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e United States has over 1 
these have becn operating for aver 

systematic assessment of the ef fw 
Consequendy, the director of the 
Regulatory ~ ~ m ~ s i o n  (NRC), i 
identified a 
processes a 

reactors in commcrcial operation, and a few of 
years. As the ~ ~ ~ ~ ~ ~ a t ~ o n  of light water reactors 

plant aging on safety has been recognked. 
e of Nuclear Reactor Regulation, U. S .  Nuclear 
omments on the Long-Range Research Plan, 

as advanced in age, the nee$ for a research program that would provide a 

for a research program to investigate the safety aspects of aging 
g components ana systems in commercial nuclear power plants.' This 

rogam H called the Nuclear Plant ing Research (NP ) Program and was discussed 
length at the July 898s International confer en^^ on. Nuclear Plant Aging, Availability 

The N I P A X  Program was ~ ~ v ~ ~ o ~ e d  to provi e a systematic study of how aging 
Factor, and Reliability Analysis.' 

affects the safety of nuclear plants c ~ ~ ~ ~ ~ ~ ~ y  in o p  
comprehensive effort to (1) learn from ~ ~ ~ ~ r a ~ ~ ~ ~  expericnce and expert 
(2) identi& failures duc to age ~ e ~ ~ ~ d a t ~ ~ ~ ,  (3j foresee or predict safety 
resulting from aging-relatcd degradation, and (4) devebp recommendations for 
survciPlance and m a ~ n t ~ ~ a n . ~ e  procedures hat will alleviate aging 

tion. This program provides a 

Many of these issues have been an are being addressed by thc nuclear industry 
research, improved designs, standards development, and, especially, improved 

operational and ~ a ~ n ~ e ~ ~ n ~  practices. However, significant questions still remain 
because of the variety of components in a commercial power reactor, the complexity of 
the aging process, and the limited experience with prolonged operation of these power 
plants. Nevertheless, aging and degradation of plant safely systems and components will 
continue, and currently unrecognized ~ e g ~ ~ d a t i ~ ~  effects are likely to emerge as the 
USs light water reactor ~ 0 ~ ~ ~ ~ t ~ o n  ages. Collection and evaluation of operating 
experience data are n s w a r y  to study thc effexts of aging and degradation on the safety 
of operating nuclear power plants during their normal design life and far any extended life 
option. 

This study examined the effects of aging on equipment performance and normal 
semice life and concentrated on six specific instrumentation categories: indicators, sensors, 
controllers, transmitters, annunciators, and recorders. These categories were selected 
because of their importance in the operations of safety-related instrumentation and 
control (X&C) systems and because they have not heen reviewed previously by the NPAR 
program. 

As nuclear power plants age, it becoma increasingly important for the nuclear 
community to understand and bc able to manage aging phenomena. Aging affects reactor 
structures, systems, m d u k s ,  and components to varying degrees. The issue of aging 
safety-related control systems in a world of increased performance demands is a relatively 
new one. For the W A R  Program, aging refers to the cumulative dcgradation of a system, 
component, or structure that occurs with time and, if left unchecked, can lead to an 

airment of continued safe operation of a nuclear power plant. Measures must be 
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taken to emure that aging-related degradation does not reduce the operational readiness 
of a plant's safety systems and componenh and d not result in common-mode failures 
of redundant, safety-related expipmefat, thus reducing defense in depth. It is also 
ncwsary to ensure that aging does not lead to failure of equipment in a manner that 
would directly cause an acciderai or severe transient, 

As the average age of existing plants increases and life extension actions become 
imminent for the older ones, the subject of aging effects bccornes a concern. The need 
for ~~~~~~~n~ and resolving technical safety issues related to aging are discussed 
thoroughly in the NPAR program plan.' Many NPAa reports have been issued and are 
mostly concerned with large reactor components and equipment that were designed for 
scrviee beyond the 'licensed life aC the plant (40 years). However, the useful service life 
fur many individual I&C modules is shorter than 40 years; t h e r e h e ,  these smaller and less 
expensive plant ccrniponents have to be maintained, refurbished, and r e p l a d  relatively 
frequently. "he impsrianee of this study is evident from the ubiquity of tbcse modules in 
a typical nuclear plant design as we11 as from the need for keeping these modules 
operationally ready for safe op~ration throughout the life of a plant. Thus, it is essential 
to have a comprehensive study of the aging of I&C modules and of the potential for 
degradation due to operational as well as emironmental stressors;. 

quantities and to produce as output onc or more physical quantities that are in more 
useful forms than the inputs. The outputs may represent measures of the input quantities, 
as in a measuring system, or they may represent controls on the operation of SQDX 

equipment or process. More than 60,OOO I&C mo des are used in a typical nuclear 
power plant to perform control, protections, mmaitoring, and service functions. 'I'hcxc 
modules are located in both hostile and be ign en~ronmentn; in primary systems and in 
the balance-of-plant and service, systems, The IW operating units in the United States 
have been designed and built over a period of 7.8 years by many architectural and 
engineering fims that spaificd the equipment/mioduks lased At only a few plant sites do 
multiple units utilize interchangeable rcplacement modules, h i d e  from this small set, the 
numbers of manufactureis and models present for any one module type render impractical 
faillure rnod~s and effects analyses that would lead to a determination of module aging. 
Because nuclear power plants have LIA aburndancc of I&C systems, the. scope sf this 
evaluation has hecn limited to those P&C moduS6;s that are vit 
f i a m p l a  in the assessment have been limited to six classes 0 
reactor safety-related systems, with some ovalap into the reactor control and process 
control systems as appropriate. 

The purpose of any instrument system i s  to receive as input one or more physical 

safe plant opcration. 
u l a  that are part of 

rs or mechanisms can be q c k  (c.g., caused by repeated demand) or 
(e.g., cawed by the ~ ~ ~ ~ a t ~ o ~ ~ ~  environment), It is reasonable to 

assume that tbe I&C module failure probability resulting from such stressor-induced 
~ e ~ ~ a ~ ~ ~ ~ ~ ~  will monotonically increase \with the time of exposure to a stressing agent cx 
mechanism until the module is refurbishcd, repaired, or repla 

I&C modules are unlike other mrnps~enb or equipment in a nuclear power plant 
because their moduhity enhances th rn~lance uf maintenance and repair and makes 
possible their change-out men durin ~ ~ r ~ t ~ ~ ~ "  T h i s  makes the aging assessment 
of I&C modules inherently di€ferent from and more complicated than that of other 
mechanical and electrical modules in a r plant for several reallsons. 
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1. 

2. 

3. 

The same Ends of modules are exposed to different environments and are used 
in a variety of ways (e.$., t r a n s ~ i t t e ~  are used both inside the containment and 
in the balance of plant, and indicators can be positioned locally or mounted in 
control room panels). 

des is inherent in the system design @e., modules are 
intercanntxted and feed signals to each other and also can be cascaded within a 
control Imp). 

Simultaneous actions of n ~ ~ ~ a ~  and accelerated aging stressors are quite 
common during normal plant oper tion (e-g., elevated temperature, radiation, 
and process transients). 

12 0 OF 

In accordance with the N program p h ~ ~ o s o p h ~ ,  this study has three objectives. 

I. ~ $ ~ ~ t ~ ~  agin stresson and the likely effects of these stressors on I&C modules. 

2 Identify, by e ~ a ~ ~ n a ~ i o ~  oE operational history, those safety-related P&C modules 
most affected by aging. 

ssible, methods of inspation, surveillance, and monitoring that 
detection of significant aging effects prior to loss of safety 

function. 

uire that a number of subtasks be accomplished. Also, an analysis of 
the operational, environmental, and accident-related stressors and a detailed review of the 
operating experience of these moclu8es at nuclear plants should be included. 

Several studies of aging effects have been made on the performance of nuclear 
plant safety-related equipment? Many of these reports mention I&C equipment, and 
fewer include referenceable data  This report combines much of the extractable I&C data 
by providing a single reference for this multifaceted information from other NBAR 
reports, Eleetric Power Research Institute (EPRI) documents, and papers from 
conference proceedixags. "his ~ n f ~ r m a t ~ ~ n  is incorporated in other sections of this report, 
and the sources are listed in Appendix k Literature from outside the United States was 

little success in adding to the base of applicable information for 
this study. 

~ ~ i ~ o s o ~ h ~ ~ a ~ ~ ~  and in the broadest context, aging begins from the day an 
instru~entation nodule is fabricated, even while in storage. However, for this study, aging 

. . . . . . . .- . 
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is related to useful service W e  and achievement of design performance (Le-, the ability 01 
a niodule to function as intended, givcn manufacturers' prescribed preventive 
maintenance, until replacement becomes necessary). Replacement is the key to aging, 
whether needed because of wear out (as is mast common for mechanical components) or 
some other reason such as catastrophic failure (as is more common for ekctroniclelectrical 
components). 

Mean time between similarfatlures for a particular type oE module, trend data for 
repairs to the rndi~le, and required frequency of testing for the module help establish the 

th time (aging) for the module. Preventiw maintenance (BM) is often 
mad the gcriad of degradation b e h e  failure occurs or replacement is 

such PM servicing should not, however, be counted as another aging 
that module. If this distincti~n is not wade, a large data file can be 

obtained from repeated routine servicing far a module, from which erroneous mnc$usims 
might easily be drawn- Therefore, depending QHB the reporting methodss, either high or low 
numberrs of reported failures might be termed aghg related. Both lawe appeared in the 
literature. 

for I[&C modules used as examples in tlsc study. T h i s  basis is priniariiy the 
for which I&C departments at the plants are responsible and that are utiliz 
considered impadant t~ safety. Their nature i s  primarily elt~fi-~poic, as opposed to power 
electrical systems, which are not within the scope of this study. 

A common tecliiio 
study rather than a plhysi 
identical X&C moduks may be found in a varie 
aging, the nature and environment for the cate 
function of a module in a system. (The latter becomes significant when the interest is  in 

se~sors, controllers, transmitters, annunciators, and recorders that are used plantwide. 

ed an power plant practices was e a ~ l p l ~ y ~ d  in selecting the boundaries 

of electronics is used to define the bounds of interest in this 
oundary or a functional system boundary. Hence, almost 

of plant systems. From the standpoint of 
r i a  arc more significant than the 

equenc9.4; of a failure.) Hcmce, it is !ogical to have groupings such as indicators, 

I&C components and modules not previously studied by the NBAlP Program were 
selected to assess their a ing status, A review of historical data was made utilizing 
national databases as sources for operational fa 
also surveyed to a limited degree. Some embe 
was extracted and collated. However, qualific 
completely address normal I&C module aging. Therefore, in the data retrieval scheme, 
besides the terminolo 

Section 2 outlines the approach taken to sort through quantity of operating 
experience data to retrieve selectively that judged to be agin d. The study discusses 
the effects of stressors in Sect. 3 and evaluates them as factors that accelerate aging. The 
categories of I&C modules are illustrated in Sect. 4, and the operatiirg ~~~~~~~~~~ 

reported are analyzed in Sect. 5. Problems affecting the  tat^^^ are then 
characterized by the type af conditions co 
are examined in Sed. 6, and gcneralizd 

with detailed supportive material provided in the appendixes. 

re experiences, The open literature was 
d information in previous NPAR reports 

data were not always sufficient to 

used for aging, a prime k e y o r d  was replacement. 

uting to aging. Same aging-related events 
gs are presented in Sect. 7. The 

ions, observations? and ~ ~ ~ ~ e ~ ~ ~ ~ i o ~ ~  from this study are contained in Sect. 8, 



The a ~ ~ r o a ~ h  of the study was to e x ~ ~ ~ ~ e  experiences \within the nuclear industry 
that have affectcd dules, n i s  was ammplished by utilizing 

d u k  specific and would have to be 
ct, emphasis was placed on trying 

to isolate specific I&C ~~~~~ having high failure rates that wcre not already the concern 
sf other NBAR research efforts. However, the databases available to us could not 

e ~ d e ~ t ~ ~ ~ a t ~ ~ ~  of specific modules. Therefore, it was concluded that although a 
tcr induclive approach ta analysis may be satisfactory for studying failure data for 

large mechanical  one^^ such as pumps and valves, it was not necessarily applicable 

degradation either as vi foraance indications and because failures are usually 
rapid and terminal. Tfierefo employed the ~ y ~ Q t ~ e ~ ~ c ~ ~  deductive approach to 
analysis, where a failure: m ~ c h ~ n ~ s ~  thought to be credible is assumed, and then the 
available data are analyzed to determine the validity of the assumption. The first method 
may be thought of as sorting the data into piles, with the size of the pile driving the 

supporting evidence, 
data is not very large 
maintenance for ~o~~~~~~~ then becomes more apparent. 

The information was used to create a computerized database for analysis. 
Mechanims of failure were not ~ ~ t e ~ ~ ~ n ~  during this analysis; however, several analyses 
were performed using the ~ a ~ ~ u r ~ ~ a t ~ ~ o ~  d a h  Selected groupings of the data were 

to identifgr the systems in which the module having the aging-related failure was 
is database was dtssigned as a tool to help manage the information that wouid 

accessible ~a programmed searches ita query the data four various conclusions regarding 
failures and postdated events. 

to the Study Qf dWtK3ni ~ ~ 4 ~ n ~ ~ ~ ~  because electronic modules seldom exhibi t signs of 

n the second method, after tulating a came, the data are searched for 
lo be more productive when lhe quantity of 

ause the trend of aging and/or the frequency of required 

It was not intended as a produGt of the study. The database was 

21 G 

The c ~ a ~ a c ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~  s f  aging in a system in a nuclear power plant is recognized as 
being a crpmpilex task. This is especially true when the system is composed of several 

arts such 8% ~0~~~~ in P&Q: systems (see Fig. 2.1). For this task, modules 
~ e ~ e r ~ c a ~ ~ ~ ~  with the goal being to determine how each category of modules 

s 



typically ages. Thus, an overview of the field could be obtained so that zeroing in on 
specific places in the field would then be more rewarding. Results for the generic analysis 
were also compared to operating expericnaces. Effectiveness s f  surveillance, tcsting, 
maintenance, and incipient failure/degradation monitoring was then assessed. 

Regulations (@FIX>, 10 CFR, Pt. 50.73 (a) (2) (iv), "any event or canclition that resulted iii 
manual or automatic actuation of any Engineered Safety Featurh: (ESF), including the 
Reactor Protection System (RPS)"; and 10 CFR, Yt. 50.193 (a) (2) (vii) (A), "any event 
where a single cause or cmnditiorn caused at least owe independent train or channel to 
become inoperable in multiple systems or two independent trains or channels to become 
inoperable in a system designed to shut down the reactor and maintain it in a safe 
shutdown condition." Therefore, a reported event may be classified easily as safety related 
or not. Equipment identified in the LER i s  thus asstxiated with a safety-related event. 
This greatly facilitates the scrccning of safety-rclatd e q e r i c n w  from those contributed 
to reliability databzses in the balance-of-platil systems. However, subjective judgment i s  
often rcquired to separate aging-related data from failure data useful. for reliability studies. 
Careful, evaluation is required not only for LEKs, but for all current national databases. 

Information ~ $ ~ ~ ~ ~ ~ e d  with aging-related ? d u r a  of I&C-categoryr modules was 
obtained via structured searc es of the LER national databascsc. The Sequencx Coding 
and Search Systc 
Laboratory for the NRC Office for Analysis and Evaluation of Operational Data 
(MOD), formed the basis for a compiled aging datab e for this task. The SCSS 
database was de~eloped to allow information reported in the LERs and a m m  
descriptive text to be e n d e d  such that detailcd, comprehensive information re 
component and system failures, personnel errors, and unit effects and their interactions 
could be retrieved. In addition to its ready availability aad aa-xssibility, many features of 
this database. made itis use attractive for evaluating ~ ~ ~ t ~ ~ ~ ~ ~ ~ t ~ ~ ~ i  failures. The intent of 
the review was to focus on only aging of the six cat arks ef I&C meadulcs. Nowever, 
because of different levels s f  specificity used by uti es in preparing their LERs, the 
review took place at a level of relatively broad Eunctional areas, This was in keeping with 
the recognition that the ~ ~ ~ ~ a ~ ~ ~ r ~ ~ a t ~ ~ ~  of aging is a mmplex task. 

A search of o 
for each of the. six I 

The requirements for generating an LER arc spelled out in the Code of Federal 

abase of LER inCwmation, operated by Oak Ridge National 

experiences was made to @over the 5-year period 1984-1988 
ule categories, 'This period encompasses 479 reactor years of 
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which the inedian plant age was 

for the analysis. Each ~ ~ s t r ~ c t  

an. T%is time span was selected 
~ ~ ~ u ~ r e ~ ~ ~ t s  were ~ ~ ~ ~ g e ~  in 1 nd a mntinuity of reporting was 

for this study* f i c e  ts fram the NRC Daily 

ed and analyzed to obtain 
(a then those aging events were placed into an 

d y  ~ ~ e ~ ~ ~ ~ n ~  Events Reports, and the NRC Regional 
"be ~ ~ ~ ~ ~ ~ ~ t ~ o ~  is retrievable by structured searches 

~~~~~~s was then ~ e ~ f ~ r ~ e ~  
tern affected f5r ea& of the 

ag failures were ~ ~ t c ~ e ~  to the plant age. 
to determine the relative percenta 

data were next 

the trend of module Tailuxces by plotting 
which failures occurred. Data from the 

ieved and the resdts were compared quantitatively 
ase (see Figs- kl, A2, and A3 in Appendix A). 
antage of using one database for the analysis of 

ow these were manifate I Some examples from 
to illustrate the I e analysis of the data 

a comprehensive aging 
assessment for six I&C module categories, 

22 BNS 

In a p & ~  ~ ~ ~ e s t j ~ ~ ~ ~ ~ n ,  ~ s e s s ~ ~ ~ t ~  were made of the relative occurrences of aging- 
related fa'aihres vs other failures.' Because that study focused on the reactor protection 
system, there may be general a ~ ~ ~ i c ~ ~ ~ ~ ~ ~ ~  of the results to the I&&: modules in this study. 
A quantity, aging fraction, was defined for a ~~~~~~~~a~ piece of equipment as 

aging fraction = (failures due to aging)l(total failures) . 

PRDS was used as a source of data where, with failures divided into five 
g ,  testing, human, and other), it was f ~ u n d  that different types of 
ilas aging fractions ranging between 0.2 and 0.4. Another analysis 
~~~0~~~~~~~~ of these results,' espite judgments about what 

being somewhat different from t os6 in the WPRDS study. 
Table 2.1 lists the aging lractisns for various components described in the 6764 total I&C 
~ a ~ ~ ~ r ~ ~  found. 

dy dealing with. LWR safety system noted that the aging fractions for 
tatinn components did not vary greatly from system to system? The 
the effect of aging on solid state component failures was minimal 

relative to lothcr ~ ~ ~ ~ ~ e ~ ~ s .  
A study that is critical af 2O-year-old electronic technology still in use at plants 

, can be expected as experien hours.7 Because 
out that a plant with about 1 xaacadules, whose individu lure rates are to 

a problem every 100 to 
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Table 21. for various instrumentation a d  control @Q ---- 
Numkr 43@ 

CAmponent of faultsb fraction 

Ampliilcr/buffer/lsolation amplifier 
<~able/receptacl~/junction-box/terminall 
Controller 
Comparator/bLtable 
@onverter/candieioner 

Gencral Switch 
Hand Switch 
Computation Mode 
Tndicator/meter/;nnnunciator 
Computer 

Limit Switch 
Monitor 

Recorder 
Relay/solenoid 

Power supply 

138 
226 
72 
327 
98 

35 
224 
303 
45 

70 
979 
227 
117 
275 

0.49 
0.21 
0.21. 
0.58 
0.64 

0.75 
0.23 
0.47 
0.40 
0.31 

0.37 
0.43 
0.30 
0.53 
0.37 

Sensor 424 0.40 
Ther 27 0.4 1 
Transformer 11 0.82 
Transmitter 844 0.56 
Other/unspecified 318 0.20 

“Soirce: Bawd on data from Data S w ~ m k  of Liceitsee Event Reports of Selecbed I ~ ~ n ~ ~ ’ o ~  and 
Catrm? C o n p n e m  nt US. CcrmrcirJ Nuclew Power P h i s ,  NUREGICR-1740, US. Nuclear Regulatory 
Commission, July 1984. 

numbers and the aging fractions are the numbers of faults categorized %IS rime relard. 
bNurn~rs of faalas reported in the database for the individual mmponents. The product of these 

individual components within modules are commercial grade, th6: ability to achieve an 
order of magnitude s f  better reliability by judicious use of military grade components i s  
pointed out. 

improvements in two areas: 
The method by which this enhanced reliability would be achieved is through design 

1. change-out of selected specific critical components in the equipment modules 
and 

2. redesign of modules to provide enhanced reliability. 

In both cases, military-specification components are proposed, especially for rotary 
switches, operational amplifiers, trimmer resistors, and field-effect transistors. For 
redesign, other improvements are also suggested (e.g.) dual power supplies feeding 
through diodes instead of individual powcr supplies). 

RPS found that a good maintenance program “almost makes aging a nonproblern on 
rcdundant systems such as RPS, became the periodic rejuvenation does not allow the 
system to grow old,8 The study involved a detailed investigation of generic I&C channels 

A study by Idaho National Engineering Laboratory om the effects of aging on the 



af the Reactor Trip System and ~~~~~~~~~~ Safety Feature Actuating System by using 
many s f  the same sources ~~~~o~~~ in this study. 
on the analysis of the six selected I&C 
level. 

wever, this report mncenkrmtes ~ d y  
ies rather than on an overall system 

A rexent EPRB s~~~~ of LERs indicated t at -30% of the reported events during 
192x2 were attrib 

~ n ~ ~ ~ ~ t e ~  that close to 
and ~ ~ ~ ~ t ~ ~ c ~ ~  proble 

to ~ ~ ~ ~ ~ ~ ~ n t  and elect 
of the LERS in 1987-19 
era1 factors may acmu 

irements were ch 

 em? m e  report also 
~ ~ ~ ~ ~ ~ ~ a ~ ~ e  to instrument 

~t~~~~~~ results of these 
two ~ n ~ ~ n ~ ~  of e EPRI study as we41 as for diffe e ~~d~~~ of this current 

in 1984, (2) electrical 
, (3) the EfRI study 
wt as well as direct 

the two studies used different 

2.368 D E 
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Some foreign literature, primarily in two callections of papers on aging at 
international. meetings, was examined in this 
coniinercial nuclear power community are addressing agin issues, but relatively few papers 
address I&C aging issues specifically. However, some useful information w 
from the referenced meetings, such as that described below. 

~ ~ ~ ~ ~ ~ ~ n ~ ~ 1 3  It is based on a formula from Military Standard Specification 
MIL-HDBK 2132, "'Reliability Prediction of Electronic Equipment" (1979), combined with 
data on individual mmponents that make up complex clwtmnk UX&S. 

Japan's practice of formalized inspection of instrumentation during refueling outages 
bas been adopted as a rcsult of reg~~lariion.'~ Possible merits of this approach, 
supplementing siaweillance testing during operation, are discussed in further detail in 
Sect. 7.8. 

approach is in contrast to starting such a program midway through plant life when issues 
of life extension begin to arise. 

Bsential1.y all countries in the 

Belgium uses a rigorous approach to the accelerated aging of electronic 

France has an aging program that starts at the time of plant comtruc~ion.'~ nis 

le 22" Safety-re1 -- 
Percentage of 

Perceaage of a ~ i ~ g ~ ~ ~ ~ a t ~ ~  
Instrumentation and Number af ap,ing-relaaed LE% + total 

control module Nunikr of IXKs aging-related LEWs + aging- LEE& generatad 
category retrieved for modules LERS related total (4%) (13,726) .-.- --- 

Indicator 997 220 35 1.6 

Sensor 424 199 32 1.4 

controller 39 5 105 17 0.8 

Tr.W'StIlHtkX 296 79 12 9.6 

Anmunchtor 101 17 3 0.1 

Recorder - 61 II_ 8 -_I 1 0.06 
Total 2276 42.8 100 4.6 



3. s 

An  ant concern of the nudear ~ n d ~ ~ ~ ~  is the impact of ~ ~ ~ ~ ~ m e n t  aging on 
consequencxs of accident and 
egradation on the ability of the plant 

ion of stressors acting om the equipment as 
must $e given to all 

t the functional ~ a ~ ~ ~ ~ l ~ t y  of the 

4: ~ ~ ~ 0 s ~ ~  on s h  categories of H&C 
I It discusses the operational and 

ules; and it inc%u&rr system- and ~ ~ ~ ~ ~ ~ e ~ t . ~ e ~ ~ ~  stresses such as 
ting, human factors, ~ ~ ~ r ~ n ~ e ~ t a ~  parameters, and their synergistic 

effects. 
ccurs when a material is subjected or exposed to a stress 

is defincd as an dement that acts upon an I&C 
~ ~ ~ e ~ e ~ i ~ ~ e  physical change. T h i s  change may 

m, whcreas the stressor is that which 
anisms that cause a material's mechanical 

clude Latigue stress cycies (thermal, 
esbn, e ~ ~ r ~ t ~ ~ e m ~ ~ t ,  dif€wion, chemical 

ination. Each mechanism can occur in 
various ~ a ~ e ~ ~ a ~ s  when tbey are exposed to particular operating and environmental 
stressors. Abnormal conditions accelerate h e  aging process, thus weakening the material 
faster ~ o r ~ a ~ .  

effects of agc are ~ a r ~ ~ ~ u ~ ~ r ~ y  im ortarat whcn sensitive modules are operated in 
iatisn, temperature, humidity, vibration, and other conditions 

that may degrade ~~~~Q~~~~~~~~ These processes r ~ ~ s ~ ~ a ~ ~ y  well understood when one 
ed to One kind of stress. 
ch k the case for most clt~troltslic c ~ ~ ~ ~ ~ e n t s ~  and the synergistic 

wcver, with the amplexities of 

t~ess~rs ,  these processes bcmrne ~~~~~~~~t to understand. Extensive 
material analyses are necessary to characterize these complex 

is by definition a ~ ~ n e - ~ e ~ ~ ~ ~ ~ ~  process, considerable 
time is necessary to understand mnpleteiy the true aging mechanism operative in a plant 
enviaonmen t. 

failures solely on the 
failure description or report@ use provided in most operating 
~ ~ ~ ~ ~ ~ e s  or abstracts. Hn so e cases, a mechanism identified as having 
ure ccsuid "be considered either aging related or random, depending upon the 
s under which the faillarc w u 1 ; r d .  ~ ~ ~ ~ ~ n ~ e n t a l  cffects, normal wear QE 
arts, erosion, corrosion, cycJir: ktigu c., affat the component in a 
hion with rather slow aging rates. e stressors will commonly act in 

unison, though one may predominate, making it diflicute to recognize the true aging 
stressor as the cause of the failure. Hence, many aging-related failures are misclassified as 
being ~ ~ n ~ o ~ ~  and ~ ~ ~ ~ a c ~ ~ e ~ ~  of the failed mcxhale is the corrective action taken. Such 

11 
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actions are easier €or I&C modules than for other equipment studied in the NB 
program because most I&@ modules arc accessibk and designed to permit easy 
replacentient. 

The electronic mmponcnts in P&C modules often include numerous resistors, 
capacitors, diodes, and integrated circuits that are used for signal conversion, signal- 
conditioning, and linearization of the module's output. In some, resistors and/or capacitors 
are used to maintain the linearity of the output and to sci the module zero and span. 
These components are adversely affected by long-term exposure to high temperature and 
humidity, by radiation, and by fluctuations or step cliangcs in the power supply voltage. 
Any change in the value of electronic ccsmponewts such as the resistors or capacitors can 
cause calibration shifts and response time changes and also affect the linearity of the 
output signal. Calibration shifts can occur from deterioration such as loosening or wear of 
mcchanical constituents or aging of electronic parts. Adverse effects from such exposures 
gradually become apparent over time, and more than one stressor can be responsible for 
the same ultimate physical degradation. 

their application, thc process being monitored, and the services supplied to them such as 
air and electricity. Undcr normal plant conditions, thc major environmental stressors are 
radiation, temperature, ~~~i~~~ (moisture), and vibration, all of which contribute to 
normal wear of components and affect the modnalc in a cantiniaous fashion but with a 
relatively ?ow aging rate. Module aging can be accelcrated by some transient situation 
such as water hammer, shock, eleetronn ce, or improper maintenance. 
Another form of aging-related stresssin uantifiable forca such as 
dormancy, human errors, and technological obsolesccmce. h y  one or more of the 
stressors can severely curtail thc seivi~e life of I&C modules. 

Ira this aging study, it was found to be more useful and practical to concentrate on. 
classification by stressors rather than by ultimate physical effects. 'I'hc principal stressors 
for I&C componcnts considered in this study are listcd in Table 3.1 and dkcused ira 
Sects. 3.1 through 5-10. 

I&C modialcs in nuclear power plarits are subject to strcsses from their environment, 

Ionizing radiation is a dominant stressor for aging studies in nuclear facilities, and its 
presence makes a nuclear power plant unique in the process and electricity generating 
industries. Radioactivity is the process by which certain types of unstable atoms or 
nuclides decay spontaneously until a mort stable state is reached. Radiation k the ejected 
nuclear material (alpha or beta partidcs or ~ e ~ ~ r o ~ s ~  or energy (gamma rays) released 
during the decay process. When alpha, beta, or gamma radiation impinges on materials? 

is absorbed and may cause structural and chemical changes and damage the 
material. 

Materials such as (1) organic fluids, (2) elastomers, and (3) plastics are especially 
susceptible to racliati~n damage. In a nuclear plant: organic liquids can be found in many 
different forms such as grcases, lubricants, coolants or heat-transfer media, and neutron 
moderating materials. Two of the most striking efkxts occurring in alp organic liquid ars 
the result of exposure to radiation are gas evolution and changes in visccrsity. The 
viscosity usually inc-reaqes upon caratinma1 exposure to radiation until the liquid polprerizes 
into a  lid form. 
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3.2 m 

Perhaps the best understood and easiest aging phenumcraon to analyze is that due 
to temperature. In fact, aging depdat ion  of I&C eqmipnient not place:! neai the reactor 
vessel is principally temperature dependent- The e€€e& of temperature are often related 
to an hriiesaius model of aging. This has bcew applied to powex 1pJaz-d equipnxxt.'6 The 
essence of the model is that the log (service life) is proportional to l/(absolute 
temperature), This relationship implies that thc log of thc milis of service lives at two 

differencea The failure rate of instrumentation can thus be expected to Eacrewse rapidly as 
ambient tempccat-sare incrcaes, When the temperature exceeds specified limitations, as 
set by the manufacturer or the plant Safety Analysis RqmrtsEechnical Spw;fications, 

nents in the I&(: modules are stressed, aging is acxderatcd, and usefd sewice life 
by the emnvironrnerntal qualification requirerrrcnts for that module is dccreasrd. 

Concerns have becn cxpressed ahout tbc performance of safety-related equipment 

temperatures not too far apart will bc ~ppmxiinately piopmtional to the tcaaap- bra ture 

when excessive temperatures ate secordcd in the containment and equipment 
rooins/cabicacts, especially over prolonged periods. 1n particular, overheating of electronic 
comgsnea;i8s in safety-uelated 1RrC modu!es bas raised qimcs:ions about (1) decreased 
reliability dnc to increased Iailure ~atcs  of printed circuit ear& and other heat-sensitive 
compsi~ents and (2) the potefitial for CCP ause failure (CSCslq of redundant safety- 
related instrumentation channels due tn d loss of normal cooling air flow to the 
cabincts in whf~h the nxaodula3 are lsmtcd ,4 kxakzed elevated temperature can also be 
generated by poor conaectiom of tciminals at the terminal block. 

malfimctiun of control system, plant transicmnts, imperabiMy of instrument charraiels in 
protectim systemsi and ~ B M ~ ~ : O L I S  indications and alarms in the control roo=. That. 
concerns p~ompted NRC tn issue aa Taformatioa Notice regarding the significant problem 
involving the loss of wEid state insteumeri;it;ition FolBcluri~g a failmiio: o€ esntrcsl iuom 
co~hing.'~ ' ~ h e s s  G ~ ~ C G I ~  are genecic to all opcrating wurlear plan~s that ai: solid state 
electronic cornpnzazts.. Fous ~ v e a b  involving failusa nf sokid state electronic componcnts 
in safety-rclatEd instr umen i r t i~ i  and control system due to ovcrhmiing are zeviewcd and 
evaluated in reference 18 (sss also Sarct. 6.1). 

resulting from opcrati~g a plaat at tzrq9craturcs bcyoisd its analyxd basis" (stx Sect. 62,  
Example 1) and to potential prohlcas resulting fionv high-temperature erivironments in 
areas containing safety-related cquipmcct~6 Thermal aging of heat-sensitive ctxnponents 
(e.g., cables, splicss, terrxriraations, and terminal Soar&) witkin 1 he Scries SMB Limitorque 
motor openator limit switch compartments were a concern io NRC inspectors during a 
19% inspection." ccmpaf tment space $caters are n s m d ~ y  energixci diiring plant 
operation to r d u c c  the re!ative hum;dIty. HOWEVI;, the comscquesces of the increased 
temperature, which wodd shorten the qualified life of electrical mmponen@ within the 
switch wmpartment, werc not analyzed+ Based on thc length of time inskallcd (14 years) 
and the original qualified life (40 years), the qualified lives cf some. Limitnrqrie Motor 
operator w m p n e o t s  were reduced whcsa 61ac cffect of tbc incsessd compartment 
temperature was takers. intn cnnsidcratitx.. 

Manufacturers desigm their podwts  for a specified range nf operating temperatures. 
When the extremities of this range are exceeded, stresses greater than normal (accelerated 
aging) are applied PO thc product. Effects cf off-noiiid teinperatUES are n ~ ~ i . 1  ~ S S  

evident for mechanical devkcs, which are often] more rahmt than electronic dcviccs- 

Failures of ellectronic minponeats in s&ty-related Eiastrurnent systems lead to 

Information Noticas w e e  also issued alerting li S W S  to the pO'cCkltiddl P k U b h l  
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However, for both, M 

uipment and modules 
accident. (See the ser 
U.S. Department of En 
stressors. Far example, 

been collected from the survival analyses of 
ree Mile Island Plant, Unit 2, following the 1979 

reports prepared by EG&G Idaho for the 
mperature can also act in concert with other 
of humidity are increased at higher 

ame of increased d ~ ~ ~ ~ o n  rate. 

3 3  

I&C modules inside ~ n t a i n ~ e n t  are occasionally exposed Ita moisture from leaking 
valve seals or broken water or s t e m  limes. These I&C modules are sealed to conform 
with environmental ~ ~ a ~ ~ ~ c ~ t i o ~  requirements. However, time and t ~ ~ ~ ~ r a t u r ~  eventually 
degrade the effectiveness of the sed, and maintenance sometimes damages the seals as 
well, thus ~ r o ~ ~ ~ ~ g  B pathway for moisture to enter the module. Moisture can also be 
elsewhere in the system and enter a xr;rod~C by way of electrical conduits. 

Some events and NRc" concerns are given in two Information Notices.2'.n For example, 
Supplement Two to ~~~o~~~~~~ 
suppression system a% a result of  water entering the control panels through the ends of 
several open 
~ n ~ e n s a t ~ ~ n  with its concomitant adverse effects on electronic and electrical circuitry and 
equipment. Moisture weakens the dielectric strength of insulators and promotes rot, 
b a c t ~ r ~ o l o g ~ c a ~  invasion, and reduced tensile strengtha It can result in the burning of 
insulation and the propagation of shorts by increasing surface conductivity and can also 
came the failure of relay coils by promoting arcing, which produces contact pitting. 
Besides stressing insulating materials, spray water and steam can entrap and deposit 
substances detrimental to electronically conductive surfaces.21>zt Multiple pin connectors 

uct buildup around their bases, causing electrical shorts 
between pins and from pins to ground. 

bearings or electrical pins, contacts, and connectors. In one event, moisture was 
t r a n ~ ~ ~ t t e ~  t ~ r o u ~ h o ~ t  an instrument air system when dryers in that system had been shut 
off because of a malfuectim, This was reported at one plant when water from the fire 
water system inadvertently entered the instrument air system.3 Once present in I&C 
instrument air tubing, moisture is difficult to remove and, in the interim, promotes 
corrosion. 

Moisture has been found in modules, equipment racks, and instrument cabinets. 

describes actuation of a carbon dioxide fire 

~~~t~~~~~~~ in ambient temperatures can thus cause 

le to corrosion gr 

Moisture can adversely affect movable mechanical parts such as linkages, pivots, 

Systems oprat ing with low levels of vibration may eventually experience high- 
cyclehowstress fatigue in their components, loosening of fasteners, and shifts in set points 
or calibration. Vibration generated by nearby mac inery during plant operation may be 
transmitted to sensors and P&C sacks through the building structure. Electrical 
components including relays and breakers exbibit chattering due to vibration that 
~ o t e n t ~ a ~ ~ y  could affect the operation of the cam 



Repeated but random mechanical shoch can impose as much cumulative 
d ~ ~ r a d a t ~ o n  as d m  cyclic mechanical motion, the principal difference being that failure 
due to the latter stress can be predicted reasonably well. Howevcr, it is the cumulative 
effect that promotes accelerated aging-related degradation. 'Ilerefore, the frequency of 
owutrenm is important when the aging effect of shock i s  considered. Water hammer in 
the process piping k a Beadi g contributor to this aging stressor. 

All man-mackinc intcrfaces are susceptible to the consequences of human 
interaction, which can create a situation conducive to the d ~ g r a ~ a t i o n  of equipment. This 
interaction may be via rmal practices in maintenance, operation, repair, and testing or 
inadvertent acts that, as a result, contribute to thc wear-out and accelerate aging for the 
system components. If the human interaction is erroneous, the aging effect can be even 
more serious. A n d  exists for studies that (1) inclludc the human as one of the root 
causes of degradatioin and failures of modules and (2) determine the sensitivity of new 
technology systems to operations, testing, and maintenance errors. 

Modules are manipulated both while in place during testing and calibration and 
when moved to another location for maintenance and repair- Interactions can also occur 

either on or off, or when the modules are routinely surveyed or sewiced For example, 
set p i n t s  (potentiometers) require adjustment, jumpers are installed and removed during 
some surveillance and testing procedures, and needle valves and block valves are opened 
and closed during testing and calibrations. Each of thew can be unintentionally 
mishandled, and each such act contributes to wear of some component. In most cases, 
this wear is predictablc. 

ther equipment and devices are connected or d ~ s ~ n n ~ t e ~ ,  when they 

Aging i s  further hastened by operational. misuse such as in-service stresses, 
installation errors, and incorrectly applied p ~ o w d u r e s . ~  An incorrect operati 
can adversely stress the equipment's subcomponents and may accelerate the 
For example, frequent starting of certain electrical equipment before allowing them to 
CQOl d a m  the insulation and cause premature electrical shorts or grounds. 
Another e nadverteat overrange of a module, thereby campromising its 
performance and shortening the expected seavice life. Maintenance can likewise be a 
cause of degradation in many conipsnents of nuclear power plants when errors in 
maintenance 01: the lack of prcveaative maintenance c 
accelerated aging wear. For example, maintenance4 
pressure is applied to the wrong side of a pressure t 
equalization valves are not manipulated in the correct sequenm to p 
the sensing element to sudden changes in pressure. Even though ca 
not result, a tion stressor has nevertheless been applied to the comgsnent. Stress 
may also be to instrumentation when the module is cycled above or below its 
normal operating range. Sometimes when new components are installed, physical as well 

cause the module to experience 
ced problems occur when test 

itter or whan isolation and 
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safety and operation of a nuclear power plant. ,4%a EM1 stressor may originate from 
within the aikcted system o r  external to it, 

Radiafed is  the term wd to characterix nonmetallic paths and csnducfed k the term 
used to characterize metallic paths. Cornpling paths are referred to as conductive if they 
result from the ohmic cxantaazt between two mmpnents or &res; radiative if they a x  
causcd by the stray capacitance bctween two mmnponents or ~ ~ ~ a ~ c ~ ~ ~ ~ ~  hemeen 4wr0 
separated but adjacent ca~ductors. 

Elcctiical transients may be cither conducted or radiatd to thc amceptiblc: module. 

AK. welding equipment generate radiated and p a c ~  he-induccd 
electrcmagnetic interference. Plant maintenance routinely requires the m e  of arc welding 
equipment for cutting and wcldiog of piping aid  structure;_a. However, when us 
proximity to i&C moduXes, arc welding equipment may injsst false signals into the mntrol 
and monitoring circuitry. Aacing from welding equipment or relay and breaker contacts, in 
conj uncticn with thc imhctaace af cquiginent wkhg, can Came current and voltage surges 
in associated c i r c i i k  VoltaEc surges may lead tn shorts wind awing in Ioedly weakened 
insulation. Current snrgm may radiate EM1 to ncw3y wiring. Tre action of protective 
devices can also came trmsien: atrcsazs 13~1 other componentsj resulting in set-p~int drift, 
mechanical fatigue, and surface burning (due to arcing). 7 % ~  hack ekctromotive force 
associated with de-eEergizing electrwncchanical relay coils may be sufficient to generate 
degradation in some circuits. 

1,ightning can came induced voltages that may p;-pa~t~ate instrumentation and 
control system signal linzs, data proassing systcm cwh'lcx~ and power supply circuits. 
Lighti~ing-inducd C S I ~ T ~  paalscs are s o n i d m a  sufficient to bie& d n w  (ionize) the 
insulation b e t w c ~ ~ i  adjawnt con c:fTE, to weld m n m i a  logt=ther, to bridge the gap to an 
unnatural g~~in' ld ,  and to ignite mmbtasti&~lc mateyiais. Other times, lightning acts more as 
a stressor, merely degrading the senicc life of ckctronic r;"c?rm. HOW~PICB, ligbtniiig- 
indomd impuisacs as an aging factor ham yet to bc fully studied. 

Lightning, although ~ ~ 1 1  ayprcciatsd for its clirmt and iinmcdiate destruction of 
equipment, may also act as a strcsaas whcn the 'ligbtning4nd:mced pulse results in only 
partial damage, leaY;'ng equipcat degraded and wilwxable to furtlincr stress. Lightning 
can indux stressful cncrgy impulses into I&@ systems, both d e t y  related and nonsafety 
relatcd, The impulse eincrggf produced by a ncarby lightning strike i s  a definite 
environmental strmwr to I&C msdulcs even when potzxtive devices are installed on the 
system Sometimes :he grotective devisea are: ~ ~ ~ n ' p i ~ d ~  leaving thc system in a less secure 
state. Such. impukm lrave caused spimricm signals in clec-trasnic syst analog as well as 
digital, and spririms eqiaipmcnt actuaticrrh or its fa'aihire when thrcsb were exceeded. 
T h i s  impulse energy has at times circumvented the designed protective features and 
advepseEy affected I&C modules and control systems ".ria plant structural naembers, piping, 
and even the plan: electrical groundiiig grid network Somctimnes the ~ n o d ~ k s  fail 
catastrophically, whi& i s  not an aging-relatcd evmt, hut more often the consequence i s  a 

adats'sn that shmtem the natural service life af thc modules. These iacipieaat failuress 
depending OM the weahess  involved, noanifcxt themselves at some later time, and thc 
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control signal, a new position of cqii3ibxium is estabiished, Such imbalance w.urs  
frequently, so~7r,times ~mtinunusly, and can 1 ~ a d  to a hunting or oscillation in the 
mechanism The T&C moduks most often affected arc some sensors, transmitters, and 
control actuators. Other example% incls,ade elect~onir: devices that haue inherent limitations 
on the number of correct operations that can be expected, chemical exhaustion of battery 
cells, and batteries that develsp a m e r n t q  wheteby energy storage capacity is lost if the 
battcry i s  not periodicdly deep -discharged. Conta.ct.s are subjected to cgrcllc fatigue. 
Because mechanical! contact is made each time these ccxqxments are in operatiow or 
change state, wear out can o a u r ,  causing set-point drift er o ea or a%.xPse ccanmections. In 
addition, thc surface of thesp, contacb can be damaged by sparks, pitting, lower seal-in 
f o r m ,  vibrations, and sticking. 

ng occurs under a11 circuaistarwx-it can never be entirely eliglSimtledg even if a 
donnisasut. 1~ fact, some modules in standby systems display increased aging due 

to inactivity. Inactivity as a stressor for mechanical pasts such as linakagcs, bcarings, and 
pivots can cause the parts to de~elap a set QT to stick, produrciay a situation where higher 
than normal forces beconic nerc.saay for thcm to break away from this position and allow 
movement in response to a d r m w d  In dectronics, image burning of cathode ray tubes 
resulting from an unchanging image on the ph~sph.,sr screen cari dqyadc the display and 
thereby adversely affect the desired sespnse frtsrr an opmtor .  IIyperactivity i s  the 
conditim En which inoddes experience rapid chaagee in ;heir operating modes or arc 
switched on and off many times at a East rate. Some susceptible wnipments are lamp 
filaments and indicators, chart dsivcs (high-speed tracing), mmpwter disk drives, and power 

bemma: operatiom1 anytime the safety of the plant is cha1l~:rlged. The teichaicaal 
specifications may require pcrisdic stadstop testing of such equipment to ensure its 
operational readiness. 'l'his rc:qiimire.naeiaf could involve colt1 starts of the equipment, whictn 
introduces a higher streas than is usually experienced during normal opcmtion. 

supplies, Certain iexxs of s a k t y  eyuiprrncnt. remain OD standby and arc required to 

Degradation and prcmatwz faiiure can e ~ r f i ~ t i n i ~ s  be :race:$ tu the effects of 
storage environment on I&C equipmci-rt. Storage areas oEten have uncontrol'ied 
environments and t\ncrefore can subject stored equipment to extreme temperature, 
humidity, and even corrosive atmospheres. Ekvated tcinpeeatures can accelerate the 
effects of some of the othei stressors and thus further redum the anticipated useful 
sen-vicc life of I&C inodu!es, Varying temperatma cmtsii" metals to expand and amtrack, 
seals to weaken, moistul-f: to ci)iidefmc, and rne:atlic surE;zce contamination to develop. 

Another factor is shelf life. For example, tkc dctesimation of the dielectric film of 

physical or functional status of the capacitor. hlthuugh certain actions can amlerate the 
rcactioa, storage dmx not prevent the reaction from ccsntirraing. Che recent exampk 
occurred on July 9, 1988, at. an spccatirig plant wkcn the reactor watcs cleanup system was 
rcporkd to have isolated because of an erroneous signal from the steam leak-detection 
i ~ ~ s t r ~ m e ~ ~ t a t i a p n . ~ ~  Tke :emgcrat!arc-iaPoraitoring switch was found to be reading above k s  
trip set point. 'This switch had keen installed on May 12, 1987, after being 

d ~ ~ t r ~ l g t r i ~  capa&ors is 8 tiapp~-dep~ndt~t pXjtG~l effect a d  occuis regardle%s of the 
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and ~e~~~~~~ in warehouse stack since 1978. Bench tcsting of the 
~~~~~~~  et^^^^^^^^^^ of c a ~ ~ ~ ~ t o ~ ~  within the internal power supply 

~~~t~~~ the same storage area contains bottled gas, cleaning agents, building and 

dvertent but not all that unusual 
aianlenrancc s ~ ~ p ~ ~ ~ ~ ~  and water treatment chem_icals and is ventilated by unmnditioned 

ulting from (rather activities 
an unconuolled and unana condition. 
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case involved failure of a Gclmeral Electric relay that 

e ~~~~~~~ ~ ~ ~ n ~ ~ ~ c t ~ r e r  of a 

4p longer rnanuEactured.32 
t be found. One such recent 

were used in several other safety-related applications, the problem 
t been given prior consideration. This is not an isolated example in 

~~~o~~~~~~ the problem is the general lack of interchangeability and 
s ~ a ~ ~ a ~ ~ ~ ~ ~ t ~ o ~  of parts in nuclear 
~~~~~~n~ over the years. This Le 
cases, a second source does not exist. 

nts because of the continual modifications of plant 
eo not having a secure supply of parts, and in many 

llowed the technolagical lea of fossil-fueled power 
paper? chemical, and petrochemical contributed 

de, ~ Q ~ S ~ ~ - ~ ~ ~ ~ e ~  plants, 
pmcnt obsolesce felt the need to nize by using newer 
nts and sgpsterm. us, they abandon 

~~~~Q~ that nuclear power industry re on for measurement and 
nationall and international nuclear and nonnuclear systems. Even 

standards reflect this shift. Unlike fossil generation and other industries, however, the 
~ ~ ~ ~ ~ ~ ~ ~ ~ i c ~ ~ l ~  stagnant. 

ing ~ ~ ~ d ~ a w a ~ ,  have been recognized in some 
and industry, some positive steps haw been taken, 
placement programs. In view of the growing 

sponsored a muse in November 
onents. The course presented a 

ability of spare paras, NR 
ent of r ~ ~ ~ a ~ ~ ~ e ~ ~  parts 
rwuring electrical and ~ ~ c h a n ~ ~ ~ ~  repPacement parts including 
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commercial-grade items: for safety-related systems in ope 
Plant maintenance organizations are spending incseasi 
materids for co 
reasons, many s 
changed their business to cater ta a different market: (1) the drop-off in new plant 
construction and (2) stricter NRC and utility doamentation and certification 

rements, ~ ~ ~ ~ c ~ ~ a r l y  in quality assurance (QA) programs. Many vendors that 
wed the same product for nuclear and ~i~~anjmclear applications found the nuclear 

option financially inferior and have exited the market. A ~ a ~ ~ ~ h ~ ~ i ~  of spare parts also has 
a direct impact om the timely campletion of maintenance. 

nuclear power plants.” 
on evaluating substitute 

ents no longer manufacturcd or available for purchase. For two 
arts wrnpanies have gone out of business in the past decade or have 
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As I&C technology advances, so does the desire for better performance from the 
I&C systems, mcpdules, and equipment. However, once installed, actual system 
p e r ~ ~ r ~ a n ~  seldom improves and, in fact, ~~o~~~ degrades with age. Only by upgrading 
can ations for improved fornasance, and reliability be realized. 
awa im of currcnt I&C ~ u ~ ~ ~ ~ ~ t  has e 
Concunently, the limitations of older technolo ies have kcolne clear. 
equipment is prone to failure and signal drift. Andog sysstcms require more frequent 
surveillance, testing, and calibrations than do microprocessor-based system. 

like vakes, inotors, and control rod drives is ip consideration that would not have been 
expected to arise in otber NPAR studies. The problcrn is not one of degradation but 
rather one s f  absence of the desired improved performance. 

of the superior capa 

The relatively rapid turnover in P&C technology cornpard to mechanical equipment 

Requirements for the commercial nuclear power indutry are continually being 
ensure that the latest operational events and technological 

e Mile Island incident resulted in massive efforts to improve 
ated by current ~~~~~~~~~~s so that piablic health and safe 

postaccident monitoring systems,3’ to enhance the control room design,% and to ensure 
the qualification of safe?yrelated 
requirements for digital 
service requirements an 

Currently under study are guidance 
microprocessors, and other equip 
ral needs of the advancing techn 

The goal of new techno1 
improved performance, reliabil 
improvements are reduced instrument set- 
equipment count required to implement a 
card may he more reliable than a more complcx digital niicroprwsso card; bowever, the 
overall digital control system may be more reliable because one micr 
replaces several analog m ~ d u l e s . ~  The inclusion of microprocessors and their concoxnitan t 
software in the WPS marks a significant departure from the original analog cleckonic 
design. While the transition to digital systems may p r o d e  signifycant performancr: and 

in I&C equipment (mostly digital) is to provide 
and maintainability. Immediately observable 

drifts and significant reductions in the 
01 system. Consider that a single analog 

rocessor module 
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safety advantages, it may aks introduce issues an cmxepns that have not k n  
encountered previously and have not undergone t h ~ r ~ ~ ~ ~  safety review. 

An upgrade at one plant was essentially B r~~la~rnent-ilP-funct30nal-kind of an 
lete W S  and nuclear steam suppl system wntaal system analog moduk. with a 
rn micraprocessm-based module5 The licensee stated that the existing Taylor 

r ~ ~ ~ ~ e r / ~ n t r Q ~ ~ e ~  and original Foxboro ~ ~ ~ m ~ ~ t  were a h u t  20 years old and that 
recent inspections had shown widespread instances of age degradation. Some equipment 
used at the plant had been out ~f production s 
~~~~~t to obtain. TRe licensee mncluded tha 
and control systems 
maintenance. This 
potential availability gain. 

and spare parts were increasingly 
aation of the reactor protection 

result in a r ~ ~ ~ c t ~ o n  in time spent far equipment repair and 
WQUM enhance equipment r ~ ~ ~ ~ ~ ~ ~ ~ t ~ ,  thus providing a basis for 



4. INSTRUMENTATION AND CONTROL MODULE, CATEGORIES 

The six I&C modules in this study are generically represented by several 
manufacturers each of which produces several distinct models. Each of the six categories 
consists of many different models but all of a singular kind. As such, each category is 
identified by the general descriptions in the following sections. Definitions in italics were 
taken from the Instrument Society of America (ISA) "Pressure Instrumentation 
Terminology," ISA-SS 1.1 .% 

4.1 INDICATDRS 

Instrumenr; indicating a measuring instrument in which only the present value of the 
measured variable is visibly indicated.= 

Indicators are modules that associate an input quantity to a measured variable in 
some directly observable fashion. Indication implies a representation to the eye from 
which the mind infers either an individually distinct state or, in most instances, a quantity 
in which it is interested. This magnitude of measurement can be conveyed to the eye 
either individually by a digit, by a combination of digits, or on a graduated scale on which 
digits are shown in a logical sequence (Figs. 4 ,143) .  In the latter case, a movable 
reference such as a pointer is required to indicate the digit of interest on the scale. In 
general, indicator scale markings may be arbitrarily placed without regard to degrees, 
inches, or any other measure of positions. 

Fig. 4.1. BLH Electronics digital transducer indicators Source: Photograph 
provided by the Tennessee ValIey Authority. 
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Fig. 4.2 Westinghow indicators: level, demand, and pressure. Source: Photograph 
provided by the Tennessee Valley Authority. 

Fig. 43. A variety of dial, vertical, and digital indicators. 
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Analog instruments use one physical variable (e.g., angular position, color, 
brightness) to indicate another (e.g., temperature, flow rate, neutron flux level), whereas 
digital indicators present the readout in numerical form. Analog instruments are often 
preferred to indicate a measured instant of a physical variable that is likely to have sudden 
quick changes. Numerical readouts are called for when a quantity is to be counted. For 
example, an automobile speedometer is usually configured as an analog indicator of 
instantaneous speed, whereas mileage traveled is digitally shown on a counter (odometer). 
Likewise, a flowmeter customarily uses analog indication for the rate of flow, while the 
total quantity of fluid having passed a given point is usually indicated numerically on a 
separate counter, even though a somewhat complicated conversion by an integrator is 
required. Digital indicators are available for the readout of almost any variable: 
voltmeters (including panel meters with gaseous numerical display devices); thermocouple 
thermometers; indicators of pressure, load, strain torque, or p H  oscilloscopes; and 
stroboscopes are a few common examples. 

4.2 SENSORS 

1. Transducer: an element or device which receives information in the form of 
one physical quantity and converts it to information in the form of the same or 
another physical quantity. 

2. Element, sensory: the element direct& responsive to the value of the measured 
variable. 

3. Element, primary: the system element that quantitatively converts the measured 
variable energy into a form suitable for measurement.38 

A sensor then is the module that measures directly the process variable and 
produces an output signal or indication proportional to the measured variable. Sensor 
output signals must be accurate and up to date for the safety-related systems to perform 
properly. Sensors are exposed to the harshest conditions and process disturbances of all 
I&C modules. During normal plant operation, sensors are exposed to a variety of 
conditions that can cause performance degradation over time. Their inaccessibility during 
plant operation severely restricts the times that many of these modules can be serviced 
and repaired. Hence, the failure rate per module can be expected to be high in relation 
to the other five modules in this study. 

An example of a simple sensor is a thermocouple for measuring temperature. In 
the thermocouple, the temperature difference between the hot junction and the reference 
junction creates a dc voltage directly proportional to the temperature difference. Some 
other sensors are resistance temperature devices (RTDs), strain gauges, resonant wires, 
piezoelectric devices, variable reluctance devices, capacitive elements, Bourdon tubes, 
and linear variable differential transformers. Two different RTDs are shown in Figs. 4.4 
and 4.5. 
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Fig. 4.4. Resistance temperature device sensor. 

Fig. 45 Weed resistance temperature device. 
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4 3  CONTROLLERS 

Controller: a device which operates automadcally to regulate a controlled ~ariable.~' 
Another ISA proposed definition is that a controller is a device that compares the 
value of a variable quantity or condition to a selected reference and operates in such a 
way as to correct or limit the deviation.% 

Many industrial processes require that certain variables such as flow, temperature, 
level, and pressure remain at or near some reference value, called a set point. The device 
that serves to maintain a process variable at the set point is called a controller (Figs. 4.6 
and 4.7). The controller looks at a signal that represents the actual value of the process 
variable, compares this signal to the set point, and acts on the process so as to minimize 
any difference between these two signals. This control function may be implemented by 
using pneumatic, fluidic, electric, magnetic, mechanical, or electronic principles or 
combinations of these. 

systems. Controllers now offer computer and other unique control capabilities that had 
previously been impractical. In this respect then, input signals, power supplies, and 
operational environment are more important than for the other I&C modules. Controller 
modules follow indicator modules in the replacement activity for I&C modules. 

Controllers are the command centers that determine and set the action for the I&C 

Fig. 4.6- Eolxboro set-point level controllers. Source: Photograph provided by the 
Tennessee Valley Authority. 
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Fig. 4.7. Set-point differential pressure controllers: General 
Electric (top left and center), Foxborn (bottom center). Source: 
Photograph provided by the Tennessee Valley Authority. 
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4.4 TRANsMrITERs 

Transmitter: a transducer which responds to a measured variable by means of a 
sensing element and converts it to a standardized transmission signal which is a 
function only of the measured variable.38 Another ISA proposed definition is that a 
transmitter is a device which receives an analog signal and converts it into a suitable 
input signal to a controller. The transmitter module can, optionally, include a primary 
sensor. 38 

Pressure transmitters provide important signals that are used for control and 
monitoring of the safety of nuclear power plants (Figs. 4.8 and 4.9). Depending on the 
plant, 50 to 200 pressure transmitters may be in the safety system, with newer plants 
having the greater number of transmitters. Aging affects the performance of these 
transmitters, and temperature is the dominant stressor in most cases. 

for measurements of pressures from a few inches of water to about 3000 psi. The 
transmitter usually converts the sensed pressure to a proportional voltage or current 
signal. Two types of pressure transmitters are found in safety-related systems in nuclear 
power plants: motion balance and force balance, depending on how the movements of the 
sensing element are converted into an electrical signal. 

In motion-balance transmitters, the displacement of the sensing element is measured 
with a strain gauge or a capacitive detector and converted into an electrical signal that is 
proportional to pressure. An example of this type of transmitter is one that consists of an 
oil-filled cavity with a capacitance plate as the sensing element. As differential pressure 
changes, the capacitance of the sensing element changes accordingly. This capacitance 
change is measured, amplified, and linearized by suitable electronics to provide the 
transmitter output. In force-balance transmitters, a position-detection device is used to 
establish the displacement of a diaphragm bellows or a bourdon tube resulting from 
pressure change, and a restorative mechanical force is then generated to null the 
displacement as it develops. A feedback control system uses the displacement signal to 
control the force and simultaneously provides an electrical signal that is proportional to 
pressure. The electrical signal is then transmitted to a remote location where the signal is 
displayed on a visual indicator, used as an input to a signal conditioning device or a trip 
unit that changes state at a predetermined level, or used as an input to a controller. 

Transmitters are subjected to aging stressors from misapplication, poor 
design/fabrication, testing and maintenance practices, their environment, the process they 
are monitoring, and their electrical power supply. Under normal plant conditions, the 
environmental stressors are temperature, humidity, and radiation. Nuclear application 
transmitters are sealed for design-basis-accident (DBA) environmental steam conditions; 
therefore, normal environmental humidity should not pose a problem. However, when 
that occasional steam line leaks, fire sprinklers actuate, or compartment flooding occurs, 
nearby equipment is likely to be adversely affected and the remaining service life becomes 
questionable. Elevated temperatures and radiation may also affect the environmental seals 
and the electronic subassemblies over time. Instances have been noted where ambient 
temperatures have been elevated over prolonged periods, causing seals to harden, crack, 
or take a set, thus allowing moisture to enter even during normal plant service. 

Nuclear plant pressure transmitters are complex electromechanical systems designed 
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unt pressure transmitter- 
Response Time of Nuclear 
EG/CR-5383, U.S. Nuclear 

Regulatory Commission, June 1989, p. 13, Fig. 5.3. 
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Stresses from transient process overpressure conditions such as water hammer may 
cause significant zero shifts in the sensing element or mechanical linkages within the 
transmitter mechanism. Normally, these zero shifts can be removed by recalibration. 
However, recalibration is usually not possible for in-containment devices during periods of 
reactor operation. 

Pressure surges may occur when a transmitter is valved in or out of service if the 
valving operations are not done in the proper sequence. For many applications, this 
condition would cause the sensing cell to be forced out of its calibrated span and could 
cause a calibration shift. In general, this shift would be correctable during the next 
calibration and would not cause permanent damage to the transmitter. Calibration shift 
may be caused by stresses on the transmitter from system conditions and personnel errors 
and could be indicative of gradual aging-related deterioration of the transmitter 
components such as loosening or wear of mechanical components in force balance 
transmitters or aging of electronic components such as capacitors in any type of 
transmitter. Temperature and radiation conditions approaching DBA levels impose severe 
stresses on transmitter electronics. Calibration shifts may also occur if the transmitter is 
calibrated at one temperature and operated at a significantly different temperature, 
temperature being a stressor. 

rate faster than the manufacturer’s specifications would normally indicate. Adverse effects 
from aging stressors develop over time and, therefore, are often mistakenly reported as 
random failures. A tracking of maintenance records and a noting of repair and calibration 
trends are needed to justify replacing the suspected transmitter before catastrophic failure. 

Failures due to these degradation stressors are not always prompt but progress at a 

4 5  ANNUNCIATORS 

Annunciators provide the operator with a visual or an audible indication that a 
quantifiable limit has been reached (Fig. 4.10). Warning lights indicate to an operator 
that a certain potentially dangerous condition exists within a process. The literature 
contains little to document the development of current industrial annunciator systems. 
The term drop was initially applied to individual annunciator points in process applications, 
from which we may infer that annunciator systems developed from paging systems of the 
type used in hospitals and from call systems used in business establishments to summon 
individuals when their services were needed. These systems consisted of solenoid-operated 
nameplates that dropped as a result of gravity when de-energized. The drops were 
grouped at a central location and were energized by pressing an electrical push button in 
the location requiring service. The system also included an audible signal to sound the 
alert. By the late 194Os, centralized control rooms were introduced from which the plant 
could be remotely operated. A drop-type annunciator could be used in these general- 
purpose central control rooms. However, more compact, reliable, and flexible 
annuncia tors were subsequently introduced. 

In the early 195Os, the plug-in relay annunciator was developed. Instead of 
solenoid-operated drops, it used electrical annunciator circuits with small telephone-type 
relays to operate alarm lights and to sound a horn when abnormal conditions occurred. 
The alarm lights installed in the front of the annunciator cabinets were either the bull’s- 
eye or backlighted nameplate type. The annunciators were compact and reliable, and 
because of the hermetically sealed relay logic modules, they could be used in certain 
hazardous areas in addition to the general-purpose control rooms. Miniaturization of 
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Fig. 4.10. Annunciator panel for reactor protection and safeguards. Source: Photograph 
provided by the Tennessee Valley Authority. 

instruments and the use of graphic control panels initiated the development of remote 
annunciator systems consisting of a remotely mounted relay cabinet connected to alarm 
lights installed at appropriate points in a graphic or semigraphic diagram. 

the late 1950s. These systems permitted additional miniaturization and lowered both the 
operating power requirements and the heat generated. The semigraphic annunciator was 
introduced in the late 1960s and fully used the highdensity capabilities of solid state logic. 
It has permitted compact and flexible semigraphic control centers. The trend toward 
additional miniaturization is the result of the greater availability and reliability of 
integrated circuit logic components. 

Solid state annunciator systems with semiconductor logic modules were developed in 

4.6 RECORDERS 

Instrument, recording: a measuring instrument in which the values of the measured 
variable are recorded.% 

A recorder is an instrument module that produces a trace of an input signal and 

The process variable actuates a recording mechanism such as a pen, which moves 
provides a permanent, reproducible copy of that process signal (Figs. 4.11 and 4.12). 

across a chart. The chart moves constantly with time. These two motions produce an 
analog record of variable vs time. Any point on the continuous plot obtained in this 
manner can be identified by two values called coordinates. Several coordinate systems are 
in use, but Cartesian coordinates are most widely encountered. 



34 

Fig. 4.11. Leeds & Northrup and Fwher & Porter strip 
recorders Source: Photograph provided by the Tennessee Valley 
Authority. 
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Fig 4.12 Westinghouse (bottom center) and two Foxborn (bottom left) strip recordem 
Also shown on top are vertical indicators for pressure and level. Source: Photograph provided 
by the Tennessee Valley Authority. 

The shape of the chart provides a primary means of classification into (1) circular 
charts and (2) rectangular charts, in sheet or strip form. Strip charts can be torn off and 
can be stored in rolls or folded in Z folds. Strip-chart lengths vary from 100 to 250 ft 
(30 to 75 m). 

or temperature vs pressure. Either the chart is stationary and the scriber is moved along 
both the abscissa and the ordinate by the two signals or the chart is moved in one 
direction while the stylus slides on an arm in the other direction. Combination function 
plotters, called X-Y-Z recorders, allow the pen to be driven along either axis at a constant 
speed, thus making recordings of X vs Y, Y vs T, and X vs T possible. Recorders with the 
three independent servo systems allow the recording of two variables against a third. 

require transducers to obtain an analog plot. Likewise, digital recorders can be provided 
with analog-to-digital conversion and conventional digital printout. 

When several variables are to be recorded on the same chart, such as several 
temperatures from thermocouples in various locations, multiple recorders are used. 
Circular chart recorders can handle up to four variables, whereas strip chart recorders 
handle as many as 24 to 36 measurements. To identify each variable, symbol or numerical 
coding or color printing is used, as well as full digital alphanumeric printouts on chart 
margins. 

With X-Y recorders, two variables are plotted simultaneously, such as stress vs strain 

The signals entering the function plotter can be analog or digital. Digital signals 
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With the advent of microprocessor technology, multivariable recorders have become 
available. These allow recording a multitude of variables such as flow and an associated 
temperature and pressure. Likewise, for comparison of several variables on the same time 
scale without the line crossing or overlapping, multichannel recorders are available. 

Operations or event recorders mark the occurrence, duration, or type of event. 
They record multiple incidents such as on-time, downtime, speed, load, and overload on 
the chart. The records that are produced are usually in the form of a bar, with 
interruptions in a continuous line indicating a change. Microprocessor technology allows 
scores of points to be scanned every millisecond, with high-speed printouts made for the 
events that occur. 

High-speed recording is achieved by combining electronic readouts with electrostatic 
printing. As many as 1 M characterdmin can be recorded in this way. The high-speed 
digital recorder may be best suited for electric power generation. 

Magnetic recording on tape is used frequently to store information. Material can be 
stored in either analog or digital form. 

Videotape recording is similar to magnetic tape recording, with the additional 
feature of reproducing both picture and sound. Industrial applications are found in 
closed-circuit television. 

indicators, controllers, annunciators, and recorders. 

Digital recorders print the output of electronic equipment on paper in digital form. 

Figures 4.13 and 4.14 are photographs of control room panels showing a variety of 

Fig. 4.13. Control mom panels showing indicators, annunciators and alarms, controllers, 
Source: Photograph provided by the Tennessee Valley switches, and strip recorders 

Authority. 
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Fig. 4.14. Control mom panels and COIISOI~. A variety of indicators, controllers, 
annunciators, and recorders as well as several cathode-ray-tube display monitors are shown. 



5. OPERATINGEXPERIENCES 

This section examines the aging-related failure data from the LER national database 
for the six I&C module types over the period 1984-1988. A structured search of the 
SCSS database was completed by using the name of the module category as a keyword for 
each of the six categories. The abstracts of LERs retrieved by these searches were 
reviewed to determine which events were aging related. Those reports that were 
determined to be aging related were then added to the database constructed as a tool for 
this study. By using this database, the events were first sorted by year of occurrence 
@e., 1984-1988), then sorted chronologically by the operational age of the plant where 
the occurrence took place. The data were normalized for each year of occurrence, 
1984-1988, by dividing the number of events in each plant age category by the number of 
operating plants of that age. This computation provides a failure rate vs plant age. 
Failure rates were also determined for the entire 5-year period by dividing the total 
number of events for each given plant age category over the 5-year period by the total 
number of plant years of operation contained in that 5-year period. Appendix C gives an 
example of how this was done for the indicators module category. Data summaries and 
accompanying plots for each of the six I&C module categories are also included in 
Appendix C. 

Aging-related failure data can be represented in various ways, but in this study, 
three basic patterns were hypothesized to exist (see Fig. 5.1). The first pattern, designated 
Type I, begins with an initially high failure rate that rapidly decreases before leveling off 
as the module gets older. This pattern is typical of most modules that suffer infant 
mortaZity or burn-in problems early in their service lives. The second pattern, Type 11, has 
been postulated for a module having a service life that is shorter than that for the plant 
and, consequently, is required to be replaced at least once during the plant lifetime. Like 
the Type I pattern, a Type I1 curve also shows an initial high failure rate, due to infant 
mortality, that rapidly decreases. In the second case, however, following the rapid 
decrease, the failure rate increases again steadily before decreasing a second time (see 
Fig. 5.1). This second rise in the Type I1 pattern could be due to a module’s reaching the 
end of its service life and consequently being replaced by a new or refurbished unit which 
then undergoes its own burn-in and infant mortality phase. The third pattern, Type 111, is 
typical of modules with failure rates that are so low that accurate conclusions cannot be 
drawn from the data. A Type I11 pattern is noisy and appears random because of a very 
small number of reported failures, which results in low failure rates. 

5.1 INDICATORS 

Of the six I&C modules studied, indicators appear to have the highest rate of aging- 
related failures per plant per year (see Fig. 5.2 and Table 2.2). Indicators in the mild 
environment of the control room receive frequent operator attention during each shift 
becabse of the necessity to observe plant operations and record the routine process data. 
However, many other indicators are installed on panel boards outside of the control room, 
a harsher environment without the continual attention of operators. This may explain the 
higher rate of aging-related failures reported for indicators. 

38 
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2% structured search of the LER database retrieved B 7  f a h e  events for indicator 
modules, of which 220 were judged to be aging related. 'The indicator module category 
represented 35% oE all aging-rclated evcrxts reviewed and about 1.6% of all the LERs 
written during this study period. The plot of the amsrmalized failuse rate data in Fig. 5.2 
suggests; a Type I pattern with an evident infant mortality or burn-in period during the 
first couplc of years. average failure rate calculated by dividing the total number of 
aging-related events 5220) by the total number of plant-years (471) i s  0.47 aging-ielated 
failures per plant-year, or one indicator module aging-rehtcd failure per operating plant 
every 2.1 years. 

The indicator module data summary reveals some insight as to the sharp changes in 
failure rate around plant ages ten and nineteen (see Appendix C, Table C.1). The peak at 
plant age 7 years in 1985 is due to two aging-related failures in the single 7-year-slid plant 
operational in 1985 (see Appendix C, Fig. (25). T h i s  same plant ~ I S Q  exqxxiencd three 
failures in 1986, five failures in 1987, and threc failures in 19854 when tlae plant was 
10 years old. T h i s  explains the shifting pcak for the successive annual event profiles (see 
Appendix 11, Figs. C.5 and C.4) from plant age 7 years to plant age 10 years and therefore 
the peak around plant age LO years in Fig. 5.2, Similarly, two aging-related events in the 
single 18-year-old plant in 1985 and three cvents in the same plant the following year at 
age 19 years account for the peak a r ~ u n d  age 19 yeairs in Fig. 5.2. 

The safety-related systems had a relatively low percentage of the number of aging- 
related indicator module failures reported in this study when compared to the number of 
similar failures for other systems (see Tabk 5.1). The results from this study of operating 
experiences for indicator modules indicate that no apparent aging-related problem exists 
that was or could be; affecting indicator modulc perfnrmancc in safety-related systcms. 
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is more difficult, 
database retrieved 424 failure events for sensor 

This represented about 32% of 
LERs witten d ~ r ~ ~ ~  this 5-year 

modules, of wbich 198 were judged to be aging rela 
all a ~ ~ ~ g ~ r ~ ~ a ~ ~  events reviewed and a h a t  1.4% o 
period. As with the indicator moduBe category, the 
sensor mduks also appears to conform to a typical 
The curves fur the sensors module annual data for 1 

ailized failure data for 
module pattern (see Fig. 5.3). 
ougb 1988 are shown in 

tabas6 data sh~wed that a lar percentage of the aging- 
related sensor faillures were due to todc gas anal 
sensors (Table 5.2). An average failure rate calc 
~ g i n g - r e ~ ~ ~ ~  events ( 1 
failures per plant-year, o 
every 2.4 years. 
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Another NPAR 
erature devices (R 
39 Tihesemdul tion of 21 vendors. Table 5.3 is 

that report and shows that aging-related muses a ~ o ~ n t ~  to 40% of the 
with ~ o m ~ ~ n e n t  faults and personnel error accounting for 53 and 7% res 

DS data for 315 failures of ra isbnce 
particular kind of sewor, failures for the period 1974 to 

at a subset OC the 498 aging-relate 
due to sensing lines. As might be 

e ~ ~ t ~ ~ e n t a t ~ o n  
blockage dominated 

ata reviewed for 

pressure and are at the lower end of the tally. The results from this study of operating 
experiences for sensor modules indicate that no a p ~ ~ e n t  aging-related problem exists that 
was or could be affecting sensor module performance in safety-related systems. 

r a b u t  75% of the problem in 
H&C system were represented 

ESF system are represented 

Controller modules, subjected bo more intense testing because of their central 
function in the I&G system control loop, represented an even smaller fraction of all aging- 
related failures than did either the indicators or sensors. A structured search s f  the LER 
database retrieved 387 f d u r e  events farr contr uiles, of which 185 were judged to 
be aging re1 representeal. 17% of al vents reviewed and about 
0.8% of all itten during this study rage failure rate calculated 
by dividing the total ~~~~r of aging-relate 
years 
relate re every 4-6 years. 

5) by the total number of 
b 0.22 aging-related failures per plant-year, or one mntrolkr module 

Tthc plot of the ncxmalized failure da 
with an infant ~ ~ r t ~ ~ i t ~  pe 

roller modules has an apparent 
a seesrid period of higher 

failure rates around plant age 1Q years (see Fig. 5.4). It should 
the peak at ~ ~ ~ n t  age 9 years of Fig- 5.4 is due largely to the fa 

plant o ~ e r ~ t i o n a ~  in I987 (see Table C.3 in Appendix G; the annual data curves 
rough 1988 are also shown in Appendix C, Figs. C.13 and C.14). Neglecting 

nts at plant age 9 years, the composite curve of Fig. 5.4 would still maintain 
attern. The predominant rise in failure rates occurring around plant age 

be representative of an -10-yeas service life of 
Aging-related controller failures were reported in ten d 

cal eontroller module. 
t plant systems, with 

the most often reported system being the auxiliary feedwater system. Table 5.4 gives a 
breakdown of these ten systems with their respective percentages of the number of 
module faiiures. Safety-related systems represented ~ e ~ ~ t i v e ~ ~  few events. The results 
from this study of operating e v i e n c e s  for controller modules indicate that no apparent 
aging-related problem exists that was oar could be affecting controller module performance 

5.4 

A structured search of the EER database retrieved 2 failure events for transmitter 
modules, of wbich 79 were judged to be aging related. These represented 12% of all 



Number of 
cause description reports 

Circuit defective" 

Open circuit" 

Normallabnormal w e d  

Out of calibrationb 

Shortlgrou nded" 

Chmection defeclive/lePose parts' 

Agingqck fatigueb 

Abnormal stressb 

Previous repair/lnstallatian statusc 

Incorrect actionC 

Corrasio flb 

Insulation breakdownb 

68 

54 

41 

36 

34 

31 

26 

15 

13 

12 

11 

11 

Clmbined categories: 
'Resistance temperature device OF circuit: 2x)8 reports. 
bAging related: 159 reports. 
'Personnel related: 29 reports. 
S o m e :  Adapted from Aging of Nuclear Plmt Resis tme T e m p r m e  Detectoi-5, NUREG/CK- 

5560, Nuclear Regugulatsry Commission, June 1990. 
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transmitters and concluded that the major eomquea%cxs of the stresses d~ 
transmitters are calibration shifts. The rawlts from this study of operati 
transmitter modules indicate that no other aging-dated problem exists that was or could 
be affecting the performance of transmitter moduh in sakty-related systems. The study 
indicated that transmitters are relatively stable d~vices under normal power operations and 
illustrated the kncfits from a prevailing practice in the industry o€ replacement before 
failure. 

Malfunction of anmaaciakors is quite apparent (especially the visual units), and at 
the first indicatiorn s f  a maifunction, service is applied (lamps tested or changed out) by 
the operator or maintenance is ordercd. how eve^, unhms such mairntemmce is the result 
of ih safety-related event or the anaaunciatza itself causcrs such an event, the only records 
available are in the plant mainteiratice log books. Whcn om considers the hiandreds of 
annunciators in a typical plant and the sparsity of aging-related operating experiences 
reported in LERs, one can easily surmise bhst early detection by the operator is a 
principal reason for the scarcity of aging-related evcnts in the national database. The 
structured search of the LER database retrieved 101 failure events for annunciator 
modulesi, af which 1’7 were jv-idged to be aging rclatcd. ‘Ihese represented 3% of all aging- 
related events reviewed and about 0.1% of all the LEWs written during this study period. 
Tlre n o r m a l i d  failure data are plotted in Fig. 5.7 and show a Type 111 pattern. ‘I’he data 
were sparse and randtmly distrihaated throughout the study period (see Table C.5 and 
Figs= C.19 through C.22 in Appendix &‘I. The random distribution of the data might best 
be attributed to the prompt if not constant attention given t~ thesc: modules by the 
operators, resulting in miiish prevmtive maintenance (PM> st=rvicc- Proper PM can 
prolong the semicx life of annunciators to approximately that of the plant; therefore, 
aging-related failures a x  i~dmal randtrm, However, it i s  ’likely that during a control room 
ridesign or  as part of a licensing renewal effort, many of these wiadiiles would be replaced 
as part of an updating process. A failure rate calcmlatcd by dividing the total number of 
aging-related events (17) by the total nmmber of plene-years (4‘71) is 0.04 aging-related 
f a i 1 1 ~ 1 ~  per plant-year, 01 one annunciator module aging-related failure per operating 
plant every 25 years. 

module aging failures by plant systems. The results from this study of operating 
expxiences for annunciator modules indicated that no apparent aging-related problem 
exisls that was 01 could be affecting annunciator module performance in safcty-related 
systems. 

Table. 5.6 was constructed from this study’s database and lists the annunciator 

Mu& the samc cam be said for recorder mc9duks as was said for annunciator 
modules, These modules are referred to several. times every shift and, consequently, 
sewice i s  prompt- henceF,, the rrlaativvely Bow rate oE aging-related failure data (see 
Table C.6 and Figsa C.23 through G26 in Appemdk C>. The normalized failure data 
plotted in Figure 5.8 show a Type XI1 pattern and arb: not sufficient Lo hypothesize the 
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Table 5.6. Annunciator d u b  aghg fdures by plant system 

System Module failures (%) 

Feedwater 21 

Nuclear 17 

Reactor cooling system 12 

Radiation monitoring 12 

Reactor core isolation cooling 5 

Reactor water cleanup 5 

Others 28 
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circumstances of failure. The mere frequently idantifie systems involved in the reports 
for aging-related recorder failures are listed in Table 5.7, where no ESF system was 
identified. 

0.1 6 

g 0.1 

0 

......................................................... 

......................................................... 

......................................................... 

......................................................... 

............................................................ 

............................................................ 

......................................................... 

-*+-J-+I-)I-$-+ 
) 2 4 6 8 10 12 14 16 18 2Q 22 24 26 28 30 

Plant operational. age (years) 

failures by plant age. (1984-1988). 

Table 5.7. -Rmrdes failures by plant 

System Module failures (%) 

Feedwater 38 

Turbine generator 2s 

Reactor coolant 13 

Radiation monitoring 12 

Seismic 12 
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A major portion of the operating experiences for this study were collected in 1985 
for both the LER and NPRDS databases. These experiences could be related to the 
debugging in new installations of modules and cabinets that resulted from the control 
room design reviews.% Problems associated with the design, installation, and 
implementation of the Safety Parameter Display System were also noted in the literature. 
These are not the result of aging-related module failures but are the consequences of 
actions taken in response to the aging stressor (see Sect. 3.10). 



Some significant plant experiences a b u t  aging of I&C modules form the basis for 
this section. The manifestations of these proble s, the potential consequences, and the 
approaches taken to solve the problem provide material of interest to this study. 

Elevated temperatures can unknowingly exist in inadequately cooled instrument 

ati-ng stressor was ideiratifid. The atmosphere in l&C cabinets exhibits 
ambient) temperature due to the heat generated by e~xkdponents inside. 

cabinets, and a pattern of cornpncnt failures had to be recognized before the effect of 
the 21 
eleva 
Inadequate ventilation exacerbates the tcmperature buildup. This heat can af€ect 
insulation resilience and can cause bcariang lubrication h i ~ d d o ~ t ~ ,  wear aut of mechanical 
components, and set-point drift. The temperatures eqcsienced by elcctaonic mmponents 
in inadequately ventilated cabinets can be much higher than both the ambient room 
temperature and the temperature within the cabincts and can. exceed the design limit for 
some of the components in the cabinets. Deterniraiaag that elevated r w m  temperatures or 
instrument cabinet internal temperatures is the root cause of the failure of s ~ m e  
electronic compnessts ban; not becn immediate car easy. For example, some licensees 
experienced several failures over an extended period during which time many corrective 
actions were attempted before identibng rheating of cornyonen& as the underlying 
reason for many of thc failures they had ienced, Con€ormance with regulatory 
requirements regarding equipment environmental qualification has been assumed because 
these instrument cabinets are normally located in areas classifTed as mild environment. 
Hence, consideration of aging has, in general, not been considered for these cabinets and 
their components, IJsualIy, even when elevated ambient temperature and/or inadequate 
coaling was eventually established as the principal root cause of many of the electronic 
component failuresy several years of review were involtcd bcfore the cause was 
determilied and corrective action programs atablished. 

Elevated temperatures inside I&C control rooin cabinets that went undetected by 
plant perssmncl acmlerated the degradaticm of kat-sensitive components. The 
unexltp~kd failure of the mmponerits perturbed an operating p l a r ~ t . ' ~ * ~ ~  Measurements 
taken inside the cabinets revealed temperatures 23-29"C (42-52OF) above the control 
r a m i  ambient ten1p3erature.l~ Fo~~owing this finding, airflow in the control area ventilation 
system was rebalanced to provide additional. cooling to the cabinets. In the five years 
preceding thL event, 35 card failures had bcm experienced. During the fallawing five 
months, an additional 13 cards failed, indicating that degi adation of coniyonents in these 
cabincts was morc widely distributed than had been thought. Elevated temperatures set in 
motion a degradation process that continues after the problem is  corrected, as illustrated 
by these events, Thcrcbore, other hcat-sensitive components that were not replaced can 

cted to have a shorter than normal sewice Me- 
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cabinet temperatures; however 
temperatures was given in the 
these rclays that are in safety-related a ~ ~ ~ ~ ~ ~ ~ ~ n s .  

plant noted that the average 
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.-I 

(All values are in years.) 

I__- --- I&C module --.-- 

Predicted life Revised life ~ ~ ~ a i ~ ~ ~ ~  life 
at 4 9 T  (12oY7 at 65°C (150°F) at 65°C (1SO~IF) 

Rosemount pressure transmitter 10 2.3 0.25 

Acaastic monitor preamplifier 4 1.04 0.4 

High p i n t  vents solenoid valves >40 6.0 2.2 

Rosemount hot leg KllY > 40 > 40 27 

Reactor vessel level detector 30 38 29 

Acoustic monitor sensor > 40 > 40 33 

Conax hot leg R'KY >41) > 40 38 

Radiation monitor >40 > $0 40 

"Ita?) = resistance temperature device. 
Source: NKC Inspection Report, Arkansas Nuclear One, IJnit 1, 50-313/$7-29, U.S. Nuclear Regulatony 

Commission, Dec, 12, 1987. 

actually prevailing, and thc Me remaking at the higher t c rnpera t~res .~~ Consequently, the 
replaccment dates for some modniles were advanced, and for others, replacement took 
place at the next rcfueling outage. The ticensees were requested to make a temperature 
survey of their containment areas. TIX major findings are given below.s2 

m Some prasurized water reactors (PWRs) experienced high 
containnient temperatures, but the licensees failed to recognize the 
safety significance and take corrective actions. 

Areas were found in some plants whb~re the local ambient 
temperature exceeded that spccified for the equipment qualification. 
Hot spots existed even when the area temperature, as measured by a 
limited number of semoirsi was lower than the maximum specified in 
the qualification report for the equipment. 

Such modules that ~ o u l d  he af€ectcd are (1) S C R S O ~  for flow, level, 
pressure, and temperature; (2) valve operators and limit switches; and 
(3) pressurizer relie€ valve positions and relief flow monitors. 

On December 23, 1987, NRC issued an Information Notice alerting all licensees to 
the potential problems resulting from operating a piant beyond its analyzed basis?3 

High-temperature reactor cooling water sometimes ina crteestly backflows. 'This 
flow raises the temperature of associated piping, and the ambient temperature exceeds the 
qualification temperature for local T&C modules.. Therefme, other plant systems to 
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monitor for acceaer 
and the e~~~~~~~ 

piping t ~ ~ ~ e r a t ~ ~ ~  to 
structural ~ ~ ~ o ~ e n ~  racking of X&C 
maintenance records for flow, pressure, an 
an accelerated aging 

tern, Several occurrences 
at one plant, causing system 

age to mechanical and 

could determine whether 
experience, could indicate when 

4 3  P e 
An example (PE aging amelcrated by temperature and pressure was the w e  for some 

~ ~ f f ~ ~ e n t i a ~  p a w r e  transmitters ~ a ~ u ~ ~ ~ ~ u ~ e ~  by Rosemount, Inc.. 
wadd not maintain their c ~ ~ b ~ ~ t ~ ~ ~ ~ ~  One problem occurred when 

to exmsive 4 w  sure cloy reverse am  the^ example was when 

.59 This condition would result in reduced performance prior to a detechble 

r attempts to recalibrate failed, 
turer far analysis, where the 
(gradual Boss of fluid) in the 

rafure far the t r was elevated above the 

rfoflrmance xnan&!Ste 
increase in respa 

output shift, or as an altered 

transmitter sensing unit. 

ah ~ ~ g ~ t n ~ ~ ~  strikes the electric grid, an area near 
, the: design of thc electrical power distribution 

as the induced impulse voltage. However, 
vemt protective devices and traverse other 

uch instances, the consequences have ranged from 
~ e r t ~ r ~ ~ t ~ ~ ~ ~  of normal plant operations to a system disturbance involving catastrophic 
failure of some equipment. 

A recent example illustrates how the grounding system caused I&C nidules 
important to safety to be stressed by apearby lightning strikes. A reactor trip and damage 
to plant ~ ~ t r u ~ e ~ t a ~ i o ~  occurredl when a lightning strike to the containment building was 
a ~ ~ a r ~ n t ~ y  conducted to ~~0~~ t ~ ~ o ~ ~ ~  the ~ ~ t a i n m ~ ~ t  ~ e ~ e t r a t i o n s . ~  The induced 
potentials in the cables passing th glh these penetrations were high enough to damage 
many modules in both safety-reh ystem and the b a ~ ~ n ~ e ~ o ~ - ~ ~ a n t  instrumentation. 
Several failed ~ a t ~ t r o ~ ~ ~ c a ~ l ~ ,  a ny more were ~ ~ d o ~ b t ~ d ~ ~  stressed. Similar cases 
are described in references 61 through 65. ese cases definitely show lightning to be a 
stressor and as such to have an adverse effect on the environmental qualification and 
useful service life of I&C modules. 



The problems treated in this report can be diagnosed at various levels ranging from 

ards. In the middle of this range are the basic components and their clustering 
ment modules. Unfortunately, failures are often analyzed at only these 
te component levels in . Thus, it is often difficult to determine the root 

causes for aging-related failure b events are not examined at a sufficiently law level. 
Also, no information would be given as to whether the p b l e r n  was aging related unless 
correlation of the event with a stressor happens to be possible and happens to be written 
into the failure report. 

Analysis of instrument failure databases has been reported to be difficult by 
previous a~~~~~~ This is still found to be the case here, especially when the interest is in 
aging phenomena. Interestingly, the difficulties cited For the LER data collection system 
in the 1970s still exist today.66 

the system and its interface with the operator to the microstructure of components on 

a Incomplete information stems from ~ ~ ~ u n i ~ o r ~ ~ t i ~  in reporting. 

Incipient failure detections of importana to aging are sometimes not reported. 

Evolutions in reporting requirements influence mnsistensy. 

T h i s  investigation bears out the findings of previous investigators. 

Major existing databases have shortcomings in trackin I&C module aging. 

A primarily regulatory tool cannot give the type of statistically reliable 
engineering information desired in aging studies, although qualitative 
information obtained can be useful. 

Today’s nuclear power plants in the United States are still using I&C technology 
that was available in the 1968s, despite remarkable improvements in this technology that 
have increased reliability, performance, and maintainability at a reduction in cast and 
physical size of equipment. The result has been a critical shortage of replacement parts 
for I8C system and ~ ~ ~ ~ ~ t ~ ~ ~ ~ y  more important, a loss of the supporting infrastructure. 
Many parts necessary for repair of equipment still being used are no longer available or 
arc available from only a single source. This problem of technological obsolescence is 
addressed in Sect- 3.10. 

contribute to teehnologkal obsolescene. Methods and understanding of contra1 processes 
are also evolutionary and lead to hqxovements in technology. System performance and 
safety requirements change and mature with experience that brings about corresponding 
evolutionary changes in equipment. As this happens, equipment in place and being used 
becoma outdated. 

Maturation and change of equipment requirements over long time periods can also 
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th a lack af spare parts, camp 
tXZ that WgUk! Rot OthGIWke 

ring preventive 
nt of wmpnen$s for failure 

rematurely or perfom poorly. 
Few upgrades have k e n  made in r 

by regulatory requirement mandata, 
found in the design change d ~ ~ ~ ~ n t ~ ~ ~ o ~  at 
as c h a n ~ ~ n ~  from an anabg to a 
feedwater control system at a "bo 
of individual modules have improved ~ ~ ~ ~ o r ~ ~ a n ~ ~  

The obvious and expected direct ~ ~ ~ r ~ ~ ~ t ~ ~ n  between I&C module ~ g i ~ g - ~ ~ ~ a t g ~  
failures and the age of the plant a u l d  not 
in this study. The quantitative data wars di 

arXy d e t ~ ~ ~ ~ ~  from the available data 

" industry practice of sduies that required increased service or 
repair (when no fai failure report was reequir 

unclear history of failed modules in event reports because s f  d 
ast module ~ e ~ ~ ~ ~ e ~ e ~ ~ ~  and 



utility [e-g., NRC and the Imtitute of Nuclear Power Opcrations (INFO)] to identily and 
correct problems, Identifying, reporting, and salving plant problems has ~~~~~ been and 
continues to be a major effort. 

these corrective actions, one almast always fin s rclativclgr simple, ad hoc solutions 
(e-g., morc training or procedural change).. Prior O C C U ~ F ~ B S C ~ S  of similar problems at 
plant in question or elsewhere and unsuc~ssfual prior implementations of such so ld  
may plot be fully re gnized As a sault of this tsa 
are ~ n t ~ ~ ~ ~ ~ ~ ~  bei made at plants, thus reducing 

those identical to incidents th 
of troubllmome components before failure. ItIoweve~, this gsracticc 

Corrective actions are always takcn after an event. In reading ~ o ~ ~ ~ ~ ~ t a t ~ o A  of 

ion, fPUmerOeaS small inn 
obabilities of future 
ave already smuered. T l x  industry 

ofien goes unnaprted in the databases and mash  the areas requiring eneeal attention. 
Generic solutions that WQU~C! sirnultarmmly address varieties of problems are not 
commonly invoked.52 

Instrumentation and csiat rol systems in nuclear plants are typically prcvided with 
adjustable set points whare specific actions are initiated- Each of these adjustable set 
points is assigned a preset value. Set-point drift is the unplanned change in these preset 
vah1;3s. when the change is of sufficient magnitiade to came the set point to fall outside 
specified limits, *,he event may be classifkc! as an abnormal. occurrence that must be 
reported to NMC. A 1977 report credited set-point drift problems a.. being "influened by 
the initial selection of the instruinents, their rauge, application, calibration, operation, and 
maintenance p r o ~ ~ d u r e s , ~ ~ ~  Aging was not corasidered as a factor in either that report or a 
1974 reprL3' 
instrumentation reported the following obsemathns. 

author of the 1974 study of set-point drifts  thin safety-related 

1. Apy~r..ui-matc?y 10% of ail abnormal mxxmenccs reported by nuckas power 
plant limnsees involved urcl)hnne'-d changes in the sct points of protective. 
inst sumcnt at ion. 

2 Most reported occurrences took placx in BWRs. 

3. Pressure instrumentation accounted for most oE the set-point drifts (69.8%); 
1 1  % involved liquid level devices, and ncarrly 5% involved time-delay devices. 
Also, 12,6% of the rtported aaurrenccs involved temperature instruments; 
<0.5% involved off-gas radiation monitoring equipmentj and 11.4% occurred in 
nuclear instrumentation. 

4. All set-point drifts were discovered during routine surveillance testing [diffcrent 
from I&C failures that arc not discovered by testing (see Sect. 7.5)]. 

5. Phc most prevalent reasm for set-point drift was the use of set points that did 
not allow srafficicast margin for normal instt ument error. 
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1. Most (51.3%) of all set-point drift events occwred in pressure sensors or 
~ ~ s t r ~ ~ e ~ ~ a ~ ~ o ~ ~  

re sensors a~~~~~ 
point problems (38.7% and 

age sf PWIB and BWR set- 

th n ;wi t+~  agree that s occur in pressure &vices. 
Level indicators are the second largest 

Set-point drift is sometimcs ~ ~ ~ n ~ ~ ~ ~ y  
problem. Although modules Mrgth agi 
excessive drift probl 
problem exists. Set 
and maintenance a 
the LER database int drift. The search 

was the cause. A review and ~ n a ~ ~ ~ ~  of each event determined that of these 370 events, 

The term de$? is ofte P̂  the term aging-related. 
n of an aging-related 

more likely to have 
icate khat an age-related 
sign,  application, calibration, 

d problems. A search of 

period, where drift 

ally failed became of an a g-related problem. The data are plotted by plant 

The data show that set-point drift is not an effective indicator of l[&C module aging. 
Reinforcing this conclusion, an article published by Analog Dialogue" states "long-term 
instability (assuming no long-term deterioration of some damaged component within the 
device) is a ~ ~ n ~ r ~ ' 3  walk function; what a d e v b  did during its last 1,OOO hours is no 
euic%e to its behavior during the next t ~ ~ ~ ~ ~ ~ . ' '  It further states ". . . as a device gets 
older, the stresses of manufacture tend to diminish and the device becomes more stable 
(except for incipient failure sources)." 

7 5  e 
Extensive testing of I&C equipment is required by plant technical specifications to 

emure that I&C failures are discovered as soan as possible. The purpose of this testing is 
to minimize the time over which the plant operates with a reduced level of redundancy in 
the plant protection system. Tke potential effects of I&C failure is that either 

1. an instrument failure produces a trip signal that, in coincidence with spurious 
signals on other ~ t ~ ~ ~ n t  channels, results in a plant trip causing an 
unnecessary loss of plant a ~ a i ~ a b ~ ~ ~ ~ ~  or 

2. an ~~~~~~~t failure fails to produce a trip signal, thus reducing the redundancy 
of the protection system and, t erefore, the saEety of the system (the degree of 
decrease in redundancy is different for PWR and BWR plants). 

Testing ~~~~~~r~ ca 
failure or the effects of a& 
particular I&C system, then corrective action can be taken to prevent a failure from 

predict the ~~~~n~ of if forthcoming component 
 we^^^, if tbe test indicates marginal performance of a 

OCChlrlkg dUr@ ~ ~ r ~ t ~ o ~ "  
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Standard technical specifications for each of the major instrumentation systems 
require that operability be demonstrated by the performance of channel check, channel 
calibrations, and channel hnctional tests fop. specific plant operatin modes, Modules in 
safety-related systems arc required to be environmentally qualified nd are subjected to 
more frequent surveillance and calibration tests than are similar modeh in the balance of 
plant. In general, the instrumentation for the reactor protection system, the engineered 
safety features actuation systems, and plant radiation monitoring are to have each channel 
checked at least once cveq 12 hours, cach channel calibrated every 18 months, and each 
channel functionally tested every 31 days. For the remote shutdown and acci 
monitoring systems instrumentation, each channel is checked every 31 days and calibrated 
every 18 months. Because these are 
specifications could be expected to have more frequent tests and calibrations. 

the perbrmance of their duties. According to the findings of this report, more 
failures are discovered by operator detection than by routine surveillance testing. For 
example, in the indicators module category, many more module failures were discovered by 
operator observations (204) than by scheduled testing (28) (see Table D.2 in 
Appendix D). Only six failures were disoovered during related maintenance. For 
transmitter modules, which are not as accessible to operator observation, this finding that 
scheduled surveillance testing is not the principal means of discovery for module failures is 
again true. 

The ineffectiveness of existing surveillances in giving some indication of failures (as 
oppssd to minor drifts) has been established by earlier analyses of LERs.& In that study 

rinimum requirements, plant-specific technical 

The I&C modules also reccive. frequent casual attention by the plant operators in 
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of 977 f a h - e s  due to aging as well as other effects, the breakdown of the methods of 
discovery was 

Operating -t- Shutdown = - Total 

Other discoveries 55% 3- 17% = 72% 
Discoveries during testing 15% + 13% = 28% 

In another investigation33 based on 2795 LE& involving only drift, the results are 

abnermalities 

80% 

28% 

h o t h e r  investigation, using 1401 EER events applicable to I&C, reports similar 
~ ~ ~ o ~ ~ a t ~ o n ~ ~  A mnc~mion is that surveillance testing may detect significant degradations 
due to aging but not at incipient stages. Specifk findings were 

1 faults ~~~~~~~n~ drifts 
discovered by testing 51% 

Portion of if class made up of faults other 

Pt is ~ n c l ~ d ~ d  that scheduled surveiilance tests are not effectively detecting 
~~~~~~~~~ a ~ ~ ~ ~ ~ ~ ~ ~ a t ~  
surmise that I&C 
mo existing sirnpk surveillance test 

r these findings, one might 
re sudden than gradual, are 

me 

with surveillance and testing is ~ ~ ~ ~ t ~ n a ~ ~ .  HOW maintenance 
mage aging problems in plant areas has already received a 

ts, taken from reference 74, 
apply to P&C. 

2 Have a data ~ollt~t ion antities to detect early warnings of 

3. Understand the trends of 
failures are concerned. 

formance indicators insofar as their predictability of 
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5. Make refurbishment or replaeemesat judgments basal upon deciding what 
functional capabilities are acceptable under normal canditions and under 
accident-mitigating conditions. 

It i s  likely that the second item, though very worthwhile, could be difficult and 
might  pire re R&D, Fundamental understandings of so-called rand43~2 or spontaneous 
failures are n d d .  Currently7 these are not generally predictable except in an 
approximate probabilistic senw from itcm 4. Properly developed and span: 
and predictive maintenance can extend the aperating life of that system or cornponcnt 
beyond the original design l i fe  A basic piz;laisc is emphasizing predictive and preventive 
maintenancs over curative maintenance. Too much rnainterr mce can. actually cause 
premahire or uglne(c$ssary wear of somc components or systems; therefore, the 
developmcaat of optimal preventive maintenancc intervals is impartant. 

can proceed withut an inimcdiate obvious c€kct. 'lherefore, it 
is natural to thick of t-eendlaag as a n;oaitoring technique whcr;: the tmt data arc compared 
for changes from the original acxxptaacii: data. Such changes would indicate degradation 
or impending failure in an incipient stage bekm catastrophic failurc. Matry plants have 

The increased 3rxpIcmea.rtation d' trending techniques is due to two factors: 
(1) encouragement along thcse l i n e  from the NRC and INPO and (2) the emc of doing 

plants to implcrnent t 
example of trending 
transi-nitted' (discus 

enkd a practicz like this in their preventive maintenance pugrams in rerzwt years. 

this with the groavik,g ity of mrznputerized databases. 'T'Ris encouragement for 
is quite gea=etal regarding types of cqwipment. A specific 
Ily used i s  the discnverj of sustained drifts in Rosemount 
er in Sect.. 63) -  

Hisrtmica!ly, it is typical to use calibratioas data card files as a mechanism for 
ing, visually scanning mamial entrics far !nng-:erm effects. This apprs3ch i s  already 
ologicallgr ~bsolete, judging by approaches already in use in other industriaua. For 

example, petrochemical plants have calibration results in databases on computers, with 
computerized data acquisition during tests facilitating data 

most used is trending the results of calibrations. More complex, but potentially much 
more powcxful, is on-line multiple signal a n a l y ~ e s . ~ ' ~ ~ ~  Advantages of these methods are 
that (1) monitoring can bf; ~ntinmuous rather than at discrete times; and (2) depending on 

be obtained. Also, especially in the mwer digital circuitry, built-in self-testing can be 
essentially ongoing. 

gradual degradation. Became of this factor, systems that mmitor  voltages or waveforms 
internal to the device may not he effective in predicting imminent circuit failure. 
However, indirect monitoring sf environmental str~ssors acting an  the device in question 
may be a more suitable mcam of predicting circuit hilure:. Unfortunately, threshold 
values above which greatly accelerated aging is likely to occur are probably not currently 

Techniques for nitoring instrument condition are quite varied "fie simplcst and 

the instrument and the analysis technique, varlcties of static atid dynamic propert' xes can 

Electronic componenb and circerks tend to fail catastrophically rather than by 



are likely to be device specEc. The intensity and duration of aging 
ssibie synergistic interaction in the circuit's environment must 

Tf?erefore, for 
r aging stressors 

circuits, it may be desirable to determine 
ment a means to perform real-time 

measurement of stressors acting on the circuit of interest. 
An ~ € s ~ a ~  version of an on-line  tor^^^ rogram is actually the ongoing 

rators as they compare instaume and controllers with expected 
m. These are nst as sensitive or encompassing as 
t a c ~ ~ ~ ~ ~ s ~ i n ~  the same objective. However, human 

k s  w0dd not be found in computer algorithms. 

7.8 

licabie ta m o ~ ~ ~ ~ ~ n g  aging. These are analogous to 
ting machinery. The established 

e tests mnducte 
ffords numero 

T&C personnel right at the 
xtunities for informal inspections. 

r, both regarding stressors and their 
ce attached to observation of 

en especially in ~ a p a l a . ~ ~ . ~ '  Plants have formal, rigorously 
. ~ n s ~ ~ ~ ~ ~ ~ ~ t ~ o  reeeives its annual outage inspection 
e inspections arc as& on using diverse gpes of 
entation speeia%ists, management, and manufacturer 
require regulatory 
farmed ab levels b 

onnet involvement. The basis 
d that found in the 

, inspections of I&C ~ ~ ~ ~ ~ ~ e n t  have been understood as being visual 
t e ~ ~ ~ o ~ ~ ~ i ~ ~ l  aids. However, techniques are in limited use for enhancing 

inspections such as (3 tirned~miiin reflectometry along with impedance measurements for 
contact resistance ehangcs and infrared thermography for detection of circuit board 

temperatures. A successfui program using the first 
d on aging circuitry at Ship~ingport?~ It was concluded 

that such measurements should be integrated into PM programs. 



IONS, OBSERVATIONS, AND RE 8NS 

A study of the operating experience for six selected I&C modules (indicators, 
sensors, controllers, transmitters, annunciators, and recorders) throughout a five-year 
period, 1984 to 1988, was performed. Various operational and environmental stressors 
were identified, and the effects of aging due to each of these stressors were examined. 
The study relied on investigation of national databases and examination of the published 
literature from related aging studies. The bulk of the data was derived from LE&, whic 
by nature report safety-significant events. Limitations of the study of which the reader 
should be aware are that (1) plant maintenance records were not examined, so detail is 
lacking on most events; (2) only failures discovered as a result of safety-significant 
owurrenccs are reported in the databases used; and (3) installation date of individual I&C 
modules is not known, so module age had to be assumed equal to plant age, 

Three main conclusions were drawn from this study. 

1. I&C modules make a modest contribution to safety-significant events (see 
Sect. 2.3). 

17% of LERs issued during 1984-1988 dealt with malfunctisns s f  the six I&C 
modules studied. 

0 28% of the LERs dealing with these I&C module malfunctions were aging 
related (other studies show a range 25-50%). 

2. Of the six I&@ module categories studied, indicators, sensors, and controllers 
account for the bulk (83%) of aging-related failures (see Table 2.2). 

3. Infant mortality appears to be the dominant failure mode for most I&C module 
categories (with the exception of annunciators and recorders, which appear to 
fail randomly) (see Chap. 5). 

4. Although aging is a contributor to instrument drift, it is not the sole source. 
Drift, in the databases used for this study, was not a reliable indicator of age 
dcgrada tion (see Sect. 7.4). 

8 2  OBSERVATION§ 

Three main observations were made in this study. 

1. I&C modules in nuclear plants are replaced as often for reasons of technological 
obsolescence as for aging. This replacement practice obviously obfuscates agin 
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meat in response 
of newer ~ a ~ ~ w a r  

re pats  dictate] 
regulatory matters in the I&C arm in the years ahead than the issue of aging 
(see sects, 3.10 and TI) 

3. ~~~~t~~~ of ~ ~ v i ~ ~ ~ ~ ~ ~ ~ t ~ ~  stresso acting on the mo 
a suitable means of 
delesrnilne thresh01 
measurement of stressors acting on the circuit of interest. 

ic devices may a 
cause caf the ten 

ues for aging stressors and perform real-time 
s that monitor 

es or waveform internal to e 
ting ~ ~ ~ ~ ~ ~ n t  circuit faiiure, 

componen& 0 ca ally rather than by gradual ~ ~ ~ a $ ~ t ~ Q ~ ,  further 
d ~ v ~ ~ o ~ ~ ~ n t  e to achieve this goal (see Sect. 3.7). 

MS 
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control (I&C) msdules includes an 
from various national databases. Because utilities 
on of the total inumber of plant component 

failures ( k 9  those th 
r e ~ r ~ n t a t ~ v ~ n ~ s ~  of ensure that the 

specifications), the 

are reported are often incomplete 
inent to r e ~ i ~ ~ ~ ~ ~ t y  or  a v a i ~ a b i ~ ~  assessments 
the US. Nuclear Regulatory Commission 

(NRC)]. Key elements of ~ n ~ o r m ~ t ~ ~ n  may., in fact, be un owpb at the time of the initial 
report. 

However, the n a t ~ ~ ~ a ~  databases do 
sources for aging informat~on" First, they 
broad cross section of nuclear 
sometimes difficult to obtain. 
identify basic failure characteristics such as the ~ ~ d ~ ~ d u a ~  component that failed and the 
reason for its failure 

weabesses must be recognized. In ~ ~ ~ ~ r a ~ ~  these databases do not contain a complete 
record of all1 failures, partially because of the nature of the databases and the failures 
required to be reported. result is that failure frequencies determined directly from 
the database i ~ o ~ a ~ ~ o n  probably be lower than actual. An additional concern with 
the database information is inconsistency in the interpretation s f  codes used to report 
events associated with the failure. 

printouts are compared in Sect. A9. 

rtues that make them suitable 
amount of data representing a 

r plants. Second, the data are public, although 
, some of the data include sufficient information to 

~ t ~ o u g ~  much useful ~ n ~ ~ ~ a t ~ o ~  k available from these databases, limitations and 

Some data sources are listed below and described in Sects. A1 through A.8. Data 

Licensee Event Reports 
Nuclear Plant ~~~~a~~~~~ 
Nuclear Plant Aging Research Reports 
NRC Inspection Reports 

Electric Power Research Institute Reporls, 
Nuclear Plant Experiences 
In-Plant Reliability Data System 

C Headquarters Daily R rts and NRC Operations Daily Reports 

The @ode of Federal Regulations (10 CBX, Pt. 50.72, for occurrences before 1984 
1 require nuclear power plants to 
ee Event Report FER) database 

er, events reported to the LER 
r those that led to safety-significant 

and 10 CFW, Pt. 50.73, of e ~ e ~ t s  a 
report significant events to NRC. 
has been useful as a source of reii 

my 1, 1984, are 
was required if a module failed and a u l d  be replaced withiin the time 

constraint of the limiting ~ ~ ~ ~ i t i ~ ~  for operation. 
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elines do not require the reporting of certain single failures, and because 
d failures are simple failures, this reporting requirement reduces the 

reported. Information in the KERs is 
anism in the affected module. The 

quantity of actual aging-related module fail 
often insufficient to determine the failure 
manufactures of the module was identified in <I% of the reports, and the model type for 
the module in < 1%. 

Thc Nuclear Plant Weliability Data System QNPKDS) was developed by the 
Equipment Availability Task Force af the Edison Electric Institute (EEI) in the early 
1970s under the directian of the American National Standards Institute. NPRDS was 
maintained by the Soutlawcst Research Institute under contract to EEI through 1981. 
S i n e  January 6982, NPWDS has been under the direction of the Institute of Nuclear 
Bower Operation, an indu.try-sporasssd organization, to provide information on the 
operation of systems and components for the major nuclear plants. The systems include 
engineering and failure data for these ~~~~~~~~~ The NPRDS database contains 
detailed information describing failures of a broad range of components. The informatian 
on the module failures is submitted voluntarily to NPRDS. NPRDS failure reports are to 
be submitted when a component failure results in the failure of a reportable system to 
operate properly. The system’s operability must be either lost or sufficiently degraded to 
inhibit proper function. Typically, i ~ s ~ x ~ m e ~ t a t i ~ ~  channels are provided in redundancy 
such that failures of individual modules do not result in the loss of operability of entire 
systems. Therefore, single fail TC of instnlrncnts-whether from eamponent mechanical 
defects or from calibration problems-are not reportable to NPRDS. 

Some of: the limitations concerning this source are summarized below. 

Not all utilities report to NPRDS. 

Incipient failures are not repsstablc. 

Complete maintenance histories of failed mmponmts axe not available, and the 
effects of test and maintenance activities on aging-related failures arc masked. 
Therefore, tirne-line histories needed for aging evaluations are not available 
through NPRDS. 

Accurate modulc sewice-age calculations are difficult to obtain from these data. 

Approximately 50% of the NYRDS data are placed in the unknown or other 
devices failure category. 

Often, the NPRDS causes descripairan codes do not reflect the mechanisms 
causing the failure, 

Many narrative descriptions 610 not provide sufficient infmmation. 
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A3 R 

ing Research (NPAR) 
/or systems, but they 

in the plant is devoid of controls, 
ipresent.. 
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A8 XN-P'LANT 'zLJTa"y DATA 

some generic infomatiow and data from the 
p w e s  plants. These data, however, wcre €0 

useful for reliability studies per se than for stu 

A survey was made of three national databases (LEE%, NPWDS, and NPE) for the 
quantity of annual data each @auld produce for this study Relative ~ ~ m p a r i ~ o n s  are 
show in Figs- Ad through A3 for thc six I&C modules and display quite similar patterns 
for four of the 
for each of the 
ratio of aging-related events in the given year to the total for the 5-ycar period studied. 

ently, for this study, it was perceived that thc gcncric patterm could be obtsiaae 

a~fia. Tw each module category, ~~~~~~~~~~ were ealcullated 
databases (LER, NPIBDS, and NPE). The percentages in 

the smaller number of repraentativc events in the LER Ipse, 
Patterns for annunciators and recorders provi.de an interest eculation. A niajor 

portion of the data for annumciator niodula was ~~~~~~~~ in 1885, while that for recorders 
was ~~~~~~~~ in 198'7. Because the open literature does not discuss any major aging or 
industry problem for t esse I&@ modules, it can be surmised that the causes for these 
active years could be from either regdatary requirements from the control room desi 
reviews or from technological updating. Section 3.10 disc SSCE accelerating agin 
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Fig. kl. Relative percentages of indicator and sensor module agerelated data. 
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Fig. A3. Relative percentages of annunciator and recorder module aging-related data. 





Appendix B 

LIGH?'NINGEVENTS AS ELEGI1ROMAGNETXGr"JTERFERENcF, STRF.SSORS 





Table €3.1. Lightning events that challenged safety-related systems 

Document LER” Systems ~nstrume~tat~on and control 
Plant date (other) affected‘ category affected 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

66 
17 
18 
19 
20 

21 

Braidwood 1 
Braidwood 2 
Braidwood 2 
Braidwod 2 
Brunswick 1 

Brunswick 2 
Byron 1 
Byron 1 
Byron 1 
Catawba 1 

Farley 2 
Farley 2 
Grand Gulf 1 
Palisades 
Quad Cities 1 

Quad Cities 1 

Zion 1 
Zion 2 
Zion 2 

Vogtle 1 

7/18/89 
7/18/89 
9/97/89 
9/08/89 
9/10/84 

9/15/84 
7/13/85 
7/29/87 
7/31/87 
7/27/89 

3/27/84 
7/15/85 
8/15/88 

7/29/87 

3/10/90 
7/31/88 
8/ 17/19 
8/17/79 
4P)3m 

aim9 

89-06 
89-06 
89-04 

84-25 

84-25 
85-68 
87-17 
87-17 

(9-8-89)c 

(OP cp’ 
84-04 
85-10 
88-12 

87-14 
(OP cy 

(3/10/90)’ 
88-25 
(IE)” 
P)” 
(*E)” 

CRPS Source range detector 
CRPS 
CKPS 
CRPS 

Main steam line radiation high monitor, channel 

APRM 
CRPS 
CRPS 
CRPS 
RWST Level channels 

CRPS 
CRPS 
APRM 
AFW 
CRTGA Chlorine analyzer 

CRPS 
CRPS 
CRPS 

Turbine generator load mismatch 

“LER = Licensee Event Report. 
bAFw = auxiliary feedwater. 
APRM = average power range monitor. 
CRPS = control rod power supply. 
CRTGA = control room toxic gas analyzer. 
RWST = refueling water storage tank. 

‘NRC Headquarters Daily Report. 

‘IE = NRC Information Notice, Source: Lig)rhung Shikes at Nuclear Power Generating Stutwn, Information Notice 85-86, US. Nuclear Regulatory 
C = NRC Operations Daily Report. 

Commission, Nov. 5, 1985. 





Table B.2 (continued) 

h o m e n t  LEK‘ Systems Instrumentation and control 
Plant date affected modules affected 

21 Shoreham 8/11/86 86-30 RBSVS, GRAC 
22 Summer 7/29/87 87-18 IF&S 
23 Summer 8o/ss 8a-10 IFLS Computer 
24 Wolf Creek 8/06185 85-55 Outside air makeup radiation monitor 
25 Wolf Creek 10/09/85 85-71 W A C  Radiation monitor 

26 Yankee Rowe 6/01/86 86-04 Heater drain tank level control channel 

“LER = Licensee Event Report 
b~ = annulus mixing. 
APDMS = axiaI p e r  distribution monitoring system. 
CCW = component coding water. 
CRAC = control room air conditioning. 
EHC = electrohydraulic control. 
W A C  = beating, ventilating, and air conditioning. 
IF&S = integrated fire and security. 
RBSVS = reactor building special ventilation system. 
RCS = reactor control system. 
RWCU = reactor water cleanup. 
SBGT = standby gas treatment. 

‘Nuclear Power Experience Data Base, Stoller Power, Inc. 
dOp C = NRC Operations DaiIy Report. 
‘NRC Headquarters Daily Report. 
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Descriptions of several of the more significant events were presented in Lightning 
Sfrikes ut Nuclear Power Generating Stations, Information Notice 85-86, U.S. Nuclear 
Regulatory Commission, Nov, 5, 1985. Events involving lightning strikes of switchyards 
and the consequential anticipated impact on the electrical power distribution systems, as 
opposed to instrumentation and control. (I&C) systems, were not covered by this notice. 

The above examples definitely show lightning to be a stressor and as such to have 
an adverse effect on the environmental qualification and useful service life of I&C 
modules. 





Appendix C 

MODULE AGING PROFILES 





An example is given kcre of how the Licensee Event Report (LER) data were used 
to examine aghg-related failures for s k  ~ n ~ t ~ ~ e n t a t ~ o n  and control (I&C) modules. The 
indicator module category for 1984 was selected for this example. 

using the keywo 
an3 1988. The number of events for consideration was reduced to 220 by reviewing each 
abstract to determine which were aging-related. These were then added to  a database 
constructed as a too for this study. A sample printout from this database for the indicator 
module category i included as Appendix D. Sorting of the events by year of Occurrence 
produced the distribution shown in Fig. C.1. 

A structured search af the Sequenlce W i n g  and Search System (SCSS) database 
INDICATOR retrieved 999 abstracts of LERs written between 1984 

40 

49 

1984 1985 1986 1987 1988 
Year 

fig. Cl. Indicatoa mdlule tiveyear distribution of events (1984-1988). 
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The oceurrcnce data for each of the years were next arranged chronologically by the 
operatianal age of the plant where the occurrence took place. The date of initial 
commercial operation was chosen as "age zero'' for the I&C madule being studied, and the 
results were tabulated as shown below. 

Date year: 1984 

Plant age 1 2 3 4 5 4 7 8 9 10 11 12 13 14 15 16 17 It3 19 20 

NumberofLEKs 17 0 2 1 2 I 0 1 0 0 1 2 1 0 0 0 0 0 0 0 

These data were then nasmalizd by dividing the number of events in each plant 
age category by the number s f  operating plants having that age in 1984 (see Table C.1). 
The resultant calculated indicator module aging-related failure rates are shown in Fig. C.2 
for 1984. 

7 
~ ... . . . . . . .......... ___~._.____ ....... __ ..... --  

... A*+..+ . & *+' 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

-1 
F3g. C2 Indicator f d u r a  by plant age (1984). 

Similar failure rates and pbts were generated for each year, 1984 through 1988. 
Failure rates for the entire period were calculated as follows. The number of aging- 
related events were totaled for each plant age category for the five-year period. For 
example, the indicator module category indicated a total oE 64 aging-related events in one- 
year old plants and 20 such events for two-year old plants for this five-year period (see 
Table C.1). T h i s  total number of aging-related events was then divided by the total 
number of plants of that age (plant-years) over the five-year period. Table G.1 shows 
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34 plant-years for one-year old plants and 31 plant-years for iwo-year old plants over the 
1984-1988. Therefore, the failure rate is 64/34 aging-related events per plant-year 

for plant age one and 20Bf aging-rehted events per plant-year €or plant age two over the 
five-year period for the indicator msdule category. This failure rate is calculated for each 
paant age 1 through 29 and then plotted in Fig. C.4. Figure C.3 shows the correlation 
between the total number of aging-related events and the total number of plant-years over 
the five-year period. 

in Tables C.2 through C.6 and Figs. C.3 through C.26. 
Similar data for each sE the six ]I&@ modules were generated and are documented 





Table C.1. (continued) 

Plant Number of LERgnumbet of piants Total EWtS 
C € X l l ~ t d C a l  Total @ant- pep 
%?= (PW 1984 1985 1% 1987 1988 

26 /1 P P I1 0 a 0 
27 I1 x, AI 8 1 8 
28 i1 AI 0 1 0 
29 I1 0 a 0 

LERS 28/ %/ 49i 671 40/ 220 

LERS yea= plant-yar 

Total number of 

Number of 
licensed plants 

Iss t95 /IO1 1107 

“LEK = E1censec: Event Report. 
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Fw C l O .  Sensor module aging-related annual event 
profiles for (a) 19637, (6) 1988, and (c) five-- 
distliiutim of emmts. 





Table e3. (continued) 

Plant Number of LERs/number of plants Total Events 
commercial Total plant- per 
age (Yeam) 1984 1985 1986 1987 1988 LERS Y*B pktTlt-yeX&K 

26 /1 /o /I 0 2 0 
27 /1 /o /o 0 1 0 
28 I1 IQ 0 1 0 
29 /1 0 1 0 

Total number of 
LERs 20/ 171 291 28t lli 105 

Number of 
licensed plants 

/80 I88 I95 /lo1 /lo7 

"LER = Licensee Event Report. 
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Fw C14. controller d u l e  agirrg-related annual 
event profiles for (a) 2987, (6) 1988, and (c) fiveyeap- 
distribution of events. 



Table C A  
(number of LE%" per number of plants vs plana commercial age) 

Plant Number of LERsInurxrber of plants Total Events 
commercial 
age IYWEj 1984 1985 I984 1989 4988 LEWs J%ZiS plant-yeas 

uIp_m_-- 

TQtd piant- per 

1 2/7 5,B 4f7 416 616 23 34 0.58 
2 P /7 I f 8  an 2b 5 31 0.16 
3 /a t3 1P /s P 1 26 0.04 
4 I4 l/i P /7 /s 1 23 0.04 
5 t2 I4 /I P /7 0 17 0 

6 111 t2 14 111 t3 2 11 0.18 
7 114 211 t2 14 11 3 12 0.25 
8 16 61.1 311 /2 I4 9 17 0.53 
9 114 116 I4 /I E 2 17 0.12 
10 1P 214 1 /ti 2i4 I1 6 24 0.25 

11 1/12 2P 314 16 u4 8 35 0.23 
12 1/! 1/12 5l9 414 I6 8 38 0.21 
13 16 P 112 1P 214 3 38 0.08 
14 IS 1 I6 f7 4/12 ,9 5 39 0.13 
15 P 1s 14 /7 I12 0 33 0 

16 t2 t3 115 16 1P 2 23 0.09 
17 11 r;! P IS I6 0 17 0 
18 11 In t2 P 115 i 12 0.08 
19 10 I1 I1 I2 /s 0 7 0 
20 1s IO I1 /1 t2 e 4 0 

21 io IO /s 11 11 0 2 0 
22 11. rr, 10 /o 11 0 2 0 
23 IO 11 lo /o P 0 4 0 
24 P /o /I /a P 0 1 0 
25 I1 IO m /i /o 0 2 0 

---- 
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Table (25. (continued) 

Plant Number of LERshurnber of plants Total EVkX.its 

commercial Total plant- per 
age ( Y e a 4  1984 1985 1986 1987 1988 LERs Years plant-ymrs 

26 I1 P P, 11 0 2 0 
27 /1 P /o 0 1 0 
28 11 P 0 1 0 
29 /I 0 1 0 

Total number 
LERs I/ 61 3/ 3/ 41 17 

Number of 
licensed plants 

/so /rw P5 /lo1 1107 

"LER = Licensee Event Report. 
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Table C6. (continued) 

Plant Number of LERs/number of plants Total Events 

Age 1984 1985 1986 1987 1 988 LERs Years plant-years 

26 /1 lo P I1 0 2 0 
27 I1 /u /o 0 1 0 
2.8 I1 /O 0 1 0 
29 /1 0 1 0 

Commercial Total plant- per 

Total number of 
LERs 2/ 11 1/ 31 11 8 

Number of 
licensed plants 

/so /ss i95 1101 I107 

“LER = Licensee Event Reports. 
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A database was created as a tool for is study. The database consists of six sections, 
one for each of the instrmentation and control modules in this study where each section 
contains a compilation of aging-reiated, coded, and programmed information extracted 
from available sources. It was searchable by column combinations or by keywords in the 
text or a combination of both. Table D.1 identifies the columns for a full printout, and 
Table D.2 is such a printout for the sections on indicator modules. 

Column Headings Description 
~ - __ __ 

A US. Nuclear Regulatoq Commission plant license docket 
number 

Plant type and nuclear system vendor 

Date of initial comercial operation for the plant 

B 

G 

D Event date 

E Source of event information 

F 

G 

H 

I Reported failure c a w  

J Manner of failure detection 

K Reported corrective action 

L 

Coded functional category for the module 

Type of application for the module 

Insirurnentation and control system for failed module 

References of related events at the same plant 





c 

I 

M
 

M 
C 





72 
?3 
74 
75 
76 
n 
78 
99 
80 
81 
82 
a3 
B4 
85 
& 
87 
88 
89 
90 
91 
92 
m 
Y4 
95 
% 
97 
98 
99 
1uO 
101 
1m 
103 
104 
105 
106 
107 
1CB 
18  
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
1 2  
1% 
124 
1s 
126 

128 
124 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

in 

A 

56324 
50325 
58331 
56331 
56333 
S0334 
56334 
56338 
5 M 3 8  
50338 
50328 
S8328 
50339 
s 3 3 9  
50341 
50344 
50344 
sow 
50344 
56346 
56346 
56346 
56346 
58346 
58352 
56352 
56352 
56352 
50352 
50354 
50354 
50354 
50354 
50354 
50361 
58361 
50361 
50361 
50361 
58361 
sc36 i  
S8361 
56361 

56361 
56361 
50361 
50%i 
50361 
$6362 
56362 
50362 
50362 
56366 
56356 
46366 
4 0 3 %  
sow 
M368 
MW 
56369 
56369 

so370 
50370 
50370 

S M 7 3  
50373 
50373 

sasi 

5@3m 

50370 

B C 

BWR(GE) aUn 
BWU(GE) 03/77 
BWR(GE) W l 5  
BWR(GE) W7.5 
BWR(GE) 07/75 
PWKW) 10174 
PwK(w) tM6 
PWROK) W 8  
mcN) c6!7fJ 
P W R O  om 
P-Ws owl8 
PWRWj m 
Frn(wj WE& 
mo 12/84 

mew) 05/76 
P W R O  05176 

BWR(GE) 03/88? 

PWU(W) 05/76 
PwR(w) 05116 
PWR(BW) 07/78 
PWR(BW) 07/78 
PWR(BW) 07/78 
PWRjBw) 07/75 
mlw) I r n  
BWR(GE) 02/86 
BWR(GE1 02/86 
BWU(GE) OW86 
BWR(GE) W& 
BWR(GE) W& 
BWU(GE) 12/86 
BWU(GE) 121% 
BWU(GE) 121% 
BWR(GE) 12/86 
BWR(GE) 12/86 
PWKjCE) WLU 
PM%(CE) w€3 
PWR(CE) WE3 
PwR(CE) ws3 
PWR(CE1 W83 
PM'R(CE) W83 
PH'R(CE) W@ 
PWU(CE) OW83 
PWU(CE) 08183 
PWR(CE) 08183 
PWK(CE) OBiBJ 
PWK(CE) W83 
PWqCE) rn 
PWK(CE) W83 
PWR(CE) W€3 
m ( c E :  OYgl 
PWR(CE> OVS4 
PWR(CE) 0l/W 
PWR(CEj 03/84 
BWR(EE) CW/9 
BWR[GE) 
BWR(GE) CY79 
BWR(GE) Wf79 
PWRjCE) 00/80 
PWK(CE) 00i@ 
P W R F }  12181 

la81 
PWKDV) 12/61 
PWRW 03/84 
P S v R ~  a/84 
PWUO 
PWKCN) 03/84 
P w R W  03/84 
BWR(GE) 01184 
BWR(GE) 01184 
BW(GE) OUM 

142 50373 BWU(GE) OVM 12/1W LER37W37-037 

F G H I 

XiWR RADIATN COMMON AIR iNTAKE W MON MOISrVUE lNTKUSlON AlrU CORKOSiON 
XiJCR RADlATN COMMON M R  INTAKE RAD MOh PAILUKE OP SENSOR'CONVERTER 
CHANNEL TACHUM RCIC TURBINE TACHOMEER "INACCURATTY 
OTHER T1MSR DRYWELL PWMP,FILL 11MEP.S 

XDCR NEUTRON SOURCE RANGE CHANNEL 
SIGCONB CiXCOMP FUEL BtuG VEhT RAD MON 
OTHER ALARM DKOPPED CONTROL RODS 
XDCR Lm-L TURBINE SOLtiNOiD TRIP 
SiGCOND SPECPN PROCESS =IT PAD MOh 
SlGCOND SPECFN VENT X 4 C K  RAD MON (a?) 
SlGCOXD SPECFN VENT STACK RAD MON (aW) 
SIDCOXD XMTR VENT EACK RAD UONFOR 
XDCR NELTRON INE.KMEDL4TE W G E  MOWRDR 
CHANNEL FLOW MA(N §EA.?? LINE 
CHANNEL WBKATN MAiN lURB &&AIUNG (llslK%) 
XDCK NEUTRON INTERMEDMTE RANGE MONITOR 
XDCR W I A T N  LOW LEVEL NOBLE GAS MON 
XDCK CHEM CHLOIUNE DFXECIDR, HVAC 
CHANNEL NELrIllON NlMBIN MODULE 
SIGCOWD XhilR FEEDWATER PLOW 
CHANNEL SEISMIC SEiSMIC TRlGGER 
CHANNEL RADiATN SrATION VENT RAD MONrrOR 
XDCR hELTRON SOURCE RANGE DETECIUR 
XDCR CHEM CHLORINE DETECTOR W A C  
XDCK CIHEM MLOKINE DETeCTOR. HVAC 
CHANNELS W I A T 4  4 RHKSU'RAD MON CHA?%NEL§ 
XDCR CHEM Cl-ILOKlNE DETECTOR. HVAC 
XDCR NEWIRON INTERMEDIATE RANGE MONROR 
CHANNEL NEUTRON LOCAL POWER W G E  MONrrOR 
SIGCOND POWER S CONI'ROL ROOM VENT RAD MON 
SIGCOND POWERS CONTROL ROOM VENT RAD MON 

CHANNEL FLOW RCIC FEAM LINE 17mw 

S~GCOND POWER s C O ~ U O L  ROOM mwr RAD MON 

LOGE CONTACTS F&VEUSED SKCE 1974 
IM 'V~GA' I1ON REVEALED NO IDEN:lF'&LE CAUSE 
NOT STATED 
FAILED W A C n D R S  IN POWER SUPPLY; WINNG 
i m E m r r m m  FAULTS IN THREE ALUM CKT CARDS 
FATIGUB FALURE OF §PfilNG IN LEVEL S W C H  
FAILVRE OF RAD MON CPU CARD, CONdMECIDK 
PROBLEM WIT-! NEW PROMS iN MICROPROCESSOR 
MICROPZOCESSOK CPU BOAXD MALPWNCT13h 
MICROPROCESSOR CPU BOARD W&F2Jh'313% 
NELTKON D E T F D K  FAILURE 
FLOW INDICATION PAlLBD 
LOOSE CONNECTIONS IS JUNC3ON W X  
COMPENSATED 10N CHAMBER FAILURE 
FAULT( DEI'ECTOU GENERATED IhXERMFITENT NOISE 
NORMAL EQUIPMENT "KEAR AND AGING 
BAD RA'W METER MODULE 
NOT STATED 
DOES NOT MEEf FREQUENCY UANGE REQUlREMENTS 
HIGH-VOLTAGE BOaRD PAiLUKE, PRWEDUKBL EKiZOK 
DEEXIWR FAILURE 
OFEC BULB FAILURE IN DETECTOR 
AWALYZEK SERVOMECHANISM FAILURE 
DESIGN ERROR IN CIRCWmY 
CHLORINE DETECTION PROBE (ANACON) FXLUKE 

NOT STATED 
DEELTOK HIGH-YOLTAGE SUPPLY DRIFT 
D-R HIGH-VOLTAGE SUPPLY DRiPL' 
HUMIDITY EFFECTS ON HV POWER SUPPLY 

INTERMEDIATE UANGE M O N ~ ~ O K  DEECTOK FAWZ 

CPI%NEL TEMP HIGH-PRESSURE C O O U W  INJ PALED RLEY TEMPMATIC Bo TEMPEFATLIRE MODULf! 

CHANNEL WATX CONTNNMe%-r PURGE ISOUTION E W U i C A L  NOISE SPIKES 
CHANNEL CHEM TOXIC GAS ISOLATION. WAC CGNSiDEUlUNG W V Y  WSIBlLlTE?S 
CHANNEL CHEM TQXIC GAS ISOLATIOI*, W-4C CONSIDERING WAYY W i B l L j T E S  
CHANNEL CHEM TOXIC GAS EOIATiON, 1WAC CONSLDERING , U N Y  P O S l f $ l L r ~ l ~  
CHANNEL CHEM TOXC GAS ISOLATION, W A C  CONSIDERING m Y Y  POSlBiLEE?S 
CHANNEL RADNTS CONTAINMENT PURGE ISOUTION ELECI?UCA.L NOSE § P I E 3  
CHANNEL CHEM TOXC GAS ISOLATION, HVAC CONSIDERING MANY POSSIBlLlTSS 
SIGCOND CICTCOMP CONTUOL ROOM RAOIATION MON FAILED TUANSISM)U§ 
CHANNBL KADIATh CONTMNMENl' AREX RAD MQN BUILDUP OF DEPOSLTS IN CABLE C O N N E O R  
CHANNEL KADIATN CONIROL ROOM W I A T I O N  MON CIRCUlT CAR5 SUPPORT, E W E  COHNBLTOR PROBLEMS 
CHANNEL CHEM TQXC GAS SOLATION, HVAC INTEKMiTl-ENT SPIKING OF AMMONM A%ALYZER 
CHANNEL CHEM TQXC GAS SOLAT1ON. W A C  FALED CrliORii?iE DETECTOR S E W 3 L Y  
CMNNEL RADiA7W FUEL HkhlDLiNG ISOL4TlON FALED ELWRCJNiC CQMPO.kEI.ITS IN POWER SUPPLY 
SIGCOND ChTOM? PARTlCdLATWIO3hE RAD MOT FALED TKkVSISl09.S IN DETECrOK PPJAMPLFER 
CHANNEL PROTX h SIE4hi GEhEUTOR Luvi ?LOW FAILURE OF KEMY AKD SET-POlhT CAP33 

Z;DCR RaalATN CONTAINMENT AIFSORNE MQX PHOTOMULTIPLIER TUBE FAILURE 
SIGCOND CKTCOMP IODINE RAD MONITOR INCOKKECT CZNSOR DRAWIWGS W O N G  rAPACTOR 

CMNNEL WATN CONTROI. ROOM ARBOLWE RAGI GROUW SYS NOISJ, ENTERING D m n F :  AND PREAMP 

SIGCOND SSKSCI-; co,vr.uwr,NT XAG MOA PAILUE UP m m x  RANGE swrw (\O"&AL WEAR) 

SiGCOND 
CHANNEL 
XDCR 
SIGCOND 
SIGCOND 
SIGCOND 
SECOND 
SIGCOND 
SIWOND 

RCIC AMBIEisT TEMP IhSIX BAD CIRCUIT CARD 
RCIC ELECTL OVERSPEED MON 'COMPGNEW FAlL1JRE' 
P:QUha;.IKY CONTAlKMEhT IWL'N FAlLLlRB OF EMPEKAlYJIlE S W C H  MONKOF. 

EXCO1uI NEW€RO% SUBCWNELS FAILED PP&AMP ASSEMBLY AND FILTER 
EXCORE LOGARXHMIC NEL-LX5N NOISE PROM FAILEB WWER LEkD SURGE! CAPACTTOPS 
DELTA TEAVG OF THE PCS FAILURE OF A L W l 0 . G  CARD 
CONTROL ROD POSriTON IMD CIRCUIT PAlLURE OH i)LTFZTOFUENC03ER CAR3 
MAIN FWP LOW S U m O N  P E S S  FAILED PNEU P€"33 XW:R TURBINE COW.OL SYS 

AVG TOWER RANGE MONITOR FAILED REUUTOR CAW, PRWES cnmuim BOARD 

SiGCOND CLCARD COWTROL ROD POSkTOS IND 
X W R  NEUTRON SOURCE FLANGE CHANNEL 
RECENEK COhlROL DEH TURSlNE CONTROL S Y S E M  
SIGCOND CkCARD CONTROL ROD INDICATION SYS 
CKeVNEL PRKTEEb CHANNEL 111 OF RPS 
RECEiVER RELAY KTR BLDG VEhT PROC W MON 
RECEIVER RELAY HI-RADIATION MONITOR 
Cllk?NEL CHEM AMMONIA DETECIlON 
XDCR TEMP RWCU PID INLET TEMP SWiTCH 

-~ 
PALED C B h W  CONTROL CAKD aPdD UiSPLAY CATD 
W A m R  mE D b m O R  C A P ? ? G ~ ~ K  
COMPONENT FAILURE IN DEH TURBINE COPFTROL SYS 
"ELECI'RONlCS FAILURE OF UNK-WOW?; NATURE' 
FAILED SIGNAL COMPARATOR CQKW 
FAILED RELAY BOARD IN TRIP WHtT 
FAILED HV BOARD IN TI-IE INDfCA'I'OR REWY 
DEGRADED WlSA SAMPLE YJMP 
FAILED CAPACITOR IN THE TEMPERATURE SWITCH 

aed) 
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OBSEX 
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OBSER 
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OBSEK 
OBSEK 
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OBSER 
OESER 
OBSEK 
OBSER 
OBER 
OBEK 
OB§ER 
OBSER 
OWER 
OBSER 
OBSER 
OBSER 
OBSEW 
ORSEFi 
OIbSER 
O&EK 
OWEK 
OBSER 
a35SER 
m 
m 
TEST 
TEs1' 
OBSEU 
WNT 
's6 
OBER 
OBSER 
OMER 
OESER 
MAlNT 
m 
MAIm 
OBSER 
OBSER 
OBSER 
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REPLACED SENSOWCONVERTEX 
REPLACED SENSOR,'CONVERTER 
ORDERED NEW CONTUOL BOX Wmi TACH CIRCUTT 
CONTALTS T(EvERsED TO PRQPEU POSll'lON 
REPLACED TRANSMTIBU AND MASER TRIP UNE 
REPLACED SOURCE RANGE DETeCTOR 
REPLACED CAPACITORS, COWWTED WIRING 
REPLACED ALARM CIRCUX CARDS 
REPLACED M I C K W f K l H ,  INSPECTED ALL OTHERS 
REPLACED CPU CAIW, TIGHTENED EDGE CONNEXTOR 
REPLACED PROMS WLTH ORIGINAL UNTT$ CPU CARD 
REPLACED CPU U R D ,  U P G W E  MODIPIC4TR3N 
RJ3EJLACED CPU 3OM.D 
WILL REPLACE DEi'ECKlR 
h'CX STATED 
LOOSE CONNECTIONS TIGHIZNED 
REPLACED COMPENSATED ION CHAMBER 
REPLACED PUM-1C DETECTOR 
FAULTY DETECTBR REPIACED 
MODULE REPLACED. PROCEDURE MODIFICATION 
NOT SATEIS 
NEW TIUGGER WILL BE OBTMNED, 'E AMENDMENT 
REPLACE HIGH-VOLTAGE BOARD. REVISE PKOCEDURB 
REPLACE DEXECXDR 
REPLACE BOTH BULBS IN DETECIWR 
INSTALLED NEW DFIECTOR 
MODiFICAlTON INSTALLING PROPER CIRCUWRY 
1NSALLED NEW ANACON PROBE 
KEPZACE DEFKTNE IUM DKECFOR 
REsroKE FAILED LUPM M OPERABLE STATUS 
KECALiBKATED POWER SUPPLY 
RECALWKATED POWER SUPPLY 
REPLACE POWER SUPPLY WITH UPGRADED MODBL 
REPLACE SUBJECT lNSTRUM!??dTS WITH NEWER MODEL 
REPLACE DETeCTOR, PROPERLY GROUND P R W P  
IWi?.GATING NOISE SUPPRESSION ClRCJKS 
TORREClTv'E ACTIONS HAW BEEN iMPLEMEhTED' 
"CORRKCIYYE ACllOHS HAVE BE$% IMPLEMENTED' 
~~~ ACIIONS HAVE BEEN MPiEMEh'D' 
TORRECTIVE ACIlONS HAVE BEEN IMPLEUENTED' 
DFI'AILED SlUBY OF PLAI*T GROUND SYSTEM 
"COURECI1VE ACTiOSS HAVE BEEN IMPLEMENTED' 
REBUlLT THE RADIATION MONITOR 

L 

LEX3 333/85-@.2& 333187-012 

PP.OCEDUKE FOR UOU1'INE CLW'ING OF CONNEClDK PlNS 
PROCEDURE FOR UOPOUTINE INSPECITON AND CLWiNC:  LEK 3W87-028 
EVALUATlNG'EHNOU3GY FOR MORE RELIABLE INSTR 

LER L E U  36V83-0.13 361/8?1);13; %pgY%oc15 CHLORlh'E DETECTOR ASSEMBLY REPLACED 
MOUiFYING RAD MON GAS CHANNEL MODULE L E U  361/851)34; 36V88OCA 
REPLACED FAILED TUAYSlSKlX§ . LEK 36Va6013 
REPLACED BOTH FAlLED COMPOBEhTS LEFS 36134-043; 362rE3-111; 362/g4-ulf, 03,015, 023, 037, Xu& U39,32&5-W1 
NEW SVvTEHES Oh' ORDER FOR REPLACEMEYE LER 36?/55-W5 
REPLACED P H ~ M V C I W L I E R  TUBE LERS %l/WIl, 061; MI/&54%, 362/&-011,014; 5W&W; 363974% 
C O W  DRAWINGS, CONFORM EQUIPMENT TO DRA\WHCS 

FAILED COMPONENTS b5W REPLACED 
REPLACE SENSOR RBViSB PLAhT PRKEDUfUS 
REPLACE FAlLeD EQUIPMENT, FX'END IhTESTIGA370N 
BEPLACE PFiEAUP ASLUBLY AND FILTER 
REPLACP. SURGE wAcrrorts  
REPLACE FAULTY G W D  
XEPLACE FAULTY CARD 
REPAIR OR REPLACE FNLEC COMPONZSS . ClRCUiT CAKLK REPLACED 
REQIACED DETECJTOR 
NDT STATED 
RESK)RED OKlGlNAL CIRCUT CARD IN S b S V  
MFR WlLL PERFORM F'AILUKE MODE ANALYSIS 
REPLACED %UP WNR RELAY BOARD 
BAD CHANNEL BYPASSED . 
REPLACED WIM PUMP; SCHED BIENNIAL REPLACEMENTS 
REPAIRED W T K H  

Nwr STATED 

LEIS 32pgYW16; WS-012 
LEK M 7 - W i 3  

LERS W W i  007; 368/~-020. w m ,  007 
LSRS 369/8I-125, 172; 369/%0lic; 369/sm7, 090, 103, I@, 3as; 3 7 6 / S W  

LER j7W&V? 

L E U  W/B6.Uil?; u)7; M/&W 

LER 3 w m m  
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50-373 
5036? 

5o.m 
5934 
54397 

5W'n 

54397 
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54400 
5 W  
S W  
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S 0 4 V 9  
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54423 
544% 
50.424 
So424 
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50454 
s0-454 
50.454 

50-155 
50456 
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50461 
50-462 

50462 
so482 
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54482 
5 0 4 3  
54483 
50-483 
50498 
5a4% 

50.498 
5w98 
50.528 
54528 
S0529 
su.213 
50213 
D213 
5M15 
50-213 
50-259 
s(L269 
54259 
5o.m 
50m 

saw 

5434 

58397 

sa440 

saw 

56462 

saw 

sa498 

sani 

50275 
50272 
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0u84 
OSIS 
06/83 
W% 
12/84 
12/84 
12/84 
12/84 
1m 
12/84 
1YB4 
IVB4 
05!R 

03/88 
lY07 
we5 
08/85 
w85 
07/85 
07/85 
04/86 
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WE? 
OW87 
W87 
11/87 

091% 
QYI85 
09185 

09iS 
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W% 
08/67 
W67 
08/67 
w 0 7  
W67 
w4 
07/33 
07/73 
07/73 
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11112 
06m 
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LER 37318gOi3 
LEK 382~85-0736 
LEK WI%W 
LER W84-001 
LER 3~lWOOr 
LER 397Il34-025 
LEK 397ILWOS3 
LER 397184-Ow 
LER 397184-067 
LEK 397lM-W 
LER 397lS4-073 

LER W88019 
LER 409,86426 
LER 4@36&027 
LER 'lmI660 
LER 4OY/b7-uOS 
LER 41WWW4 
LeR 41Y87-019 
LER 41JlS457 
LEK 414'87-01Y 
LER 414W-012 
LER 4164Z5-043 
LER 41YLWWJ5 

LER 424'87-004 
LER 424i87-021 

LER 424'67a68 
LEX 4w67-m 
LER 4 4 0 6 U i 9  
LER 44Y87-WI 
LEK 45=WWM 
LER 454iS-022 
LER 454/85-099 

LEK 455/!3&010 

LER 45487-055 
LER 46UB8wz 
LER 46L,88019 
LER 4 W W  
LER WW1 
LER 482187-019 
LER 48387-053 
LER 48Z87464 
LER 4821&012 
LER W W 1 3  
LER 4Wg1-028 

LER 4W85-MZ 
LER 4@3iS&XS 
LER 4W87-W 
LER 496187-010 
LER 4W87-011 
LER 4Wgl- 
LEK w w  

LER SW85-097 
LER 529/&046 

LEK 3pNmm 

uin 4231as-a~ 

LER 426187-058 

LER 456/87-038 
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XDCR CHEM AMMONIADETZCI'ION FAILED FRONT OPTICS LAMP 
XDCR RAD CR AIR INTAKE RAD MON HOLES :N PM TUBE LIGM SHIELDS 
C W N E L  CHEM DRWVELL O m 2  ANALYZER CIRCUIT ERROR ON REPLACLMEhT AMP BOARD 
SIGCOND PKE.G,L? IkTTXhiKDMTE RANGE NELPrsCOH FAILED VOLTAGE PXEAMPLIFIER 
CHANNEL R4DWTX CR AIR IFITAM?. KAD MON EXCESSNE ELEXJIWCAL NOISE INDUCED INTO S E X  
CHANNEL RADIAm CR AIR IhTAKE RAD MQh' EXCESSIVE BLECTRC4L NOISE MDWCED INTO SY§T 
CHAVNEL RADIATN CR AIR IhTAKE RAD MON CLOSURE QP AN RCIC VALVE 
CHANNEL KADIATN CR AIU I N T A W  RAD MON SARTTNG A SEKYICE WATER PUMP 
CHANNEL RADIATN CR .un INTAXE RAD MON CLOSURE OF AN KClC VALVE 
CHANNEL KADIATN CR AIR INTAKE RAD MON CLOSURE OF AN XCIC VALVE 
CHANNEL CHE,W C H W a N E  ANALYZER COMPONENT FAILURE IN E W Q N I C S  MODULe 
CHANNEL TEMP LEAK Dk33CTl'Jk SEXEM F . ~ ~ L E D  - ~ M P E M . W ~  M o N r m w c i  MODULE 
XDCR NELTRON SWKCE RANGE D ~ C O R S  ONE IWRVAL mow, ONE P . ~ L Y Y  C O N N E ~ ~  
CfiYNEL NELTRON WIDGRANGE NUCLEAR NGlSE FROM RAVGE SWITCH AND OTHER SGURCES 
CHANNEL NEUTRON SOURCE RANGE CHANNEL UNDEWiZE PINS ON CHKYNEL O L T U T  TUBE 
CHANNEL NEUTRON WIDERANGE NUCLEAR Sm-F'OIYT AMBIGUVIFS BETdrreEN SCRAM AND ALA.?& 
CHANNEL FLADMTN CH AND AIR E1ECTDR CHANNELS FAILED TRANSISTOR AFFECTED COMMON POWER SdPP 
CHANNEL NEUTRON LO€& POWER RANEE MONITOK I'AULTY U M  CIRCUiT CARD, ISPANT MORTALlTY 
XDCR SPEED TURBINE OVERSPEED FAULTY TUKBINE OVdKSPEED TKAVSDUCEU 
RECEIVER CON?ROL CONTROL ROD POSmON FAILED PDC CONTROLLER 2i#)o 

RECEIVEK COhlROL PROCESS CONTROL SYSI'EM PRlATED C!RCUiT GARD MALFUN(SI1OW 

CHANNEL CHEM HYDROGEN ANALYZERS HEAT DEGRADED'lBRMINAL SiRli'S SRiTLl3 BROKEN 
RECENER CONTROL RTR P R E S  COWROLLER S F F  PT SPECIPIC CAUSE COULD NOT BE lDENTIFlED 
XDCR CHEM C o r n  BtrPG CHLORiNE SENSOR SPKIFIC CAUSE COULD NOT BE IDENTIFIED 

RECEIVER COMPUTE COATROL ROOM FL49 MONlTOZ 
XDCR KADMTN COhmOL ROOM €313 MONFOR FAULTY SENSiNG TUBE. BAD §OopI3NPJBE DSSIGN 
.XDCR RADIATN COhTROL ROOM RAD MONFOR FAULTY SENSING TUBE 6AD SOITWARE DESIGN 
XDCR RADlATN CONTROL ROOM IWD MONXOU PAULTY SENSING TUBE, BAD SOlWARE DESIGN 
XlXR TACH DIESEL GEN CTRL TACHOMETER INTEXUTEhT SIGNALS DUE TO S Y V - W  SO!SE 
XDCR RAD COhTROL ROOM KAD MONIIOR FA0L'i-Y GEIGER-MUELLEK TUBE! 
RECEIVER INDlCAT CONTROL ROD POSmON DEMAND SIXP COUKITJK SllC#IHG 
XDCR NELTUON POWER RANGE EXCORE NEWTRON FAILURE OP DEIEGTOR 
RECEIVER COMPUTE CONTROL ROOM RAD MONKOR COMWN FXLUKE ON MiCROPROCESOR 

MOTHERBC3AR.D 
CHANNEL RADiATN SERV WATER OUTLET RAD MON N O T  IDEkT.FIED 
SiGCOND PUWER S CONTROL ROOM RAD MON ZXAVSISOR 'FAILURE IN HV POWER SUPPLY 
.XDCR RADMTPI CONTAINMEBT YENT PAD MON i3EFECTW5 DETECfOR 
.yDcR WiBT54 CONTAINMEKT PURGE RAD MON RANDOM DElE4TORTdBE FAiLLffG 

CHANNEL RAiXAm CDN?IIOL ROOM RAD MON PAAULTY POWEK BOSOLATION BOARD 
XDCK CHEW Cl-lLOKINE DF1-R, HYAC OYiTCS CiRCacViT BULB FAILLRE 
CHANNEL R4DIATS COlrFTaOL ROOM 1LQl) MON BROKSlri SHIELD ON CO-AX CONNFXXOR 
XDCR CHEM CHLOKiNE DEl'EKTOR, W A C  PAPER TAPE TRANSPORT FAILURE 
CHAVNEL KADWTN CONTROL ROOM €!AD MON MOIS.XiRE INDUCED CORROSION OF C0FiNEr;TTOR 
XDCR CHEM CHLORINE DEI'E(TO& W A C  PHCCOCELL FAILURE 
XDCR CHEM CHLORINE DETeCIOS W A C  PAiiER T H E  TRANSPORT FAILURE 
CPAVNEL PiWSSURE REACTOR COOLANT SysreM DESiGN Z R R O a  PAILEB iNDICATOK L W P  
RECElVdR CONTROL , W N  STEAM AND FEEDWATER iXT C A D  PAlLUKE 1N 1SOLATlON CDATROL PANEL 
RECEIVER COMPUIT? W W A S T E  BL36: VEST RAD MON RAM F.CLLKXE O N  MICROPROCESSOR ClRCUiT BOARD 
CIikVNEt CHELM TOXIC GA§ MONITOR HYAC DEPECi?W FMW W E C H  

CHANNEL CHEM TBXC GAS MOWITOR W A C  PRlhTED CIRCLIE BOARD FIULL?XE 
CHA?YNEL CHEM TOXE GAS MONllQK. W A C  CCCUUPUTER CHIP FALSRE 

RECEIVER COMPU1'E CR VENT P R O C B  RAD MON 
W E N Z R  COMPUTE CONTAINMENT PURGE RAD MON 
CHANNEL WE'R SAFETY INJEtXIOH AClUATlON FAILUKE OF ?&4VU& Ac1UATfOPI HAANDSWITCH 
INDiCAT POSK3ON ROD POSTON INDICXTOH TEMP-INDUCED E E i O i i  IN ANALOG SYSlW4 OUl'lbLR 
CHANNEL FLUX D;S mWEK D K W N  AXlAL OPQSEF WRONG RZSLWOR. OVERVOLTAGE POWER 

RECEIVER CONTROL S/G CF COhlROL VALVE TWO D~FECI'NE c i n c u r r  CAKDS 

RECEIVER COMPWE CO~TAINMENT RAD MONTOR FAULTY c K r  BOARD IN DATA PKOCESSING MODLLE 
FAILURE OF DATA PROCESSING MODULE 

XDCR LEVEL CONDENSER prr  LEWL SWITCH ~ F S S  c o m o s i o N  FAILURE OF S W ~ H  AXM 

CHAXNEL RA;ZA-- FUEL HANDLING ALDG RAD MON UNAELE n: uiz=rzum 

CHANNEL CHEM TO-XiC GAS MONFlDK, W A C  LOOSE CowEcrm OR I N ~ E G P A ~ D  cmurr  CHIP 
BAD CPU WARD IN REM63TE lNDlCA17RIG CQI'WROLLEK 
LWMPONENT FWILURE ON CPU C A E 3  
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OWER 
WNT 
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WLACED FRONT OPTICS LAMP 
W L 4 C E D  FOIL ON TWO DETELTORS 
REPUCED WIRE SHORT wTT1-I PROPER RESISTOR 

RESET AND RETURNED TO NORMAL OPERATIOH 
WET AND RETURNED TO NORMAL OPERATION 

WSET AND RlTtJRNED TO NOPLMAL OPERATION 
RESET AND RETURNED TO NORMAL OPERATlON 
RESET AVD RECTUTCNEL, TO NORMAL OPERATION 
RESET AVD RETVRNED TO NORMAL OPERATON 

REPLACED WTH DETECTORS AND ONE PKEA??PLIFIER 
REPtACL53 SWRTH AYD iNSIRUMEW DRAWER 
REPLACED TUBE, CHECKED OlHER TUBES 
REPLACEMENT NUCLEAR INSIllUMENTATlON ORDERED 
REPLACED CHASSlS 
REPLACED LPRM CIRCUIT CARD 
REPLACED OVERSPEED XDCR, UNDERFREQUENCY RELAYS 
NOT 5TA'IZD 
REPLACED PRINTED CIRCUIT CARD 

LOWERED THEftM05TAT, =PLACED TERMINAL STRIPS 
REPLACED MOMR DRtVEN POT, SETPOINT PUSHBUTTONS 
REPIACEI) SENSING ELEMEm 

REPLACED DPM, TO VENDOR FOR TIEX AND AVALYSIS 
REPLACED TUBE, PROPOSED SOFTWAKE CHANGE 
REPLACED TUBE, PROPOSED S O W A R E  CHANGE 
REPLACED WBt?, PROPOSED SOFIWAXE CHANGE 
EXTENSNE REVIEW, WILL UPGRADE TACHOMETERS 
REPLACED MONITOR ASEMBLY 
CLEAN AND LUBE ALL FE!P COWWTBS, REPLACE ONE 
REPLACED DFTEXXOR 
REPLACED MiCROPROCESSOR MCTFIERBOARD 

CLWVED INLET STRAiNER, KEEPLACED MICRO CKT BRD 
REPLACED POWER SUPPLY 
REPLACED DKEXTOR TJBE 
REPLACED DETECNX TUBE 

REPLACED POWEK ISOLATION B O M  
REPLACED BULB (MDA SCIEWTINC INC, MOD. 7 M  FAN) 
REPLACED CABLE CONNECTOR 
REPLACED PAPER TAPE 
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REPLACED PHOIXXELL ASSEMBLY 
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REPLACED LAMP, DESIGN CHANGE :MPLEMfiW5D 
CICT CARD REPLACED B §EhT TO MFP FOR AWALYSIS 
KEPLACED RAM I3'RA'lED C I R C V S  
KEPLACED DEFECTWE FLOW S W K I  f 
REPLACED I'O AM3 PREAAIP PC %0ARDS, INS?ECIED 
REPLACED PRINlXD CIRCUIT E'LMRD 
REPLACED COMPLKER M i ? ,  S Y S E M  EVALUATION 
iNSPECT AND CL&\ RAM BOARDS AND CAGES 
ffiPLACED W U  €WARD 
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W L A C E D  FAL'L'IY HA!VDSW!TCH 
ESTABLISHED RPi TASK FOKCE TO EVALUATE PROBLEM 
REPLACE SYFXiW IN NEXT REFUELING OUTAGE 

REPLACED VOLTAGE PRE.aPLIwzn 

KEsm AND RETURNED TO NORMAL OPERATIOH 

m u c m  MODULE, mw REPLACEME~~T OP SYSIEM 

REPLACED PRINTBD c i n c u r r  CARDS 

REPLACED c i n c u r r  BOAKD 

REPLACED s m n  

-NOT STATED 
UEiGriTED AVERAGE TEMPEUWRFi FOR TWQ MONTSS 
REPLACE B1SML.E W SULlD STAT 1JhF 
REPLACED 24-V W A Y S  WTM 36V RELAYS 
FtES'ARTED RPACFOR 
I r n A K r n D  ReACrOR 

REPIURED ClRCVlT 
UEPLACED c i n c u r r  CARD 

REPLACED PROBE, EXAMINED BEARING 
UNDER CONTINUING INVeSIlGATlON 
INWSIGATING 
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LERS 454IU-002 W3 
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NRUIR 54213/a808 
RIDS 213IJUN88 

NONE 
LiSrS §EVW PREVIOUS SlMlLAR EVE&% 
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214 sa275 

216 5027s 
215 58275 

217 SP275 
218 5om 
218 Sam 

m 5am 
2.21 sa285 

222 $0295 
m 50295 

ZLS 50289 
226 50-289 
m 50289 
m sum 

230 5am 

m Sam 

m Sam 

131 Sam 

232 50.295 
233 wm 
234 50% 

236 50296 
237 50m 
236 50293 

235 sa- 

B C D  E F G 

PWRCW) 05/65 10/06/89 WRC/DEWI?N16766 XDCR FLOW 
P W R O  05/65 06/01/67 IR5027518815 XDCR PNEUMAT 
W R ( W )  05/65 SYl#87 IRSOMSI8816 SICCOND CKTCOM? 
PwRm 05/85 W3OlSS RIDSMSIAUG88 XDCR SPEED 
BWR(GE) 07/14 oSh)5/B9 NRC/DER!ENlS.S41 ReCEIVEK COhTROL 
5WR(GE) 03/74 05/19/89 NRC/aER/EN156S2 CHANNEL LEVEL 

P W R m  12/73 07/26/88 IRW2&?/&%12 RECEIVER CONTROL 
PWR(CE) W 4  W1W-l NRC'DERlEN15890 RECEIVER CONTXOL 

PWR(CE) 
RYR(CE) 
P-WBw) 
PWR(BW) 
pwwwl 
pwww) 
BWR(GE) 
BWR(GE) 

BWR(GE) 
BWR(GE) 

C W N E L  FLOW 
SYrn-.V IN5TKR 
SIGCOND POWERS 
CHANNEL UPRESS 
XDCR W I A T ' N  
RECEIVER CONTROL 
CHANNEL LOGE 
CHANNEL LOGIC 
XDCR NEUTRON 
XDCK m M P  

BWR(GE1 12172 oBIuu8y MRmUEN16171 XDCR NEIJTZON 
P w R O  1W 07/1#SS IR5WTJS/8&13 SIGCOND SPeCPN 
P W R O  1273 o7/oyes MRWIVEN16032 RECEIVER ANNUNC 

BWR(GE) 07/74 W16r88 IR50298gg28 RECEIVER RELAY 
BWR(GE) 07,?4 OWBIB IR.W29&%28 SIGCOND POWERS 
BWR(GE) 1m W 8 7  IRSO293iBg24 CHANNEL LOGIC 

BWR(GE) 07/14 06/04188 1 ~ 5 a ~ ~ 3 3  RECEIVER CONTROL 

H 

DP ACnrATION. SI, RS(lW4) 
ALL PNEUMATIC INS1'RUMEWN 
SOURCE RANGE CHANNEL 
? & I N  FEEDWATER PUMP. Rs 
liPCI SYSIEM PLOW CONTROL'R 
RBACIOR WATER LEbrEL 
CON7aOL 
FL3X 71LT CONTROLLERS 
T U R K U E D W N  Apw PUMP 

R?X coOU%T LOW PLOW X P  
ALL PNEL'MXTC Ih'b?#UMBkYVN 
OTSG LEVEL Tl3ANSMiTER.S 
MFW PUMFS, 0 1 X  LEVELS 
TURBIFiE BLDG SUMP MONITOR 
INTEGRATED CONTROL SrSreM 
REACTOR WATER CLEANUP 
CONTAINMEm ISOMRQN 
THREE IRM DEX'EXX0R.S 
KCLC, TEMPERATURE S m H  

LOCAL POWER RANGE MONKOR 
SEA?M/FEED FLOW MISMATCH 
NSSS ANNUNCIATORS 
HPCI PUMP GOVERNOR (EGM) 
RWC RBV, RHRS ISOLATONS 
REACIDFC BLDG RAD MONKOR 
345 SAFETY-RELATED RELAYS 

Table D2  (continued) 
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SHARED INSiRUMENT TAPS 
WATER LEAKAGE I N M  INbTKUMENT AIR SYbTEM 
FMLED CAPACKOR IN HV POWER SUPPLY 
SPEED PROBE FA!LURe, CKI' PAILURe TO DETELX 
' E L r n W  W M C r I O W  
F,%.URE OF A CONTACT To CWSE 

FOXBOKO COhTROLLERS INCOMPATIBLE WiTH NIS 

LOGIC 
FAILED POWER §V?PLY TO LOW-FLOW TRI? UNIT 
W A E K  L W 4 G E  IprrO INSR.Xvf5XT AlR SYST"iM 
FAILED TRANS1SIY)KMESImR 1N LX CHOPPER CKT 
D / p m  IN5TRUMEhT (SP-1U-5PT-2) FAILED LON' 
TEMP COUW OP PM TUBE VOLTAGE DMDER 
FAULTY ANALAX MEMORY MODULE 
AGE-RELATED FAILURES OP GE CR 12aA RELAYS 
FAILURE OF COIL IN LOGIC RELAY 
TO BE DETEXMINED 
INADEQUATE CONTACT PRESSURE BY TERWIbAL 
BLOCK 

UNSTABLE U-COATING, F W N G  IN KA-380'lUBES 
SQUAREROUI E X l X A a O R  FAlLVRE 
COhTROL SYSTEM CIRCUIT CARD FAILUW 
FAlLBD TRANSISTOK IN EGM SPEED CIRCUK 
AGERELATED FAILURES OF GE CK 1WA KELAYS 

MALFVWT cicr i~ STEAM SUPPLY VALVE 

J 

OBSER 
OBSER 
OBSER 
OBSER 
TF5-T 
OBSER 

OBSER 
TEST 

TesT 
OWEK 
03SER 
OBSER 
OBSER 
OBSER 
OBSER 
OBSER 
OBSER 
OWER 

OBSER 
OBSER 
OBSER 
m 
OESER 

FAILED ZENER DIODE IN POWER SUPPLY 
ARMATURE BINDING AND EXCESS PICKUP VOLTAGE 

OESER 
OBSER 

K 

NOT STATED 

MONFlWR SIMILAR POWER SUPPLIES, PREV2.NWE MAIN 
PROBE REPLACED AND S E W  TO VENDQR FOR ANALYSIS 
FLOW CONTROLLER RW.4IRED 
W . U R  OR REPLACE YAULTY COhTACT 

MODIFIED FOXBORO CQ%TROuF-Rs FOR COMPARBILVY 
REPLACBE FAULTY W.D 

GPiACED POWER SUPPLY 
E1TfENNsWE lWESTIGA3ON, %?YEW AND COKMTMEXS 
RBPIACED POWER SUPPLY MODtrU, COSTNU& ULJDY 
EVALUATlON OF W E  EVENT 
MPR REPLACED R.ES1bXV.S WE?-! THERVIbTORS 
P..E?LACED ANALOG MEMORY MODULE 
REPLACING ALL SAFETY REUYS OP THIS TYPE 
NOT STATED 
REPLACED THREE DETECTORS 
REPLACED TERMINAL BLOCK 

W0IZK;NG WTiH GE ON CORRECRVE MEASURES 
NOT STATED 
REPLACED FAILED CIRCUIT CARD 
EGM RET TU MFR (WOODWARD GOVERNOR) FOR REPAiR 
REPLACE ALL GE CR 1BA REWYS 
REPAIRED POWER SUPPLY 
MODIFIEDIREPLACED GE TYPE HPA RELAYS 

REPLACED ALL RELAYS rn sms OF DEGRADATION 

L 

LER WFM04-LL 1R 50W8819, E D S  28UJULZZ 
NONZ 

LER 28SleB8U 
LEK 2&5/W,3; IR 502&5/87-27, 67-30, & I S ,  6623, FC1017-EB, HNE O E B 2  
NOH& 
NONE 
NONE 
NONE 
LER mimiq IR ~awsis.24, WBU 
LER ~31~sm. IR samia-07 
NONE 
LER L93lB9-019, NRCIDEWdNl.5822 

SIMILAR PROBLEMS AT, AT LEAST, FIVE OTHER PtANpj 
RIDS 2YjlJUL88, LER 295188013. SIR 56295/&16 
NONE 
LER 29s/85-022 
NONE 
NONE 
GE S A L  18fLl. NED-545, RFO NO. 7. NRUIR 87-16 
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