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NUCLEAR SAFETY

Nuclear  Safety is  a b imonth ly  journal  edi ted by E.  G.  Si lver  at  the

Nuclear  Operat ions Analys is  Center ,  Oak Ridge Nat ional  Laboratory.

NucLear Safety rev iews the l i terature and recent  developments

rega rd ing  the  sa fe t y  aspec ts  o f  r eac to rs  and  the  nuc lea r  f ue l  cyc le ,

i nc lud ing  m in ing ,  f ue l  r ep rocess ing ,  s to rage ,  and  sh ipmen t .  Cove rage

inc ludes  the  des ign ,  l i cens ing ,  cons t ruc t i on '  and  ope ra t i on  o f

reac to rs  and  fue l - cyc le  f ac i l i t i es  as  we l l  as  t he i r  e f f ec t s  on  the

env i ronmen t .  A l so  rev iewed  and  repo r ted  on  a re  f o re ign  reac to r - sa fe t y

p rog rams ,  impor tan t  sa fe t y - re la ted  con fe rences  and  mee t i ngs '  cu r ren t

sa fe t y  resea rch  and  deve lopmen t ,  r eac to r  l i cens ing  ac t i ons '  ope ra t i ng

expe r i ences ,  and  op in ions  o f  t he  Adv i so ry  Commi t t ee  on  Reac to r  Sa fe -

gua rds .  Mos t  a r f i c l es  a re  i n -dep th  t echn i ca l  r ev iews  o f  se lec ted

top i cs  by  na t i ona l l y  z rnd /o r  i n te rna t i ona l l y  recogn i zed  au tho r i t i es

and conta in extensive ref  erences .  Ni ,Lc lea.r  Safety is  used b l r  reactor

d e s i g l e r s ,  b u i l d e r s ,  a n d  o p e r a t o r s  a n d  b y  r e s e a r c h e r s ,  a d m i n i s t r a t o r s '

and  pgb l - i c - sa fe t y  o f f i c i a l s  i n  bo t t r  gove rnmen t  and  p r i va te  i ndus t r y .

Subsc r i p t i on  I n f  o r_ma t i on

IVuLcLea r  Sa . fe t11  may  be  pu rchased  f  r om Super in tenden t  o f  Documen ts '

U . S .  G o v e r n m e n t  P r i n t i n g  O f f i c e ,  W a s h i n g t o n ,  D . C .  2 0 4 0 2 .

S u b s c r i p t i o n  p r i c e  $ 2 4 . 0 0  a  y e a r  ( s i x  i s s u e s ) ;  $ 6 . 0 0  a d d i t i o n a l  f o r

f o r e i g n  h a n d l i n g "  S i n g l e  c o p y  p r i c e  $ 5 . 5 0 ;  $ f . 3 8  a d d i t i o n a l  f o r

f o re ign  hand l i ng .  Pavmen t  shou ld  be  by  check ,  money  o rde r '  o r

government  col rPons and mqsl  accompany order .  Remit tances f rom

fo re ign  coun t r i es  shou ld  be  made  by  i n te rna t i ona l  money  o rde r  o r

d ra f t  on  an  Amer i can  bank  payab le  t o  Supe r i n tenden t  o f  Documen ts

o r  bv  UNESCO book  coupons .
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General Safety
Considerations
Edited by J. R. Buchanan

Historically. NRC regularory attention ro main-
tenance has been based. to a considerable extent. on
the qualitv assurance requiremenrs of i0 CFR 50.
Appendix B (Ref. I ), the surveiilance requirements in
i0 CFR 50.36 (Ref. 2), and the in-service inspection
requirements in l0 CFR 50.-s5a (Ref. 3). Although
requirements such as these. along with related guid-
ance. cover some of the major elements of nuclear
power-p lant  maintenance,  the regulat ions do not
explicit ly state NRC's expectations cn the full range
of activit ies thar tbrm the basis of a mainrenance
program. In the early 1980s. a series of studies and
programs undertaken by NRC, the Institure of Nuclear
Power Operarions (INPO), and others began ro tbcus
increased attention on maintenance and led to the
deveiopment of NRC's l laintenance and Suneii iance
Program Plan in 198,5 f Ref. -t). The PIan was designed
to address l ' ive princlpal maintenance sat'etv issues
that were tbund to exist at some planrs. The Ptan
summarized lhese issues.  rnd rhe corresponding
l la intenance and Survei i lance Prosram ( lv{SP)
objecrives. as follows:

l. There is indication that needed maintenance is
not beine accomplished or is nor performed effec-
tively. The objecrive is to determine the effecdveness
of current nuciear power-plant mainienance prograrns,
to detect  the causes and et fects of  equipment
pertormance desradation. and to identify correc-

NRC Regulatory Activities on Maintenance
of Nuctear Power Plants

By M. Deya

Abstract: The t\uclear Regulatory Commtssion tNRC) has ini-
tiated eJforts for und focused attention on maintenance of
nuctear power plants since 1980. A comprehensive survey and
review oi industrt maintenance practices in the United States
and abroad led ro the publicarion of a Final policv Statement
on ,Vaintenance oi Nuclear Power plants w.hich de1ined rhe
composition and elements of an eJfective matntenance program.
The NRC has initiated efforts for rhe esnblishment of a
mdrnlenance rule and standard to provide .guidance to the
in.lustry on its expectations for maintenance in nuclear power
ptants anci ro define in more denil the implemenrarion of an
eifective maintenance program. Various studies have been
conducted to support NRC's rulemaking elforr and have
provided a number of findinzs regarding elfectit.e mainrenance
pracnces: one malor conclusion is that a perJormance-oriented
Jvslems approach would lead ro increased effectiveness of
maintenance programs. These findings haye heen used for the
development oj a proposed and drajr Jina! rule and a draft
R.equlatom Guide.

The importance of good maintenance in ensuring safe
and reliabie plant operarion has been widelv recognized
tbr a long time. In recenr years. wirh the rapid growth
of the number of operating plants in rhe United States,
the approaching end of the nuclear construction era in
the United States. end the accumulation of sisnificant
reaclor operating experience, mainrenance has become
the focus of increasing attention both from the Nuciear
Resulatorv Commission (NRC) and tiom the industr.v.

dU.S. ),iuclear Regulatory Commission.
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tive action to minimize equipment failures and

unavailability.
2. Many failures resuit from improper performance

of maintenance. The objective is to reduce faiiures

trom improper maintenance by identifying the

fundamenml causes of human maintenance errors and

by idenrifying practices which reduce the error rate

and which increase the probabiiity of error detection

prior to system demand and to assess the effectiveness

of l icensee strategies for improved maintenance

pertbrmance.
3. The intertace between maintenance and opere-

tions is presently inadequate. The objective is to

determine the causes of poor coordination among

activit ies to assure proper integration of mainte-

nance. operations. and other organizationai intert'aces

for maintenance activities.
4. The number of maintenance-related challenges

to safety svstems is excessive. The objective is to

determine the causes of the high rate of challenges

and improve the effectiveness of nuclear power-

plant maintenance programs in assuring operabil ity

of safety systems.
5. A major portion of occupational radiation

exposure \over 75Vo) and many radioiogical hazards

occur to personnel pertbrming maintenance activities

(NUREG-0713) (Ref .  5) .  Improved p lannine and

control of maintenance activit ies may significantly

reduce occupational exposure to as much as half

that at present. The objective is to essure that' by

performing preventive and corrective malntenance ln

a planned and optimized manner. the unnecessary

and unanticipated radioiogical exposure of mainte-

nance personnel will be reduced.o

The MSP Plan, Phase I. was impiemented beginning

in 1985. Resuits from Phase I were published in June

1986 in a two-voiume report.6

NUREG-1212 tRef. 61 reported the in-depth tind-

ings and conclusions of Phase I. Several principal

conclusions were stressed. First. overall industry

reiiabil i ty and plant performance were found to be

improving, as indicated by declining forced ounge

and scram rates. However. Phase I also confirmed

that the five maintenance saf'ety problems identified

in rhe MSP were evident to varying degrees across

the U.S. nuclear industry. Wide vanations were tbund

in maintenance practices and eftectiveness. Industrv

init iatives to improve maintenance uere noted. but

definit ive assessments of the effectiveness of these

programs were nor vet possibie. In summary, Phase I

confirmed the existence of safety concerns reiateci to

maintenance and concluded that further NRC and

industry attention was needed to address these

concems.

POLICY STATEIvIENT

In response to the findings of Phase I' the

Commission directed the NRC statf Io develop a

policy statement to tormalize the Commission's

position on maintenance. The Final Commission

Policy Statement on Maintenance of Nuclear Power

Plantsl ,,vas published in the Federal Register on

!lar. 13. 1988. The Poiicy Statement declared the

Commission's intent to proceeci with a ruiemaking

aimed at improvins the etfecttveness of maintenance

programs throughout the nuclear industry' For interim

guidance to industry while the ruiemaking was under

way, the Pol icy Statement also clar i f ied the

Commission's views on various maintenance issues'

such as the definition and scope of maintenance

and elements of a good maintenance pro$am'

The NRC Policy Statement states that all com-

mercial nuclear Power Plants:
.  .  .should develop and imptement a well-dei ined and

ef fec t i ve  p rogram to  assure  tha t  ma in tenance

activi t ies aie conducted to preserve or restore the

ava i lab i l i t y ,  per to rmance and re l iab i l i t y  o f  p lan t

structures, s,vslems' and components. The Program
should cleariy dei ine the components and ectivi t ies

included, as well  as the management systems used to

control those activi t ies. Further'  the program should

inc lude feec i t rack  o f  spec i f i c  resu l ts  to  ensure

corrective actions, provisions for overal l  prosram

e v a l u a t i o n .  e n d  t h e  i d e n t i f i c a t i o n  -  o l  p o s s i b l e

component or system design problems' '

The Polic.v Statement l ists the tol lowing I5 activi t ies

that form the basis of an adequaie maintenance

program:

. TechnologY in the areas of
----corrective mai ntenance
-preventive malntenance
-predicdve maintenance
-surveillance

' Engineering support and plant modit-rcettons
. Quality assurance and quaiity control
. Equipment history and rending
. Mainrenance records
. Management of parts. toois. and taciiities

. Procedures

.  Posimaintenance test ins and re iurn- io-serv ice

activities

NUCLEAR SAFETY, Vot. 30, No. 4, Octob€r-Decembsr 1989
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. Measures of overall program et'fectiveness

. Maintenance management and organization in rhe
areas of

-planning
-scheduling
-sraffing
*shift covenge
-resource allocation

. Control of contracted maintenance services

. Radiological exposure conrrol (ALARA)

. Personnel qualit-rcation and raining

. Internai communications between the maintenance
organization and plant operations and support
grcups

. Communicarions between plant and corporare
management and the maintenance organization

PROPOSED RULE AND SUPPORTING
DOCUMENTS

On Nov.  18.  1988.  the NRC pubt ished a not ice
of proposed ruiemakins ro require commercial nu-
clear plant l icensees to impiement ef'fective matnre-
nance programs.E A major workshop. with over 300
panicipants, rvas conducted to discuss rulemaking
options and key maintenance issues and precrices.
The discussions at the workshop are documented in
Ref" 9. The proposed rule followed the iramervork
of the Policy Sratement requiring the implementa-
tion of a mainrenance program, including the preced-
ing l5 activit ies, regular assessments of the program,
and the execution of corrective actions based on
these assessments.

Toward derermining and iurther deiining et'feciive
maintenance pracr ices,  the NRC publ ished dra i t
NUREG-1333 (Ref. l0). The review of tbreign and
other U.S. industry mainrenance programs shorved
that certain pracdces are emphasized in rhese pro-
grams and have been tbund to contnbute signiticanrly
to etfective maintenance. These are discussed ln rhe
following rext-

l. Svsrens ,\oproach. A svstems approach mav
be descnbed as connining the tbllowing elemenrs:

.  Systemat ic  evaluar ion of  the funct ions and
oblectives of plant svstems. components. and
itructures to determine maintenance i.Ictivlt ies
and requrenents.

. A fbcus on long-term maintenance oblectir,,es
and  es tab l i sh ins  a  p roac t i ve  ma in ten lnce
program as opposed to reactive maintenance.

NUCLEAR SAFETY, Vot. 30, |,1o.4, October_Oecembcr 1999

.  Use of  a re l iab i l i ty-centered approach ro
maintenance,  inc luding considerar ion of  the
human-machine inrenace.

. The derivine of planning and scheduling tiom
overall program objecrives.

2. Elfec'i lveness :VIonitorin,q. The programs re-
vrewed consisted of malor etibrts fbr the monrtoring
of  maintenance ef fect iveness.  which inc iuded rhe
tb l lowing:

.  The col lect ion and engineer ins evaluat ion of
taiiure dara ( root-cause maiysis 1.

. The use of an integrated intbrmation sl'stem lor
collecring data and monitoring the et'fecriveness
of a maintenance program.

3.  Technic ian Qual i f icat ions anci ,Vlot ivut i t tn .
The programs reviewed placed emphasis on rhe role
of  the maintenance technic ian and h is  abi l i ty  to
pertbrm assigned ciuries. The programs were oriented
to the tbllowing:

.  The use of  maintenance rechnic ian r ra in ins/
certifi carion programs.

.  Enhancemen t  o f  t he  env i ronmen t  l nd
motivation of maintenance technicians.

1. fulaintenance Orgqni:ation. A key element of
the foreisn programs was a ciear definition of rnterfaces
between maintenance and other rcdvities (en-gineenns
suppoft, operations. quaiity assurance, quality conrrol.
corporate ofi ices. and sar'ety review). An important
aspect of the intertace is the adequate and timelv
engineering support that inciudes rhe e./aiuation of
tailure data-

NRC MAINTENANCE INSPECTIONS
AND MAINTEI'IANCE PERFORMANCE
INDICATOR PRCGRAMS

As pan of  \RC's overal l  tbcus on maintenance und
to updare pre ' ,  ious essessmcnrs of  U.S.  nucle l r  power_
piant  marntenance pro,- : r tms.  malntenlnce has been
c h o s e n : l s . l n  a r e a  o i  e m p h a s i s  i n  t h e  i n s D c c t l o n
p rog r tm  i o r  i i s ca l  vea rs  I 9E9  and  l r ) 90 .  The
rnsDec t i ons  be ins  conduc ted  use  a  ma in tenance
lnspec t ron  t ree .  wh l ch  cons i s t s  o f  t he  e : ; . sen t i a l
e lernents of  an et fect rve muintenance prosrcm. To
date.  about  -10 s i res have been inspected:  the remain_
ing  s i t es  r v i l l  be  rnspec ted  bv  t he  end  o f  199 ( ) .
Resul ts  of  the i imi ted insoect ions to dare inc i icare
that .  a l thoush maintenance prosrams are ec iequarely ,
documenrecj .  implementat ion ( ) f  the proora6,s rs
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lagging. The inspections indicate a need tor continued

improvement in maintenance activitres. paniculari;"

in the arees of equipment performanceireliabii i tv

trending and monitoring. lnd root-causc analysis and

engineer ing iupporr .  The maintenance inspect ion

guidance (based on an inspection treei and results of

the inspections have also been useci toward the

cle.relopment of a drati Regulatory Guide.

The monitonng of maintenance ei'fectiveness has

been icientified as an area of interest and imponance

rnd one in rvhich substantiai improvements can be

achieved. Therefore. in 1988 the NRC init ieted a

specific program tbr the development of maintenance

peffbrmance indicators. In a tnal progrirm that included

extensiue site visits. actual operationai data from

commercial power-relctor plants was used and the

abiiity of seiected inciicators lo determrne malntenance

etfectiveness was assessed. A major conclusion of the

program is that plants should use quantitative indi-

.ato., that are based on aciual cornponent reliabil-

it-v and failure history to provide the best rneasure

oi rnaintenance effectiveness- These recommendations

have been usetJ in the development of the relevant

s€ctions of the draft Regulatory Guide'

DRAFT REGT,ILATORY GI.JIDE

A drafi Regulatory Guide has been prepared with the

use of tindings antl recommendations of the preceding

studies anrl prograrns. The drati Regulatory Cuide has

been published tbr public comrnent and detjnes an

etfecrive maintenance Program to involve a systems

approach whereby overall policy, goals' md objectives

are estabiished: maintenance is conducted on the basis

ol these goais and objectives: the effecriveness oi

maintenance is monitored and assessed; and, on the

basis cf the monitoring and assessment activit les'

timely feedback and corrective actions are executed'

The incorporrtion of these steps in the maintenance

prosram is  considered essent ia i  :o  ensur ing that  l ln

ef fect ive maintenance program is  achieved anci

maintained. The toilowing iterns summarize the k"'v

elements of each of the preceding steps described

in the Regulatory Guide and shown schematicelly

i n  F ig .  l .

l . Esrublish Ot'erall Polic"' '  Gc',t ls' and Objec'

t ives. The maintenance program shouid define thc

overall poiicy and objectives tbr mlintenance that

are consistent with sal'e operation rnci securttl of

the p lant .  The rnaintenance requi red on var lous

structures, systems. and componens should be directed

ioward achieving these objectives. Quantitative goals

relate'J to these objectives shouid be established as

one means to measure the progress of the matntenance

program in achieving its objectives'

2. Condtrct Muintenance' The conduct of nnainte-

nance activit ies in the Plant should be rjocumented'

as necessary. ro provide tor implementalion in s

systematic. coordinated. nnd accurate fashion consistent

with the goais and objectives defined in item l '

These activit ies include the management' coordina-

t ion.  communicar ion.  qual i ty '  assurance'  t ra in ing '

su rve i i l ance ,  and  l echn i ca i  t asks '  l nc lud ing

postmaintenance testing. associateci with pefibrmtng

Laintenance. An etfective maintenance progrrm need

not require extensive ciocumentation but rather rnust

be understood and effectiveiy impiemented b-v aii

involved personnel in a consistent manner'

3. Monitor anrl Assess Eifecti '"eness antl Per'

f o rmonce .  The  e f f ec t i veness  o f  ma in tenance

act iv i t ies shoul t j  be evaluated by assessing the

per lormance o l  the p lant  agl inst  the goais end

ob. ;ect ives establ ished in i tem I  and by other

quantitative means- In addition, quaiintive assessments

of maintenance (auriit and inspection) shouid be used'

On the basis  of  these assessments '  the need for

corrective action should be determined'

1. Obtairt Feetlhuck und Take Corrective Ac-

tions. .\ t-eedback mechanism should be an integrel

par t  of  the maintenance program to ensure

ihat  t imely correct ive 3ct ions are taken i f  the

eft 'ectiveness of the proqram is not consistent with

the established goals and objectives or if the other

quantitative and qualitative assessments indicate that

improvement is needed. The feedback process should

l iso cnsure thr t  rny d i rect  or  suoport ing lc t lv l tv '

associated rviih the maintenance program and needine

improvement. is identif ied and corrected in I t imelv

manner.

FUTURE ACTIVITIES

The NRC statf submitted for Commtssion rpproval

e f ina i  ru le, l l  s imi lar  to  the proposed ru le e ' rcept

c lar i fy ing the scope of  equipment  : rnd act iv i t ies '  end

the dratt Regulatorv Cuide discussed previouslv'

The NRC has tleclded to pospone lhe promul{atton

oi ihe i inai malntenance rule unti i the completion of

an edequate i inr.i eft 'ectrve finei R'egulatory Guide and

unt l l  fur ther  lssessments of  improvement  in  E\ iani

maintenance programs hal 'e  been cornpieteC rnd

recommendarions marie ressroins ihe need :or a ruie'

NUC-:-EAF SAFETY, Vol' 30, No' 4' Octob€r-Decernoer 1989
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Fig. I Schematic ofsystems approach in draft regulatory guide.

The draft Regulatory Guide has been published tbr
puLrlic comment. Further study. confirrnation. and
elaboration of the findings discussed in this paper and
a workshop and peer review of the Reeularory Guide
are pianned. The NRC seeks to develop and estabtish
a standard which has received exrensive review and
comments anci which, if implemenled. would lead ro
efl'ective maintenance at nuclear power plants and
enhanced sal'ety of the U.S. nuclear power program.
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