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Introduction

Evaluations of nuclear power plant safety have assumed that
assive components such as pressure vessels and piping systems
have very low failure probabilities. such that failures of these
omponents make only negligible contributions to plant risk (e.g..
ore damage frequency). In the U.S. and other countries the de-
ign, fabrication, inspection, and maintenance of piping and ves-
els have followed the conservative engineering praciices speci-
ed by the American Socicty of Mechanical Engineers (ASME)
oiler and Pressure Vessel Codes. The relatively small number of
ignificant failures that have occurred during operating experience
s demonstrated the soundness of the ASME code procedures.
awever, iany plants will be approaching their design lives (e.g.
4l yr), with the expectation that continued operation beyond the
riginal design period will need to be justified. Therefore, the
sumption of continued high levels of strucrural reliability re-
uires an extrapolation beyond the current base of operating ex-
erience that must be addressed as past of plant life extension

- Whereas the replacement of active components' (mechanical
nd elcctrical) is 2 romine part of plant maintenance, large-scale
placements of vessel and piping components is not economi-
ully feasible. The challenge is to make realistic life predictions.
to estabiish a'high level of confidence in these prediciions. A
sired objective is to ensure that passive components continue to
make ovoly negligible contributions to plant risk relative to less
asily managed contributions to risk such as failures of active
omponents and operator errors,

atigue damage was originally identified as the life-limiting
egradation mechanism for many pressure vessel and piping com-
shents during the design of nuclear power plants. With an aging
opulation of operating plants, certain structural locations may

tigue usage factors, although there has been no evidence of deg-
dation as the predicied fatigue lives have been approached or
xceeded. On the other hand, various degradation mechanisms,
h as thermal fatigue, environmentally assisted fatigue, stress
corrosion cracking. and flow-accelerated corvosion, were not an-
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eed their original design lives based on calculated values of .

Life Prediction and Monitaring of
Nuclear Power Plant Components
for Service-Related Degradation

This paper describes industry programs to manage siructural degradation and 10 justify
cominued operation of nuclear components when unexpected degradation has been en-
countered due 1o design materials and/or aperational problems. Qther issues have been
related 1o operasion of components beyond their original design life in cases where there
is nu evidence of fatigne crack inivation or other forms of structural degradation. Data
Sfrom plant operating experience have been applied in combination with inservice inspec-
tions and degradation managenmens programs 10 ensure that the degradution niechanismy -
do nar adversely impact plamt safery. Probabilistic fracture mechanics calculations are
presented to demonstrare how component fuilure probabilities can be manuged through
augmented inservice inspection programs. [DOL 10.1115/1.1344237]

ticipated during design, and have resulted in actoal structural fail-
ures and early replacements and repairs 10 components.

This paper describes efforts in the nuclear indusiry o justify
continued operation, with particular attention to camponenis that
have exhibited degradation or which may exceed original limits
based on predicted design lives. Two technicaj bases for contin-
uer operation are presented. The first approach makes use of
knowledge gained from plant operating expericuce 1o identity and
manage degradation mechanisms. These mechanisms may not
have been anticipated during the design of the plant. but given
‘their actual occurrence have the potential ‘to cause fuilures by
small leaks, large leaks, or ruptures. The second approach ad-
dresses failure mechanisis, such as fatigue due (0 anticipated
plant operating transients. which design calculations show the po-
tential for occumrence, but for which plant operating experience
has not yet shown any evidence of actual occurrence. Probabilistic
fracture mcchanics calculations demonstirae that an augmented
level of inservice inspeciion can ensure acceplable failure prob-
abilities for fatigue critical components.

Management Programs for Service-Related Degrada-
tion

Studies by Bush [1,2], Jamali {3]. Thomas (4], and Wright et al.
[5] have shown that piping failures arc generally due to opera-
tional conditions, materials selection, and design features that
were not adequately addressed or perhaps not addressed at all in
the design of plant systems. On the other hand, those mechanisms
such as mechanical faligue due 1o anticipated operational tran-
sients, which have been considered as part of the plant design.
have been addréssed in a very effective manner and are seldom @f
ever) the cause of service related failures.

Given the large number of potential service-related degradation
mechanisms, the nuclear industry has adopted monitoring and
managing practices, rather than life prediction and retirement
practices, to ensure safe and reliable systems. The strategy in-
volves the following steps:

+ a reporting system to ensure that the industry can respond to
adverse operating experience (detecting of cracking or leakage)
before unanticipated degradation mechanisms impact a large pum-
ber of plants and/or result in aafuy significant structural failures:

« augmented inservice inspections that are targeted 10 specific
systems, materials, and/or operating conditions to ensure detection
of early stages (small cracks or minimal wall thinning) of degra-

-dation mechanisms:
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« changes to plant operating conditions (e.g.. inproved water
chemistries) to decrease degradation rates to negligible levels;

« replacement of inadequate piping and vessel components
with improved materials and/or design practices.

Some industry programs have been cffective in responding to
both anticipated and unanticipated degradation mechanisms. On-
soing efforts by the nuclear power indusiry to address service-
related problems are described in the forthcoming.

ASME Section XI Inservice Inspection

Formal integrity management programs were first established
for nuclear power plants in the carly 1970s. Uatil that time, lim-
ited attention was given to the needs of inservice inspections (IS1)
in early nuclear powcr plant designs. It was generally believed
that system radioactivity would render periodic inspections im-
practical. Since fhe nuclear plant systems were being designed and
constructed to higher guality standards than those applied to fossil
plants, IST was assumed to be unnecessary. However, by the late
1960s. the number of service induced defects requiring the repair
of nuclear system components increased. This prompted a coop-
erative effort between the US. Atomic Energy Commission
(AEC) and industry to develop inspection program standards un-
der the oversight of the American National Standards Institute
(ANSI) and the American Socicry of Mechanical Engineers
(ASME). By 1970, the ASME Boiler and Pressure Vessel Code,
Section X1 “*Inscrvice Inspection of Nuclear Reactor Coolant Sys-
tems’’ was published.

Qver 50 percent of the inspection categories pertained to welds.
The inspection Jocations were primarily selected based on factors
such as: component design stresses, estimated futigue usage, dis-
similar metal welds. and irradiation effects.

Originally, service-induced flaws were assurmed to occur from
random causes, at random locations, and at random times. There-
fore, the Section X1 inspection program relied upon a representa-
tive sampling of weld locations and randomized the timing of
inspections as much as possible. The examination procedures and
faw acceptance standards assumed that the principle cause of fail-
ure would be due to fatigue stress cycles created by anticipated
design cyclic loads (i.e., thermal fatigue). For Class 3 systems
(i.e., service waler systems) Section X1 program requirements are
limited to periodic leak and hydrostatic pressure testing—no volu-
metric or surface examinations are required.

- Service Experience Insights

Service experience [6,7] has shown no correfation between ac-
tual failure probability and design stresses in the Design Report.
Failures (cracks, leaks, and breaks) typically result from degrada-
tion mechanisms and loading conditions (i.e.. 1IGSCC. flow accel-
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Fig. 1 Piping failure events in U.S. nuclear plants (1961-1996)
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Fig. 2 Service failures Iin small-bore piping (<2 in. NPS)

erated corrosion, thermal stratification, etc.) not anticipated in the

original design. Depending on the degradation mechanism

present, failures are not necessarily limited to weld locations.
The Swedish Nuclear Power Inspectorate {(SKI) compiled a da-
tabase on reported piping failure events (leaks, breaks, and rup-
tures) in U.S. commercial nuclear power plants [8]. This database
includes a total of 1511 piping and piping component failures on
various safety and balance-of-plant (BOP) systems that have been
reported to U.S. regulatory bodies from December 1961 through
October 1995, encompassing 2068 reacior operating years. Figure

1 shows the distribution of all piping failures according to ™ .

following causes:

corrosion futigue—CF

thermal fatigue—TF

stress corrosion cracking—SCC

corrosion attack—COR

erosion and cavitation—E-C

flow-accelerated corrosion (i.c.. erosion corrosion)-—E/C
high-cycle vibration fatigue-—VF

water hammer—WH

.
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Fig. 3 Service failures in Jarge-bore piping (>2 In. NPS)

FEBRUARY 2001, Vol. 123 / 59




55 T ]
BCEPWRS ]

e JBWPWRS ‘_ e
1DALL venDoas |

AUXC €8 FP8  FWC RAS RCS SR ST
System Group

Flg. 4 Service failures by system groups

* design and construction errors—D&C
* other—-OTH

The dats of Fig. 1 shows that only 3 percent of all the reported
service-induced piping failures were cansed by thermal fatigue.
This suggests that in their present form the ASME Section X1 1S]
program reguirements are relatively ineffectual with regard to re-
duciag overail piping failure probabilities. Approximately 72 per-
~cent of all reported failures were due to degradation mechunisms
. not addressed by ASME Section XI. For approximately 25 percent
of all the reported ‘evems, piping fuilure resulted from failure
mechanisms that were sot agsociated with a particular damage
mechanism. These include pipe failures caused by transient load-
ing conditions and other factors such as construction errors, water

Table 1 Service failure data system grouping

GROUP SYSTEM GROUP REPRESENTATIVE
DESIGNATOR DESCRIPTION SYSTEM NAMES
RCS Reactor Cootant System Pressurizer, Reactor
Coolant Systemn
SIR Safety Injection ang High and Low Pressure

Recircutation System Safety Injection, Residuat
Heat Rernoval, Shut Down
Coaling, Accumulator or
other passive injection
systems

Containment Spray Systern  Conlainment Spray System

Reactor Auxiliary Systems Component Cooling Water,
Chemical Volume and
Control, Spent Fuel Poot
Cooling, Radwaste (no sait
or dirty water systems)

Auxiliary Cooling Systems. Service Walter, Salt Waler
Cooling, Main Circutating
Water, and other dirty water
systems

Feedwater and Condensate  Main Feedwater System,

Systems Auxiliary Feedwater
System, Condensate
System

Main and Auxiliary Steam
Systems
Fire Protection Systems

Main and Auxiliary Steam
Systems
Fire Protection System
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hammer, overpressure. and frozen pipes. In these cases traditiona)
ngpection programs may be meffective in preventing or reducing
the piping failure probability.

Figures 2 and 3 compare service failures in small bore (<22 in.
NPS) and larger bore (>2 in. NPS) piping. Approximately three-
quarters of the reported service failures in small-bore piping were
caused by either high-cycle  vibration fatigue (VF). How-
accelerated corrosion (FAQ). or design and construction errors
D&C). Almost half {45 percent) of the small-bore pipe failureg
were due 1o vibration fatigue. The majority of these failures oc-
curred at socker-welded connections in poorly supported or canti-
fevered vent and drain lines <<1 in. NPS. .

Over 30 percent of the veported large bore piping service fail-
ures were caused by stress corrosion cracking (SCC), VF, and
FAC. SCC and FAC accounted for 42 percent, and VF accounted
for 12 percent of the reported fatlures. Sixteen percent of the
small-bore failures were caused by D&C compared to 10 percent
for large-bore piping. This appears to reflect field welding and
fabrication difficulties associated with smaller-diameter piping.

Figure 4 shows the number of service failures reported in sev-
eral plant system groups. Bach system group is described in Table
1. Systern group service experience for Combustion Engineering
PWRs, for Westinghouse PWRs, and for ALL plants is shown,
Over half of the reported service failures in Combustion Engineer-
ing and Westinghouse PWRs occurred in reactor auxiliary sys.
tems (component cooling water, chemical volume and control,
spent fuel pool cooling, radwaste, etc.) and auxiliary cooling sys-
tems (service water, salt water cooling. main circulating water,
etc.).

Augmented Inspection Programs

For some of the more significant causes of piping failures, aug-
mented inspection programs have been implemented. These pro-
grams, many of which have been mandated by the NRC, are de-
signed (o address compouent integrity relative to the impacts
associated with a specific damage mechanism,

Intergranular Siress Corrosion Cracking. Stress-corrosion
cracking (SCC) refers to cracking caused by the simultancous
presence of tensite stress and a corrosive medium, The important
variables affecting SCC are ternperature, water chemistry, metal
compaosition, stress, and metal microstructure, Both intergranular
(cracking proceeds along the material grain boundary) and trans-
granular (crack growth is not affected by the presence of grain
boundaries) cracking have been vhserved. Intergranular stress cor-
rosion cracking (1GSCC) results from a combination of sensitized
materials (caused by a depletion of chromium in regions adjacent
1o, the grain boundarics in weld heat-cffected zones), bigh stress
(residual welding stresses), and a corrosive environment (high
fevel of oxygen or other contaminants).

1GSCC is encountered most frequently in avstenitic stainless
steels that become seunsitized through the welding process and are
subjected to BWR operating environments. The susceptible areas
extend into the base material a few millimeters beyond either side
of the weld—the weld **heat-affected zone.”” Welds in materials
considered 1o be resistant to sensitization from welding are not
susceptible to degradation from IGSCC.

A discussion of the 1GSCC problems in BWR nuclear plants
and the associated an graented program requirements can be found
in Generic Letter 88-0 {97 and in NUREG 0313 [10]. The indus-
try was required to establish programs that included the following:

implement piping replacements or other measures to mitigate
1GSCC, ’

augment the.existing Section X1 ISI program to incorporate
an inspection scope and frequency consistent with the extent
of mitigation actions implemented;

improve leak detection and monitoring programs;
implement programs 1o improve NDE inspector performance
in the detection and characterization of 1GSCC damage.

Transactions of the ASME
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Figure 5 shows that since the implementation of these program
‘requirements, the frequency of IGSCC caused piping failures,
which might otherwise have increased, has instead been signifi-
“canily reduced. )

Flow-Accelerated Corrosion.  Flow-accelerated  corrosion
(FAC) is a complex phenomenon that exhibits attributes of ero-
sion and corrosion in combination. Factors that influence whether
FAC is an issue are velocity, dissolved oxygen. pH. moisture
content of stemm, and material chromium content. ‘Carbon steel
- piping with chromium content greater than 1 percent and austen-
itic steel piping is not susceptible to degradation from FAC.

At the end of 1996, industry initiated efforts to devefop a pro-
‘gram 1o address erosion-corrosion. These inital efforts were di-

1.00 4 -
NRC.Budetin 88-01 and
NUREG -0313 Rev 2
0.80 1
Industry implements reciet piping
augmented inspections and
nspector K5CC performance
0.60 - N

76 78 80 82 84 86 88 90 92 94

Fig. 5 BWR SCC failures per plant year

rected at single-phase systems. Initial inspectipns were completed
on-all single-phase systems by 1989. Erosion-corrosion programs
were in place on both single and two-phase by 1990 [11]. Since
that time, service experience (Fig. 6) suggesis that the number of
failures due to erosion-corrosion has been reduced.

EPRI report NSAC/202L [12] provides general guidelines for
the identification and inspection of components subject 10 FAC
degradation.

Corrosion Attack in Service Water Systems.  Uniform cor-
rosion attack in seryice water piping, microbiologically induced
corrosion (MIC), crevice corrosion. and pilting were typical
causes of failure events of pipe components grouped in this cat-
egory. Of these, MIC is the predominant corrosion mechanism in
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these systems. In MIC, microbes, pnmarily bacteria, cause wide-
spread damage Lo low-alloy and carbon steels. Similar damage has
also been found at welds and heat-affected zones for austenitic
sininless steels. Piping components with fluids containing organic
easterial or with organic matersal deposits are most susceptible 1o
.. The maost vulnersbhle components are raw water sysiems,
.wrage ranks. and transport systems. Systems with low 1o inter-
mittent flow conditions. lemperatures between 20 120°F and pH
“below 10, are primary candidates.

In response to NRC Generic Letter 89-13, industry was in-
structed to implement o comprehensive program to address corro-
sion in service water systems. Prior lo this, the service water in-
egrity programs relied on the Scction X1 periodic leak and
hydrostatic pressure test requirements. Under the Section X1 pro-
gram, the service water system integrity management approach
was ‘'reactive’’ in nature; that is, corrective action was taken
vhen damage was sufficient to result in visible leakage. The Ge-
neric Letter 89-13 augmented programs yequire plants to take a
more ‘‘proactive” approach to the problem. For example, many
rograms implemented improved chemistry control to mitigate the
stablishment of MIC sites, volumetric inspections (UT/RT ex-
minations), and component condition monitoring and trending.
EPRI reports TR-103403 [13]. NP-5580 {14], and NP-6815
5] provide additional information regarding MIC degradation.

High-Cycle Mechanical Vibration Fatigne. More and more
ttention has recently been paid by operating plants to prevent
hexpected piping failures due to high-cycle vibration fatigue.
mall-bore pipe (<t in. NPS) socket-welded vent and drain con-
ctions in the immediate proximity of vibration sources tend to
¢ ‘most susceptible to this failure mechanism {16~ 18]. Unlike the
iously discussed mechanisms, vibration fatigue does not lend
€lf to periodic inservice examinations {i.e.. volumetric, surface.
.) as a means of managing this degradation mechanism. The
ature of this mechanism is such that. generally, almost the entire
atigue life of the component is expended during the initiation
g, Once a crack initintes, failure quickly follows. Therefore,

absence of any detectable crack may not assure reliable com-
onent performance. In addition, lor many of these components,
e plant conditions when vibration levels are unacceptable may
very difficult 10 predict and limited to shoit time periods of
nique planuUsystem configurations. This would explain why we
iinue to observe cases where vibration fatigue failures occur
te in the plant’s operating life [8). Therefore, the fact that a
ration failure has not occurred within the first few years of
nt operation may not preclude future failures.
Figure 7 shows the number of pipe failure events per reacior
lant-year reported to NRC as being caused by high-cycle vibra-
on fatigue. Prior 10 1976 piping vibration fatigue was addressed

la

0.600

- 0.500

6.100

PO RSP AR RPPISE PP PP
Fig. 7 Vibration fatigue failures per plant year
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s o result o a problem resolution. Between 1976 and 1982 the
significant amount of vibration fatigoe related failures (Fig. 7)
fostered increased attention to this problem by code and regula-
tory bodies. The NRC incorporated yequirements to performn vi-
bration 1esting as port of nuclear power plamt initial 1esting pro-
erams [ 16], and by 1982 the ASME published an operating and
maintenance standard [19] which specified requirements for pre-
operational and initial start-up vibration testing in nuclear power
plants.

Risk-Based Inservice Inspection.  Service experience and the
augmented inspection programs have demonstrated a need on See-
tion XI’s part to move in new directions and shift its emphasis
away from simple inservice “‘inspection” rules to establishing
cffective integrity management programs for nuclear plants.
Ideally, these new programs should include the following
characteristics:

1 Future programs need to be based on an understanding of
failure mechunisms and focus attention on the locations in the
plant system most likely to be affected by these mechanisms. This
will allow plunts to identify problems in a proactive manner, so
that corrective actions can be planned and implemented before
failures occur.

2 Monitoring and inspection methods need 1o be designed spe-
cifically for the degradation mechanism of concern, This has been

L referred 1o as ‘inspection-for-cause.”’

3 The integrity management program should be designed 1o
ensure reliable componeut operation. For example, inspection fre-
quencies may need to be adjusted to ensure that the failure prob-
ability of the component is maintained at an acceptable level.
ASME Section X1 hopes 1o accomplish these objectives moving
in the direction of risk-informed inservice inspection (R1IS1).

As a first step. ASME Section X1 has recently developed pilot
code cases that allow for the use of alternative RUST rules for
piping. These code cases grew out of work sponsored by ASME
research [20) and EPRI {21). The three code cases implementing
this technology have been incorporated into ASME Section X!
Code Cases N-560, N-577, and N-578. These initial eftorts fo-
cused primarily on the identification of inspection locations and
the: implementation of appropriate inspection methods. Industry
pilot applications {22,23] have been completed for cach code case.
Each application has been reviewed and approved by the NRC for
consistency with NRC guidelines [24].

Probabilistic-Based Inspection Strategies

Thus far success of the initial RIISI studies has been measured
in terms of estimated reductions in nuclear power industry and
regulatory burden. anticipated man-rem exposure reductions and

-calculated improvements in reactor safety. These improvements in

safety have assumed that the selected inspection locations are ex-
amined using reliable NDE methods at appropriate frequencies in
order to achieve a reduction in failure probabilities. In the long
run, ultimaie success will be scen in a reduction in the occurence
of piping leaks in these systems. Therefore, future inspection
stratcgies will need to manage component failure frequencies.

fn this section we show how a probabilistic approach can be
applied to determine inspection frequencics that account for dem-
onstrated NDE performance and ensure reliable piping perfor-
mance is maintained throughout the component’s original or ex-
tended operating life. In the example described in the forth-
coming, we assuine that the weld location is subject to thermul
fatigue. The inspection frequency necessary to maimain the com-
ponent’s failure probability at or below that associated with the
tatigue limit specified in the original construction ASME Section
11 design code (e.g., cumulative usage factor (CUF) must be less
than unity) is then determined.

Probabilistic Approach. Probabilistic fracture mechanics
calculations are presented to demonstrate that an augmented Jevel
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of inservice inspection can ensure that failure rates of fatigue criti-
cal components shonld not increase as operation is continued be-
yond usage factors permitted by the design code. Uncertainties in
flaw growth rates and in flaw detection were addressed by appli-
cation of the probabilistic fracture mechanics code pe-PRAISH
[25). Suitable inspection frequencies were established for a give
flaw detection capability {probability of detection or POD curve
by adopting a goal for an acceptable piping fuilure probability
{i.e.. probability of through-wall crack per weld per year). Con-
tinued operation for calculated CUFs exceeding unity was taken
1o be acceptable only if additional inspections are performcd.
These inspections are required 10 maintain caleulated failure rales
at levels Jess than for equal to) calculated fuilure rates before the
usage factors became unity.

Probabilistic Calculations. The example considers a stain-
less steed pipe (29-in. outside diameter by 2.3-in. wall) which i
lvaded at S000 cyeles per year to give a CUF=1.0 after 20 yr of
operation given a weld root stress concentration factor of 3.0. This
comresponds to a nominal alternating stress of 27.3 Ksi and a peak
alternating stress. at the weld root. of 81.9 ksi.

The pe-PRAISE model assumed semi-cliptical surface flaws
with aspect ratios of 12 and 20, and a Paris law for {atigue crack
growth having a mean rate comresponding o constants of €
=9 14E-12 and m=d. A simplified treatment of flaw initiation
was assumed. At time=0.0, very small inner surface cracks were
assumed to be present, with depths uniformly distributed between
0.005-0.010 in. .

The alternative inspection frequencies were limited to the case
of no inspections and inspections every 2 or 4 yr, with the inspec-
tion program being introduced after 20 yr of operation. The reli-
ability for the ultrasonic NDE was described by the error function-
type curves uscd by the pe-PRAISE code o describe flaw
detection. Two bounding curves were assumed for purposes of the
demonstration calculations. The less effective NDE assumed o
threshold detection capability (50 percent POD) for a 0.10-t flaw
(a*=0.25in.), whercas the more effective NDE had a 50-percent
POD for a 0.05-t flaw (0.125-in.). In each case, the POD curve

provided significantly betier detection capabilities for flaws of

greater depths, such that flaw depths 0.25 and 0.50 in., respec-
tively. or about twice the threshold size, could be detected with i
probability of better than 90 percent.

Figore 8 shows the predicted cumulative probability of Jeuk
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Fig. 8 Calculated probability of leak before and atfter implementation of inspection program

(through-wall crack) as a function of the operating time (0 to 40
yr). At 20 yr (when the cakeulated CUF becomes 1.0). the cumu-
Jative leak probability is about 1.0E-02. or one chance in 100 that
the weld would fail. If no inspections are perfored, the cumula-
tive failure probability curve conrinues to rise and with an increas-
ing failure rate. All of the altemative inspection scenarios (com-
binations of POD and inspection {requency) reduce the caleulated

failure probabilities. bul some scenarios reduce the failure prob-
ability much more than others. The most effective inspection

(a¥=0.125 in.) reduces the failure rate by whoul an order of mag
nitude compared to the alternative of no inspection. In this case
the failure rates during the second 20) yr of operation are actually
substantially lower than the corresponding rates during the first 20
yr of operation. Some of the other less rigorous inspections of Fig.
8 are also sufficiently effective to maintain the calculuted failure
rates at or below the rate that exists at the time (20 yr) when the
CUF auains the limiting value of unity. For example, an Appendix
L inspection with a 4-yr frequency and ¢® =0.123 in. would mest
the probabilistic criteria as well as the allernative of a 2-yr Ire-
quency with a*=0.25 in. Therefore. in this extreme case where
thermal futigue loading is significontly high, a 2--4-yr inspection
frequency will maintain the component’s reliability at-design basis
levels. .

Conclusions

‘The nuclear power industry has successfully implemented pro-
grams to manage degradation of pressure boundary components,
‘These programs have tocused un unexpecied degradation mecha-
nisms that have impacted plant operations well before the end of
the expected plant design Iife. Programs have also been imple-
mented to address polential mechanisms such as fatigue cracking
that were identified as life limiting as part of the plant design
basis. Monitoring of components in accordance with plant inser-
vice inspections programs can ensure (hat the reliability of piping
systems is maintained throughout the remaining design life. and
address issues related to plant life extension beyond the original
40-yr of the original design.

Inspections at appropriate frequencies with reliable NDE meth-
i SN

ods can smanage the potential degradation mechanisms, and”
thereby justify continued operation even when calculated design
limits may be exceeded. It is even possibie with an aggressive |
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mspection program to decrease failure frequencies during the later
periods of plant life 10 the same levels that existed relatively carly
in fife.

By applying probabilistic methods, future inspection strategics
cannot only be consistent with the service conditions and the dem-
onstrated performance levels of the NDE methods. but will ensure
thar the refiability of the piping is maintained over periods of
continued operation. Inspection strategics, designed in this fash-
ion, will be a powerful addition to current risk-based 1St
maoiels.
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