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RISK BASEDASME CODEREQUIREMENTS

by

B. F. Gore, T. V. Vo and K. R. Balkey

ASME Research Task Force on Risk-Based Inspection Guidelines
ASME Center for Research and Technology Development

Washington, DC

Abstract

The objective of this ASME Research Task Force is to develop and to apply a
methodology for incorporating quantitative risk analysis techniques into the
definition of in-service inspection (ISI) programs for a wide range of
industrial applications. An additional objective, directed towards the field
of nuclear power generation, is ultimately to develop a recommendation for
comprehensive revisions to the ISI requirements of Section XI of the ASME
Boiler and Pressure Vessel Code. This will require development of a firm
technical basis for such requirements, which does not presently exist.
Several years of additional research will be required before this can be
accomplished.

A general methoaoiogy suitable for application to any industry has been
defined and published, lt has recently been refined and further developed
during application to the field of nuclear power generation. In the nu_lear
application probabilistic risk assessment (PRA) techniques and information
have been incorporated. With additional analysis, PRA information is used to
determine the consequence of a component rupture (increased reactor core
damage probability). This allows direct quantification of the risk associated
with a rupture, as the product of expected rupture frequency times
consequence, and ultimately allows risk prioritization of all pressure
boundary components in a nuclear power plant. A procedure has also beewl
recommended for using the resulting quantified risk estimates to determine
target component rupture probability values to be maintained by inspection
activities. Structural risk and reliability analysis (SRRA) calculations are
then used to determine characteristics which an inspection strategy must
posess in order to maintain component rupture probabilities below target
values. The methodology, results of example applications, and plans for
future work are discussed.
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Introduction

The multi-disciplined ASME Research Task Force on Risk-Based Inspection
Guidelines (Table 1) was formed in 1988 to address the general problem of
defining a methodology for formally incorporating quantitative risk analysis
techniques into the prioritization of pressure boundary and structural
components for inspection. The reason for this task force effort is, that
where in-service inspection (ISI) programs exist, they are based primarily on
prior experiencp and engineering judgement, with at best an implicit
consideration of risk (probability times consequences).

After review of the risk analysis field as applied to a wide variety of
industries, the task force concluded that appropriate analysis methods exist
for analyzing and quantifying risks associated with pressure boundary and
structural failures. Subsequently, it recommended a general methodology for
establishing a risk-based inspection program for any facility or structural
system (ASME 1991).

During the past few years this general methodology has been further focused,
and applied to address the inspection of nuclear power plant components. In
particular, the use of i,,Formationfrom probabilistic risk assessments (PRAs),
which have now been produced for many nuclear power plants, has been
incorporated into the methodology to improve the quantification of risks
associated with component pressure boundary and sLructural failures
(ruptures). In this process the task force has been significantly aided by
research conducted at Pacific Northwest Laboratory (Vo et al., !989; Vo et
al., 1990; Vo et alo, 1991) which was funded by the U.S. Nuclear Regulatory
Commission (NRC). This work developed and pilot tested key methodology steps
which were subsequently incorporated into the recommendations of the task
force. The NRC also provided direct financial support to the task force, and
was its first direct sponsor (Table I).

The incorporation of PRA information into the general methodology has allowed
the quantification of risks associated with the potential rupture of each of
the pressure boundary components in the plant primary cooling system, as well
as in important support systems and emergency safety systems. This allows the
prioritization of these components for inspection activities on the basis of
the risk associated with component rupture. A procedure has also been
recommended for determining target component rupture probability values (to be
maintained by inspection activities) from these quantitative risk estimates.
Finally, the method for determining the characteristics which an inspection
strategy must possess in order to maintain target rupture probabilities has
been defined.

This paper describes the major features of this methodology, and recent
progress in efforts to develop it further and to apply it. The task force
report "Risk-Based Inspection - Development of Guidelines, Volume 2 - Part 1,
Light Water Reactor Nuclear Power Plant Components" is presently in the
publication process at ASME. That document is the second volume in a planned
series of task force reports focusing on specific technologies including
nuclear power, fossil power and petroleum refining and storage, lt will



wr I_, R_k-Bnse_ tnsoe.--'TJon_u=oei_s "TasK r-orce
Me_r_

_esee,%c*""_as_"=D-re S_ms__rs (Inoroer_,sDonsorsn:_)

KenneIr,,=R. 5aiKey, F.__, Pnn-mDa!_ngTnee7, We_m_nouse U.S. Nu=,ear Regulmom, Comm,ss_on
Era=m= Co,'_=,"m_on,_ma,"mF"

ASME C_unc,_on C=oes an3 Stanoaras
Di.BizalAwu3, F'rmesso:,Un_vers_,_fMarvmn_

" N_ona' 5oarc _ Bo,e, am= _ressure Vessel lmsDe_=rs
O. J. Vr: Dna_mar,, Cna_ered Eng=nee;, RoI=sFiovce&

Assomla_es' "..._. PVRC Wetorn; Researzn, Council

Dr. _rvan F. Gore, S-'----------_,,S=,e,"m_, Ba_,ehe Pa,--ft:,,= Nc.,"_we_ Amen=an Nuc,ear Insurers
L.P_.DDr'_:Dr_s tn=:j__:n.,a ' _,sK t_sure,_

Dr,. Davl_ C_._,ams, Manapln_ En oTneer, Failure Ana_v'ms "l'ne _a,--.,=r=.Steam Bo,e" Instep:on ant tnsuran=e

Ass,c_ates, tn.:. C.=m_any

Dr. D_mrm_s V,_.m'_as,P. E., Manape" - En_meerlm_ R_sK Amenr..an _'e_.,o_eumms'_._e

'J.S. De3a,.,-m,e_ 3_ -ne-gy
jerry ,_,.P_ili:-_. Sen_ur Eng_neenn_ Smec.=a_--.,luanD Na'_Jonal

Enp_neenn?- La_ora_r}' Nn.curia! Rural--_ez:_.._cSocietal,re Ass=_a':.:_r,

Dr. Fre=n= A. S_m_ner,,"Te.,--r_:za'Lea_er, Ba'z.e,ePa._;;c Di', insurance_m_e':_

. - ,_ .... ,._ TP.JDr. _e_ Sm,,'_,,Jr., F. _, L.ear E.":='qeer _...... '
Resea,_"=r,,M_,D_nneh A:r.,-rz=.,_=m_any

Truono V.Vr.;.StBf.Sc_em_s:.Ba_e,e PacificNor'tnwesx
L_Doratones

Dr. Lee Abraham, U.S.N:.'ciBarF_egulatorvCC,"TIm!SSlDFI

(CorlTrl_U:tor)

Dr.RobertK. Per_ue, Wes_m_nouse Sciencean_ .........
7ecnnology Cemer (C_mr:o_or)

Ra.vrnon= J. A_,. Ass_smn: Dme=or, ASME C,emer for
Research & 7ecnno_ogy Deve_=,_mem

j_nn D. Boar_man, So_rmem California Eatson

R_er':, J. E_=snaK,ASME Coun=it cn Cooes & Stanoar_ _-,
ASME Cooe an= S_noar_s Research P_ann_n_C_mrnn-
tee. ASME Boarc on Reseats---m,an_ 7eu-nnology DevetoD-
me_,.. De_u'_ Dmemor, U.S. Numear Fmgu_mory
_omm_ss_on

Dr. S_enceF J. mush, C_nsu_am, _as= Cna,rman - ASME
5em_on XI

jonr,BiacKoum, Amen=an P_,z_'.,o_euml,"_r_'d[e

Ray Dawes, D_, Norse Ve_ tn=ustnal Serv:ces,lhc..

"ihep=oreA. Meyer,Manager, Wes_n=nouse E_e.--'r,._=
Cor_ra_on

Evanpet_s MI_"_,at==oul_-, ,_. =. Sen_: Engineer, Tne
_a,,-_,n3 Steam Bo,er lnsDe.'c"aon at:,= Insurance

Sora=any

_r. JDse#n M',._r'a, Sem=r Me_Jlu,"_.:::_!=n_meer,
L:.S.Numear Re#u_ry. C_,,mmnLms_on

M:=,_ae!_ G. S_:-'='. =. =, Resea,.'=n,C=nsu:-,z.:-,,..:nzusrna!
RmK msurers

.E_me_ W. Tn_zK'mo,."rn.r_, Vr'__:ma_'Dwe-

Wih_,,, G. WeR,,_b_."3,-",P.--_...,Manaper- =_ng,,m_=e.,_m,,-_.T,_'_e="_,
Amer_ Nu:mearInsurers



present the methodology in more detail, and it will elaborate on various
aspects of the required analyses and example applications.

In subsequent years, when the methodology has been fully developed and applied
to produce recommendations for a complete nuclear power plant ISI program,
they will be published in a "Volume 2 - Part 2" document. The ultimate
objective of this effort is to produce a recommendation for comprehensive
revisions to the in-service inspection requirements of Section XI of the ASME
Boiler and Pressure Vessel Code. lt is expected that such recommendations
will be presented in that document.

in a parallel effort the task force has also begun to study the application of
the general methodology to fossil fueled power plants, lt is expected that

this study will culminate in publication of a third volume in the "Risk-Based
Inspection - Development of Guidelines" series. This application is discussed
in the last section of this paper preceding the Summary and Conclusions.

Risk-Based Prioritization of Nuclear Plant Components for Inspection

The first major step in the methodology is the selection and risk-based
prioritization of components for inspection. This is performed by combining
information from PRAs with probabilities of pressu1'e boundary and structural
failures, using a modified Failure Modes, Effects and Criticality Analysis
(FMECA) procedure, lt is a fairly extensive operation, requiring both the
estimation of failure probabilities and additional analysis of system fault
trees and cut sets from PRAs. The risk measure used for prioritization is the
same as that calculated in Level I PRAy, namely core damage frequency (CDF).
This procedure is detailed in (Vo et al., 1989).

The reason why extensive reanalysis of PRA results is required in order to
perform this risk prioritization is that published PRAs do not include
sufficient details in the accident sequence and cut set information presented
to allow direct calculations using standard risk importance analysis methods.
PRAs focus on the dominant contributions to plant risk, namely the cut sets
making the highest contribution to CDF. Cut sets having a CDF value less than
a cut-off value are basically ignored. Due to the small annual component
rupture probability, cut sets involving ruptures generally have CDF values
below the cut-off, and are excluded. Consequently, it is necessary to use
indirect methods to calculate the risk importance of component ruptures.

The risk per year of core damage resulting from rupture of any component is
the product of the component's annual rupture probability, times the
conditional probability of system failure given rupture, times the conditional
probability of core damage given system failure. For this methodology it is
recommended that the annual rupture probability be aetermined from an expert
elicitation process similar to that developed for NUREG-II5D (USNRC 1990).
This is because structural failures and ruptures are rare events, and
historical data provide only a limited basis for estimating annual rupture
probabilities. While structural risk and reliability analysis (SRRA)
calculations could be used, they are too time consuming and expensive to
perform individually for all components. The expert elicitation
process requires care in enlisting a suitable panel of experts, in training of
experts, in preparing the panel to provide responses to a collection of well-
posed questions, and in allowing time for experts to document the rationale



for their estimates. The experts need to apply a broad base of experience
with structural integrity issues at operating plants, and an understanding of
the response of structural materials to service environments.

At the present time this methodology is being applied at the Surry-1 plant.
Two separate elicitation panel workshops have been held, due to the large
amount of work required for the panelists to address all components in each
system. This elicitation process required the development, communication and
discussion of a considerable amount of plant-specific information on numbers
of welds in piping runs, location of fixed ends, tees, reducers, hangars, and
thermal and vibrational information. This information was developed from
plant documentation, and subsequently verified by performing system walkdowns
at the plant with the assistance of plant personnel. During these w_Ikdowns
information was also gathered on the possibility of additional consequenses of
rupture (beyond the system failure information obtainable from the PRA) due to
jet impingement effects on other components, and potential flooding resulting
from ruptures.

The first workshop elicited estimates of annual rupture probabilities for
components in: the reactor pressure vessel (RPV), the reactor coolant system
(RCS), the low pressure injection system (LPI), and the auxiliary feedwater
system (AFW). Results are presented in (Vo et al., 1991). The second
workshop, which was held in early 1992, addressed components in: the high
pressure injection system (HPl), the residual heat removal system (RHR), the
service water system (SW), the component cooling water system (CCW), and the
power conversion system (PCS). Analysis of the results of that workshop has
not yet been completed.

The cDnditional probability of system failure, given component rupture, is the
next factor which must be determined for use in calculating the CDF risk
associated with component rupture. This conditional probability of system
failure is obtained by reanalyzing the system fault tree under the assumption
of the rupture. This can be done even though the fault tree does not include
gates addressing component ruptures, by mimicking the effect through failure
of an adjacent active component. Thus, the rupture of the piping at the
discharge of a pump can be mimicked by failing the pump, since both failures
yield loss of flow. (Care must be used, however_ since backflow from a
parallel pump out of a ruptured header could yield loss of flow from both
pumps unless prevented by a check valve, which is not the same as the effect
of single pump failure.)

The conditional probability of core damage, given failure of the system, is
the final factor needed to calculate the CDF risk due to component rupture.
This factor is approximated by the Birnbaum risk importance measure (IB) for
the system, lt is calculated from the dominant cut sets of the PRA by
assuming a failure probability of unity for the failure probability of each
component of the system in question which appears in each cut set, and summing
over the cut sets involved.

The risk associated with rupture of each component is then calculated in the
modified FMEA analysis as the product of the annual probability of rupture,
times the consequences as determined by the product of the other factors
described above. The resulting product is the additional CDF risk resulting
from the possibility of rupture of the component in question. This allows not
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only the opportunity to rank individual components, but also to quantitatively
relate the risks associated with each. This may then be used to apportion
inspection efforts for each component according to its contribution to risk.

A pilot test of this methodology was performed to risk-prioritize the major
piping segments in the emergency feedwater (EFW) system at Oconee Unit-3 (Vg
et al., 1989). This test used fault trees and cut set information from the
Oconee-3 PRA, approximate data on weld numbers and locations, and rupture

probabilitities derived from historical data. The primary importance of this
test was that, although it only addressed the EFW sysstem, it demonstrated the
ability to calculate a quantitative value of risk due to potential rupture
associated with every plant component which was addressed in the PRA. This
allows the direct comparison of individual components in various systems, and
answers the question, "How do you compaYe low importance components in high
importance systems with high importance components in low importance systems?"

In addition, the pilot test demonstrated that the methodology was workable,
required reasonable resource committments, and that the results were
reasonable and in agreement with common-sense qualitative assessments. An
unexpected result of the analysis was the identification of a single run of
suction piping whose failure could fail the entire system. As a consequence,
the risk priority of that piping run was determined to be in the middle of the
prioritized list, instead of at the bottom as might otherwise be expected for
a low-temperature, low-pressure run of suction piping (it would have been at
the top of the list except for its extremely low rupture probability.

Following the pilot test, analysis efforts were directed towards determining
to what extent results were generalizable, or generic, across plants. This is
important to development of the methodology because the ultimate objective of
this effort to develop risk based inspection guidelines for nuclear power
plants is to produce a recommendation for comprehensive revisions to the in-
service inspection requirements of Section XI of the ASME Boiler and Pressure
Vessel Code (ASME 1989). This will require development of a firm technical
basis for such recommendations, which does not presently exist. Achievement
of that objective is expected to require several years of additional work
applying and refining this methodology.

A system-level weld inspection importance (IW) was defined as the product of
the average weld rupture probability for each system times IB, which is
essentially the CDF probability given system failure. The analyses utilized
the PRAs for the five plants addressed in (NRC NUREG-1150), which were
performed on a common basis using similar methods, plus PRAs for three other
plants. In all, six PWRs and two BWRs were analyzed (VO et Al., 1990).
Although analyses of additional plant PRAs is needed to form definitive
conclusions, the results indicate that it may be reasonable to group systems
into categories of high, medium and low risk importance. These results also
provide values of IB for systems at these plants for use in ongoing efforts to
calculate and rank individual component risk importances at these plants, to
determine the extent to which generic risk trends may exist on a component
basis.

Component-level risk prioritization is presently being carried out for
components at the Surry-1 plant. Risks associated with the rupture of
individual components have been calculated for components in the four systems



addressed in the first rupture probability elicitation workshop: the RPV, the
RCS, the LPI, and the AFW systems.

Figure I identifies the most risk important components in these systems, and
presents not only the risk values, but the rupture probability estimates and
the conditional CDF values which comprise the risk products. The welds
located within the beltline region of the reactor vessel are seen to dominate
the risk, and account for almost 75% of the total CDF risk duc to component
ruptures. The beltline welds are followed in importance by the beltline plate
material, which accounts for another 5%. The welds in the reactor vessel
upper and lower heads account for another 6%, and the single AFW condensate
storage tank and supply line contributes another 3%. Various welds in the LPI
system (not all of which are shown on the figure) contribute another 10%,
which sums to more than 99% of the total CDF risk associated with component
ruptures (for the four systems analyzed to date).

Future work will complete the analysis for the Surry-1 plant by developing the
risk-importances of components addressed in the second expert elicitation
workshop (e.g. HPl, RHR, SW, CCW, and PCS). Subsequently, similar analyses
will be dene for other PWRs, and generic trends in component importances will
be developed.

Target Risk and Rupture Probability Values

This part of the methodology addresses the question, "How much inspection is
enough?" The philosophy upon which it is based is that inspections should
ensure that the risk of core damage resulting from pressure boundary and
structural failures is maintained less than a small fraction of the total core

damage risk estimated in the PRA. This risk due to pressure boundary and
structural failures is referred to as the "target risk," and 5% of the total
PRA-estimated risk resulting from internal events has been recommended as an
appropriate numerical value for it.

This total target risk is then apportioned among the components and used to
determine a target rupture probability for each component, which is then to be
maintained by appropriate ISI activities, lt is presently recommended that
this target risk be apportioned among the risk-important components in
proportion to the risk which has been estimated to be associated with rupture
of each component. Then, by dividing this target risk for each component by
the conditional probability of core damage given component rupture, an annual
target rupture probability can be calculated for each component. The object
of inspections, then, is to ensure that, for each component, the probability
of component rupture does not exceed the target rupture probability.

A rough value for CDF risk estimated in state-of-the-art PRAs for modern
facilities is about 5.0 E-5 CDF. According to this methodology, then, an
appropriate total target risk value to be maintained by ISI inspections would
be 2.5 E-6 CDF, or 5% of the total PRA risk.

The risk estimates developed for the Surry-1 components in the four systems
analyzed to date show that the sum of these risks is slightly greater than 2.0
E-6 CDF. Thus, the total estimated risk due to ruptures is very close to the
total target risk, and it may exceed the target wnen the remaining systems are
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analyzed. If so, it may be necessary to revise the recommendation for setting
the target. This is an ongoing area of research at the present time.

For the Surry-1 example, however, the recommendation that the target risk be
apportioned in proportion to estimated risk simply means that target risk
values for individual components must be essentially the same as the estimated

risk values for each component. This, in turn, means that the target rupture
probability for each component must be the same as the rupture probability
estimated for that component by the expert panel (since the consequences,
given that a rupture occurs, are fixed by the PRA analysis). Values of these
estimated rupture probabilities, which now become the target values below
which inspection must hold actual rupture probabilities, may be read from the
graph in Figure 1 for the most risk important components.

Examination of these target/estimated component rupture probabilities
indicates that some of these targets may be more difficult to achieve than

others. Future studies will also consider whether it may be appropriate to
apportion the total target risk among components so as to even out the
difficulties of achieving target rupture probabilities. However, until future
studies addressing the practicalities of performing actual inspections are
performed, the recommendation that target risk be apportioned in proportion to
estimated risk seems most appropriate.

Inspection Program Development

As noted above, the object of inspections is to ensure that, for each
component, the probability of component rupture does not exceed the target
rupture probability. If it can be shown that, during the entire lifetime of a
component, the component's expected failure probability does not exceed its
target failure probability (with an acceptable degree of confidence), no
inspection at all may be an acceptable strategy. Such a demonstration could
be provided by a structural reliability and risk assessment (SRRA) model
analysis, which would take into account specific initial conditions of
component damage and thermal and mechanical conditions which the component
would be expected to encounter during its lifetime. These SRRA analyses
calculate the failure probability as a function of time, starting with initial
information on flaw distributions and material property variations, and using
stress information to evaluate the rate of crack growth.

Inspections would be required, however, if SRRA analysis indicated that the
failure probability exceeded the target value before end of component
lifetime. In that case, various potential inspection strategies could be
postulated and evaluated using SRRA calculations. The results of specific
inspections at specified time intervals would be modeled by using probability
of detection (POD) information to revise crack size distributions assuming
that detected cracks were repaired. The result of these calculations would
again be failure probability as a function of time, but in this case
inspection and repair would reduce the estimated failure probability at each
repetion of the inspection cycle.

By performing analyses in which different inspection frequencies and crack
detection capabilities are assumed, several potentially satisfactory
inspection strategies could be developed. Alternatively, it might be
determined that advanced inspection techniques would have to be developed to
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achieve target failure probabilities for certain components. Once successful
strategies are established, decision analysis techniques could be used to
select an optimum strategy.

Task force studies are only now addressing the development of specific
inspection strategies to maintain component rupture probabilities below target
values. A primary reason for this is that efforts to date have focused on
developing the overall methodology and applying the risk prioritization
portion of it to the Surry-1 example, lt is clear that a considerable amount
of work remains before recommendations can be made for a complete powerplant
inspection plan.

Nevertheless, a variety of documented studies have demonstrated the ability of
SRRA analyses to predict the effects of inservice inspections on component
rupture probabilities. Such probabilistic calculations model uncertainties in
stresses, fabrication quality, material properties and service environments.
For example, Figure 2 shows, for two initial crack depth distributions, how
the probability of as double ended pipe break increases with time under the
following inspection strategies: pre-service inspection only, one additional
inspection at 20 years, and three additional inspections, at 10, 20 and 30
years (Harris 1986).

In addressing nuclear components it is planned to model specific failure
mechanisms such as stress corrosion cracking, thermal fatigue and erosion
corrosion. In order to avoid having to perform specific calculations for each
component addressed, a range of generic component types will be modeled with
their associated failure mechanisms. For these componenets a range of ISI
parameters (i.e. inspection frequency, detection probability, flaw sizing
accuracy, and flaw acceptance criteria) will be modeled parametrically to
identify the rupture probability achievable by various inspection strategies.
lt is anticipated that once a target rupture probability is identified for a
given component, along with the expected stressors and failure mechanisms of
importance, that these parametric results will allow selection af the
appropriate inspection strategy without further calculations.

Once candidate inspection strategies _ave been determined which yield
component rupture probabilities less than identified target values, decision
analysis techniques can be used to select among them. Two obvious decisions
are to eliminate from further consideration strategies which pose a
significant hazard to inspectors or which are likely to damage (e.g. due to
disassembly) the inspected component. Additional discussion of decision
analysis techniques and strategies is presented in the documents prepared by
t.he task force (ASME 1991, and the forthcoming Volume 2).

Application of Methodology to Fossil Fueled Power Plants

_luring the past year, this ASME Research Task Force has also been studying the
application of the general methodology to fossil fueled power plants. In so
doing, the advances and refinements developed in nucl ear power pl ant studi es
have been evaluated, and incorporated where appropriate. The task force is
presently developing a "Volume 3" document which will describe specifics of
this application of the methodology to fossil fueled power plants. Document
finalization and publication are expected during 1993.
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For the fossil application, the situation is simultaneously simpler, and more
complicated, lt is simpler because fossil plants lack the "defense in depth"
design concept which builds in the multiple layers of safety functions and
redundant systems and components found irl nuclear plants, lt is the defense
in depth design which results in the need for complicated, extensive PRA
analyses of nuclear plants to quantify the risks associated with potential
simultaneous failures of independent, operating and standby safety equipment
which must take place before core damage results. In fossil plants,
generally, fewer independent failures are necessary before plant damage
results. However, the situation is simultaneously more complicated because
the industry has not developed the risk analysis documentation which the
nuclear power industry has. Consequently, although the necessary analyses are
generally simpler and more straightforward for the fossil industry, they
generally remain to be performed, whereas PRAs are now required for nuclear
power pl ants.

The analytical tools for quantitative risk analysis of fossil fueled power
plants are the tools of PRA. Event trees permit determination of accident
sequences through which an initiating event can lead to plant damage of
greater or lesser severity. As an alternative, reliability block diagrams may
also be used. And fault trees provide a method for quantification of system
success or failure probabilities for use in quantifying the event trees.
Finally, this information is combined to identify the dominant cut sets
resulting from the initiating events. In general, the process is considerably
simpler for fossil plants than for nuclear plants.

There is considerably more historical data on pressure boundary failures at
fossil power plants than at nuclear plants. Because the public safety
consequences of failures at fossil plants are smaller than at nuclear plants,
fossil plant design, maintenance and operating practices have resulted in more
failures than at nuclear plants. While this results in considerably more
data, it may not be readily available, analyzed, or even documented at any
given plant. Plant specific data collection is recommended to supplement
generic data in quantification of the risk analysis.

With these differences, then, it appears that the application of the detailed
risk-based prioritization approach developed for nuclear power plants can be
adapted to fossil power plant analyses. Pilot studies indicate that the
methodology is workable, requires acceptable resource committments, and yields
results which are reasonable and in agreemant with common-sense qualitative
assessments. In addition, safety and economic factors can be integrated using
decision-risk analysis and SRRA techniques to choose optimal inspection
strategies for components.

Summary and Conclusions

The general methodology, previously developed by the ASME Research Task Force
on Risk-Based Inspection Guidelines for application to any facility or
structural system, has been further developed and applied to the inspection of
nuclear power plant components. The ultimate objective of this effort is to
produce a recommendation for comprehensive revisions to the in-service
inspection requirements of Section XI of the ASME Boiler and Pressure Vessel
Code. Development of a firm technical basis for such recommendations has been
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initiated, work is presently ongoing, and several years of work are expected
to be required to develop this basis.

The methodology developed for nuclear power plant applications utilizes
conditional risk infcrmation derived from PRAs in the quantification of risks
associated with component pressure boundary and structural failures
(ruptures). This methodology has been pilot tested, and is being applied to
risk-prioritize components in specific power plants. Work is under way to
determine whether generic trends exist in the results for different plants. A
procedure has been recommended for determining target component rupture
probability values, to be maintained by inspection activities, from these
quantitative risk estimates. That procedure has been described and an
application given herein.

Studies of the application of this methodology to fossil fueled power plants
indicate that it is directly applicable, although there are far fewer
documented risk analyses available. Consequently, risk analysis work may have
to start from first principles in many cases. This is offset by much simpler
plant designs and analysis requirements, and by greater amounts of failure
data in sbme cases. Results of pilot s_,udiesindicate that the methodology
can be adapted to fossil power plant analyses, yields results which make
sense, and requires reasonable resource committmentso

Finally, a general method for determining the characteristics which an
inspection strategy must possess in _rder to maintain target rupture
probabilities has been described. Ongoing task force studies are addressing
the development of specific inspection strategies to maintain component
rupture probabilities below target values. These studies utilize SRRA
analyses to calculate rupture probability as a function of time under given
initial, service and inspection conditions. They also use decision analysis
techniques to eliminate strategies which pose hazards to inspectors or
inspected components, and to select an optimal strategy from among potentially
successful alternatives.

Clearly, much work remains before a comprehensive risk-based revision to
Section XI can be proposed. Nevertheless_ work is well under way toward this
goal.
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