability). As indicated in Figure 1, the
good NDE performance can dramat-
ically improve the piping reliability
by nearly a factor of 10.

Furthermore, the expected gain in
performance from new and improved
technology (advanced NDE reliabil-
ity) can provide yet another factor of
10 improvement in piping reliabil-
ity. Since the advanced inspections
can also be performed less frequent-
ly, improved technology is a winning
proposition for cost-benefit reasons,
mainly because costly reactor down-
time is significantly reduced.

Quantitative risk techniques are
also currently being developed in
other countries, such as Sweden and
West Germany, taking into account
NDE requirements for reactor sys-
tem components.

For secondary piping systems,
personnel at Point Beach Nuclear

Plant, near Two Rivers, Wis., have
developed an in-service inspection
program to detect and quantify sig-
nificant service-related degradation
and pre-existing conditions that
could jeopardize the integrity of
those systems in the future. A Bad-
ness Factor Program has been devel-
oped to rank components on their
susceptibility to erosion-corrosion
and stress-induced fatigue. It uses
hydrodynamic variables to assign a
factor to each component and pipe
fitting so that a comparison of the
relative magnitudes of this factor can
be made for a given system or piping
section. Although a qualitative deci-
sion is then made to identify loca-
tions for degradation, the approach
provides useful insights for develop-
ment of a quantitative risk-based ap-
proach to optimizing the inspection
of the thousands of locations within
these systems.

Fossil-fired Components

The potential off-site conse-
quences of component failures in fos-
sil-fired power plants are much less
severe than those for nuclear power
plants or even some petrochemical
plants. Consequently, a higher level
of failures may be acceptable. This,
along with the large population of
fossil plants and the long time period

over which such plants have operat-
ed, has led to a relatively large reli-
ability experience base in fossil plant
components. Consequently, in-ser-
vice inspection of fossil plant compo-
nents (where and when to inspect) is
largely based on past experience, in-
cluding experience with a given
plant, or within a given utility, or
among groups of utilities. Informa-
tion on failures is shared among utili-
ties, through channels such as the
Edison Electric Institute or the Elec-
tric Power Research Institute. News
of dramatic and unusual failures
travels quickly through the utility in-
dustry and often leads to a rapid,
concerted inspection and mitigation
effort to avert similar failures at oth-
er plants. Turbine rotor failures and
recent reheat steam line failures are
examples of this.

Since modern day safety issues in-
volved in fossil plant component fail-
ures have been relatively minor in
terms of public risk, inspections are
more focused towards minimizing
costs. Forced outages of a plant are
much more expensive than planned
outages, which can occur at times of
reduced power demands, such as
during the spring and fall. Conse-
quently, in-service inspections of
fossil plant components are aimed to
a large extent at averting failures
that lead to forced outages.

Component repair or replacement
occurs routinely during a scheduled
outage and is usually less expensive
during a scheduled outage than dur-
ing a forced outage. Some compo-
nents in fossil plants have useful life-
times that are much less than the
useful lifetime of the plant and are
replaced routinely, preferably during
a scheduled outage. Examples of this
are waterwall tubes and superheater/
reheater tubes. Failure of some tubes
during service can be tolerated, with
subsequent repair during the next
scheduled outage. Inspections of
tubes are often performed, with the
frequency and location of inspections
based on past experience. The re-
sults of such inspections assist in
planning repairs during the current
and future outages.

Some components are inspected
during planned outages to detect po-
tential problems that have been iden-
tified in other plants. Examples of
this are thick-walled boiler compo-
nents (headers) and seam-welded re-
heat lines. Such inspections are
aimed at minimizing the likelihood of
a forced outage as well as the poten-
tially disastrous on-site conse-
quences of a failure. The results of
these inspections are intended to
foresee a problem and to allow for
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timely acquisition of replacement
parts.

Still other components are occa-
sionally inspected during planned
outages because of generic potential
problems with that component.
Prime examples are the rotor, disks,
and blades of the steam turbine, and

the rotor and retaining rings of the 6x 10" % ~ ' ‘ -
generator. Inspections of turbine ] 12-month inspection

components, especially the disks and 1
rotors, are performed to identify po- 1 4
tential problems of material degrada- ) ) ]
tion—especially cracking. Early de- ax 104 9-month inspection |

tection of problems allows repair or
replacement in a timely manner,
thereby minimizing the costs of
forced outages, as well as the poten-
tially severe on-site consequences of
a rotor failure. The lead time for ac- 2% 104+
quisition of replacement parts can be
years, so early warning of an im-

pending necessary replacement is J - . g “ 4
needed. Also, the cost of repair may 3-month inspection
be much greater if damage is allowed
to progress. The results of inspec- o - T v T T
tions also provide valuable inputs to 0 ) 10 20 30 40 50
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are becoming more common in con-
junction with life extension efforts
for installed fossil generating capaci-
ty, and increased emphasis is being
placed on periodic inspections as old-
er plants are continued in service.
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Figure 5. Low water level probability as a function of inspection interval for a water-tube boiler.
Aircraft Structures

Tactical fighter aircraft are de-
signed for a finite lifetime using a
baseline, or design, flight spectrum.
This spectrum represents the typical
mission profile for the aircraft. The
actual lifetime of any particular air-
craft, however, will depend not only 40%107* — e
on the number of flight hours, but
also on the severity of the usage. An
aircraft that is flown very hard
(many high g maneuvers) will ex-
pend its design life much faster than
an aircraft that undergoes a very be-
nign flight spectrum. The rate of in-
crease or decrease in life expenditure
is directly proportional to the sever-
ity of usage and is referred to as the
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ure is determined from the two Wei-
bull distributions, as shown in Figure
2. The shaded area indicates a finite
probability of failure whose magni-
tude is a function of the degree of
overlap of the two distributions.

Aircraft are inspected in the field
at a number of critical points in the
structure. The critical points are
presently identified by the aircraft
manufacturer based on the assess-
ment of loads data from finite ele-
ment models, structural details such
as holes and cutouts, and past expe-
rience. Detailed analysis and testing
are performed for each of these loca-
tions to produce a crack growth
curve. The crack growth curve is
used to help build the aircraft failure
distribution for the specific critical
point of interest.

A field inspection of a critical
point will yield either no crack, a
crack of noncritical size, or a crack
of critical size. No-crack data points
enter the analysis as suspended
items, critical size cracks are treated
as failures, and noncritical cracks are
projected to critical size using the
crack growth curve, as shown in Fig-
ure 3.

With the two distributions deter-
mined, the fleet commander can per-
form a number of different analyses
to assist in the management of the
aircraft fleet. Maintenance and in-
spections can be scheduled, the sig-
nificance of inspection data can be
assessed, and the risk of failure for
additional flight hours and modified
usage can be determined.

Marine Structures

Inspection and maintenance meth-
ods have large effects on structural
life expectancy and extension. The
estimation of structural life is not a
simple task. Many factors affect the
life expectancy of a structure. In the
marine structures industry, these
factors include design parameters,
design safety factors, design meth-
ods, structural type, structural de-
tails, materials, construction meth-
ods and quality, loads including
weight, water pressure, waves, en-
gine and propeller vibrations, main-
tenance practices and levels, inspec-
tion methods, and other
environmental factors. The estima-
tion of structural life expectancy can
be based on selected failure modes.

All possible failure modes of a
structure need to be identified. Then
the most critical failure modes
should be selected and structural life
based on these failure modes can be
determined. A methodology of struc-
tural life assessment was suggested
by Ayyub, White and Purcell [1].

The methodology is based on proba-
bilistic analysis using reliability con-
cepts [2], White and Ayyub [3.,4],
and the statistics of extremes. The
methodology results in the probabili-
ty of failure of the structural system
according to the identified failure
modes as function of time, that is,
structural life. The results can be in-
terpreted as the cumulative probabil-
ity distribution function (CDF) of
structural life. Due to the unknown
level of statistical correlation be-
tween failure modes, limits or
bounds on the CDF of the structural
life were established. The limits cor-
respond to the extreme cases of fully
correlated and independent failure
modes. For example, the CDFs of
structural life of an example marine
vessel were determined for two in-
spection strategies: namely, inspec-
tion every year and inspection every
two years with a warranty inspection
at the end of the first year. Example
results are shown in Figure 4.

In the area of civil engineering,
probabilistic fracture mechanics
models were used to determine the
risk of failure of steel highway
bridges and to establish inspection
and maintenance strategies. Other
examples include reliability-based
design and inspection of debris ba-
sins (for mudflows), public transpor-
tation systems, and pipeline
networks.

Industrial Insurance

Probabilistic engineering risk anal-
ysis methods have been employed in
progressive branches of industrial in-
surance to efficiently and economi-
cally assess the risks associated with
loss prevention and property conser-
vation. An example of the application
of these methods is the occurrence
rate of undetected low water level
conditions in water-tube power boil-
ers. Conventional control and safety
systems have been compared with
programmable electronic systems.
The reduction in the expected num-
ber of undetected low water level
conditions with increasing frequency
of inspection and preventive mainte-
nance was quantified, as shown in
Figures 5 and 6. The applied method-
ology included failure modes and ef-
fect analysis, fault tree analysis and
uncertainty analysis. Sources for
component failure rates included
Factory Mutual Research Corp.
data, other published record data,
and expert opinion. The results of
the study indicated. among other
things, that inspection frequency of
the control system considerably af-
fects the expected number of failures
(ENF) within specified time frames.

Quarterly versus annual mainte-
nance provides more than a factor of
six improvement for a low water fuel
cutoff (LWFC) system that includes
a sight-glass water level monitoring
system. Further improvements in
ENF are obtained by installing a
second LWFC system or by substi-
tuting a conventional LWFC system
(with a rate of 769 failures per million
hours) with electronic systems dem-
onstrating proven lower failure rates.
.

The technology that was used to
develop the NRC operational safety
inspection program can be extended
to establish the scope of inspections
for finding flaws and evaluating deg-
radation mechanisms in stressed
components based on the estimated
likelihood and consequences of fail-
ure. The Point Beach Badness Fac-
tor Program can also lend some in-
sight into defining the scope of
inspections for systems with multiple
degradation mechanisms. The risk-
based inspection work in the U.K.
and the fossil-fired power plant com-
ponent, aircraft structure, civil engi-
neering structure, and industrial in-
surance applications can be drawn
upon to assist in determining the fre-
quency of and defining the methods
for inspection. Finally. the NDE reli-
ability studies provide a quantitative
methodology for evaluating the ef-
fectiveness of inspection personnel,
procedures and equipment on com-
ponent failure rates. The primary re-
search effort is to integrate all of this
technology into a useful methodolo-
gy for developing inspection guid-
ance based on risk for any plant or
structural system.

The benefits associated with the
use of risk-based technology are not
the little numbers that are generated.
Rather, the benefits are the insights
that are gained in working through
these processes and the improvement
in communications between the dis-
ciplines that are involved to main-
tain a high level of safety within the
affected industries and for society in
general. n
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